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Objectives: To identify and criticize the evidence for the effectiveness of the eccentric exercise to treat
upper limb tendinopathies.
Design: Systematic review.
Methods: Relevant randomized controlled trials (RCTs) were sourced using MEDLINE, SPORT Discus,
Physiotherapy Evidence Database (PEDro) and CINAHL databases. Inclusion criteria were: (1) studies in
English or Spanish; (2) adult participants with clinical diagnosis of tendinopathy; (3) RCT study design;
(4) results regarding pain or strength were assessed; and (5) eccentric exercise was employed to treat
upper extremity tendinopathies. Two blinded reviewers independently extracted data concerning trial
methods, quality and outcomes. PEDro scale was employed to assess methodological quality. Results
were summarized in a best evidence synthesis.
Results: The selected studies (n=12)scored an average of 6/10 based on the PEDro score. In 11 studies, pain
decreased significantly with eccentric exercise, but only in five studies, the reduction was significantly
better than in the non-eccentric group (in all or some of the parameters). Strength was assessed in nine
studies; within-group evaluations show that strength significantly improved in the eccentric-group in
seven studies, whereas inter-group changes were only significantly better in the eccentric-group in three
studies for all the parameters and in two studies for some of the parameters.
Conclusions: Eccentric exercise may reduce pain and improve strength in upper limb tendinopathies, but
whether its effectiveness is much better than other forms of treatment remains questionable. Further
investigations are needed, not only focused on shoulder impingement or epicondylar tendinopathy, but
on tendinopathies in other areas of the upper limb.

© 2015 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Sport medicine is becoming relevant, being tissue degeneration
acommon finding in many sport-related tendon complaints.! In the
last 20 years, sports activities have become increasingly important
in our modern society.2 More than 30% of sport injuries arise from
or have an element of tendinopathy.? Tendinous injuries and other
tendon diseases represent a therapeutic and diagnostic challenge.*

As part of common upper limb tendinopathies, the incidence of
lateral epicondylitis (tennis elbow) in tennis players of all ages is
as high as 9-40%,>6 and between 1 and 3% in the general popula-
tion, being 2-3.5 times more frequent in people over the age of 40,
particularly if playing tennis more than 2 h per day.® It is estimated

* Corresponding author.
E-mail address: imp@uma.es (I. Medina-Porqueres).
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that shoulder tendinopathies prevalence within physical workers
is 15-20%, and hand and wrist tendinopathies between the inter-
val ranging from 4 to 56%. The risk increases when high strength,
repetitions, or exposure to vibrations during repetitive work are
combined.” On the other hand, De Quervain’s disease, caused by
stenosing tenosynovitis of the first dorsal compartment of the wrist
(abductor pollicis longus and extensor pollicis brevis), is probably
the best known form of tendinopathy of the wrist and hand and
is approximately six times more common in women than in men.>
This condition is the third most reported tendinopathy of the upper
extremity in physical workers and it is promoted by diabetes or
rheumatoid arthritis.”

Some controversy exists and there is little evidence sup-
porting the use of conservative treatments such as ultrasound
(US), iontophoresis with NSAIDs, deep transverse friction massage
(DTFM), or acupuncture for treating tendinopathy.®-'° Neverthe-
less, in some studies, these treatments show positive effects in the
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reduction of pain or in improvement in the function of patients
with tendinopathies (e.g. lateral epicondylitis).!%-13 Other ther-
apies, including extracorporeal shock wave therapy (ESWT),1415
glyceril trinitrate patch,'® percutaneous tenotomy,!” and injec-
tion of substances such as autologous blood,!® corticosteroid,!?
prolotherapy,2? or platelet-rich plasma (PRP)?! may be considered
if patients do not respond to the mentioned treatments and remain
limited significantly in function or activity due to pain.??

The failed healing response which apparently underlies
tendinopathy has been proposed to be counteracted by eccentric
exercise (EE) through promoting collagen fiber cross-linkage for-
mation within the tendon, thereby facilitating tendon remodeling.?
The lack of knowledge regarding pathophysiology of tendinopa-
thy and the ultimate mechanisms by which EE may help resolve
tendinopathy remain nowadays hard to determine. Beyond this, it
is crucial that the clinical effectiveness of physical modalities such
as EE is established as a matter of priority.

Although most eccentric exercise research regarding
tendinopathies has classically focused on the lower extremity
(specifically Achilles and patellar tendons), the upper extremity
also warrants scrutiny because of the high incidence of tendon
problems.® Exercise programmes incorporating eccentric muscle
activity are becoming increasingly popular as they are considered
to provide a more effective treatment than other forms of exercise
therapy.?> However, in everyday life, only around 60% of patients
take advantage of this exercise regime.>*

The objectives of this systematic review are the following: (1)
to identify studies investigating the effect of eccentric exercise on
upper extremity tendinopathies; (2) to describe the supplemental
forms of treatment used in combination with eccentric exercise
protocols in the treatment of tendinopathies; (3) to evaluate the
strength of evidence supporting the use of eccentric exercise to
treat tendinopathies; and (4) to make recommendations for future
research.

2. Methods

The study protocol was developed based on the framework
outlined in the guidelines provided by PRISMA (Preferred Repor-
ting Items for Systematic Reviews and Meta-Analyses statement).2>
The registration of this systematic review was properly accom-
plished in PROSPERO. The registration identifier of the protocol is
CRD42014009952.%°

A literature search was performed using MEDLINE, SPORT Dis-
cus, CINAHL, and Physiotherapy Evidence Database (PEDro) to
gather information relating to the treatment of upper extrem-
ity tendinopathies with eccentric exercise. Each database was
searched since its start date. Study details extracted were orga-
nized in two tables: synopsis of the selected studies (pathology,
duration of symptoms, intervention, outcome, post-treatment
follow-up, and PEDro score) were summarized in Table 1, and
parameters of the eccentric strengthening protocols (description,
frequency/week, duration, sets, reps, progression of the intensity)
can be found in Table 2. Two authors (M.O. and I.M.) independently
searched the databases. This systematic review followed PRISMA
recommendations.

The search terms for this systematic review were obtained based
on MeSH (Thesaurus) and they were: tendon, tendinopathy, exercise,
eccentric, training.

The articles finally included in this systematic revision were fil-
tered depending on the following criteria: (1) studies in English or
Spanish; (2) adult participants with clinical diagnosis of tendinopa-
thy; (3) studies design was RCT; (4) results regarding pain or
strength were assessed; and (5) eccentric exercise was employed
to treat upper extremity tendinopathies. The studies were obtained

from each database, in order of relevance, using these inclusion
criteria and only reading title and abstract. Those which could be
clearly determined that did not meet the criteria were excluded.
Two authors (M.O. and I.M.) independently screened titles and
abstracts, and if necessary full texts, to determine whether the
paper met the inclusion criteria. The papers of which the authors’
opinion was initially different were discussed until consensus was
reached.

The methodological quality of each of the studies was assessed
independently by two reviewers (M.O., .LM.) using the PEDro crite-
ria. Reviewers were not masked to trial identifiers such as authors’
and journals’ names. The scored portion of the PEDro scale assesses
eight items pertaining to internal validity and two items added
to ensure that the statistical results would be interpretable to the
reader. Regarding score, 1 point was given if the item was accom-
plished and 0 points if not, reaching a maximum of 10 points. The
closer the score was to 10, the better the quality of the study.?”-28

Results were analyzed using a rating system with levels of evi-
dence for each extracted outcome.?® These levels are:

e Strong evidence: consistent findings among multiple high-
quality RCTs;

e Moderate evidence: consistent findings among multiple low-
quality RCTs and/or one high-quality RCT;

e Limited evidence: one low-quality RCT; conflicting evidence:
inconsistent findings among multiple trials;

¢ No evidence from trials.

For the purpose of this review, consistency was defined as sim-
ilar results between trials for a particular outcome. In this review,
since blinding the patient and/or treating therapist would have
been unlikely, the cutoff for a high-quality trial was 5/10 or bet-
ter; 4/10 was established as moderate quality and 3/10 or below as
low quality.

For each continuous outcome, between-group effect sizes were
reported with 95% confidence intervals. Categorical variables were
reported as ratios (percentages) when possible.

Two authors (M.O. and LM.) independently extracted data
from the selected studies regarding: (i) authors; (ii) sample size;
(iii) location of tendinopathy; (iv) treatment group; (v) control
group; (vi) outcome measure; (vii) previous treatments; (viii)
PEDro score; and (ix) the variables in the eccentric exercise pro-
tocol, such as description of the exercise, sets, repetitions, time of
rest, progression of the intensity, and frequency per week. Other
information obtained included group sizes and sociodemographic
data (age, gender), length of symptoms, dominance according to
tendinopathy, previous treatments, and follow-up post-treatment.
Any discrepancies will be resolved through discussion until con-
sensus is reached.

3. RESULTS

The number of full-text studies retrieved and the number of
studies excluded are reported in Fig. 1. Reasons for exclusion
included: tendinopathies were not treated (n=1); participants
were cadavers (n=1); participants were non-human (n=1); eccen-
tric work was not mentioned for the treatment of tendinopathies
(n=1); RCT design was not respected (n=2).

The mean PEDro score for the 12 studies was 6/10, with a range
from 3 to 8. Overall, these scores are relatively good, consider-
ing that the intervention of eccentric exercise does not allow for
blinding of the participant or therapist. Blinding of the assessors
and concealed allocation were two other criteria that was poorly
reported in most of the selected studies. Thus, the highest achiev-
able score was 8/10. The two reviewers had initial agreement on



Table 1
Synopsis of the included studies.
Main author Pathology Previous Intervention Outcome (95% CI) Post- PEDro
(year) duration of treatment Score
symptoms follow-up
Experimental Control Experimental Group Control Group
Group (EG) Group (CG)
Baseline FFU Baseline FFU
Tyleretal. Epicondylar 6 weeks ~7 weeks Same as EG, DASH (0-100) 38+29 9421 38+30 33422 None 6
(2010)*°  tendinopa- minimum isolated but with (p=0.002) (p=0.33)
thy eccentric isotonic VAS (0-10)* 6.7+2.8 1.3+2.7 6.3+2.8 49+2.7
exercise, as exercises (p=0.0001) (p=0.015)
well as instead of Strength 30+11% 28+19%
stretching, eccentric (Lafayette 9+23% 21+25%
US, deep exercise. Manual Muscle 17 £24% (p=0.005) 124+£22% (p=0.43)
transverse Exercises Tester 1+£33% 13+31%
massage, heat and dynamometer): 24+15% (p=0.18) 20+16% (p=0.84)
and ice. stretching - Wrist
Exercises and were also extension 51+26% 5+20% 40 +28% 17 £18%
stretching prescribed as deficit (%)¥ (p=0.03) (p=0.36)
were also home - Middle finger
prescribed as  exercises extension 15+£33% 38+34%
home (n=10) deficit (%)¥ (p=0.005) (p=0.82)
exercises - Combined
(n=11) strength deficit
(%)
Tenderness
(dynamometer
attachment)
(%)t
Peterson Epicondylar >3 months 3 months Same as EG, VAS(0-100):¥ 47.9+26.8 9.84+19.5 46.1+27.5 12.84+24.8 9 months 6
etal. tendinopa- eccentric but with - During (p<0.001)
(2014)*"  thy exercise at concentric maximum 40.6 +27 38.8+28.6 6.6+18.9
home (n=60) exercise voluntary 47+12.4
instead of contraction 119.9+44.1 (p<0.001) 133.7+48.4 138.3+49.3
eccentric
exercise - During 28.8+184 128.8+50 275+17.3 9.6+16.3
(n=60) maximum (p<0.05)
muscular 28.4+6.9 27447 23+74
elongation 53+1.5 9.6+17.8 55+1.4 54+13
6.6+5.8 6.3+4.9 49+6.1
Strength, in 249+7.6
Newton 51+1.6
(dinamémetro 42+55
de agarre
manual

Chatillon MSE
100)!

DASH (0-100)¥

GQF¥

- Activity

- Well-being
- Complaints

ory
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Lombardi
etal.
(2008)*®

Shoulder
impinge-
ment

~14
months

8 weeks 8 weeks on a
muscular waiting list
strengthening (n=30)
programme,

both

concentric

and eccentric

(n=30)

VAS (0-10)*
- During rest

- During
movement

DASH2 (0-100)
DASH3 (0-100)!

SF-36 (0-100):*
- Physical
function

- Physical role
limitation

- Pain

- General health
- Vitality

- Social function
- Emotional role
limitation

- Mental health

Shoulder ROM
(goniometry):
- Flexion¥*

- Abduction?

- Internal
rotation with
90° shoulder
abd¥

- External
rotation with
90° shoulder
abd¥

- External
rotation with
arm alongside
the body¥*

- Extension’

42+24
74+1
49.6+23.5
44+17.6

54.8+19.8
31.7+37.1

433+17.3
734+£17.2
52.4+24.1
69.6£32.3
40+40.5

53.5+24.9

126.7+24.4

116.8+24.5

40+14.9

75.6+19.8

61.9+15.9

48.2+8.7
25.5+12.82/32.5+17.27
36.6+19.25/49.87 +£28.2
22.1+11.89/23.87 +17.68
29.2+17.49/29.7 £24.26
19.83+8.06/24.7 £11.97

11+4.95/12.73+6.94

2421
(p=0.001)
5242
(p=0.002)
28.7+248
(p=0.032)
3324187
(p=0.046)

64.3+19
36.7+41.4

543+16

73.94+20.3
54.8+24.7
76.7+27.4
62.2+40.8

629422

137.1+24.8

136.9+£28.5

453+13.3

82.7+18

65.4+13.9

54.5+8.8
29.2+11.46/37.73 +17.57
40+18.42/55.37 +£29.11
24.37+12/25.53+17.78
33.8+18.39/33.67 +25.94
22.23+9.28/28.93 +13.03

12+5.12/17.37 +14.85

39+2.6
71+1.5
47.4+24.7
448+18.3

62.2+20.3
25.8+36.2

43.9+19.2
70.5+25.6
50.4+25.4
73.3+£29.7
54.4+44.2

54.9+25.1

119.5+29

129.7+31.5

33.2+16

67.5+29.7

60.1+16.6

448+12.5
22.3+10.7/27.6 £16.26
30.23+17/42.17 £24.63
16.63+11.9/18.43 +£16.41
21.1+16.86/23.9+22.38
16.7+7.5/19.9+9.5

9.2+3.53/10.53 +£5.22

43+3.2
7.1+£25
44.2+28.2
43.4+228

62.84+22.3
30.8+39.8

46.7 +£24.1
68.2+25.3
49.4+26.9
65.44+27.2
55.54+42.3

56.5+25.1

130.6+27.4

127.2+31.6

35.6+15.7

70.5+31.7

64.8+18.4

46.9+12.2
22+13.46/28.23+£2041
28.4+19.27/37.93 +£27.29
15.84+11.44/16.27 +£16.18
21.73+£18.4/22.6 +24.63
17.13+7.99/20.3 +10.68

9.53+£4.15/12+£7.52

None
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Table 1 (Continued)

Main author Pathology Previous Intervention
(year) duration of

symptoms

Experimental Control
Group (EG) Group (CG)

Outcome (95% CI)

Experimental Group

Control Group

Baseline FFU

Baseline FFU

Post-

PEDro

treatment Score

follow-up

Isokinetic
evaluation of
the shoulder at
a speed of 60°/s
(Cybex 6000
dynamometer):¥
- Flexion (peak
torque/total
work)
- Extension
(peak
torque/total
work)
- Abduction
(peak
torque/total
work)
- Adduction
(peak
torque/total
work)
- Internal
rotation (peak
torque/total
work)
- External
rotation (peak
torque/total
work)
12 weeks 12 weeks VAS:¥
eccentric contraction- - During rest
exercise relax- - While
(Curwin & stretching palpating the
Stanish exercises at  epicondyle
modified home - During
programme, (n=15) resisted wrist
1984) at extension
home (n=15) - Middle finger
test
- Grip strength
test

Svernlév Epicondylar =10
etal tendinopa- months
(2001)*?  thy

Grip strength
(effort gauge
device)!

At the beginning, higher VAS result in EG than
in CG (p<0.04). After 3 months, no significant
differences between groups.

Significant improvement in 4 out of the 5 VAS,
except during rest. After 6 months, 14 subjects
referred a complete pain relief. Grip strength
increased significantly after 3 months
(p<0.001); after 6 months, improvement was
significantly better in EG (p <0.05)

54.8 (33.9-83.2) 66 (43-92.3)

In CG, significant improve in 4 out of the 5 VAS,
except assessing grip strength.

After 6 months, 13 subjects referred a
complete pain relief. Grip strength increased
significantly after 3 months (p<0.001)

453 (28.6-71.8) 54.6 (35.3-89.9)

9 months

4

(47474
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Viswas et al.
(2012)*3

Maenhout
etal.
(2013)*

Epicondylar
tendinopa-
thy

Shoulder
impinge-
ment

Between 8
and 10
weeks

3 months
minimum

4 weeks
supervised
exercise
(stretching
and eccentric
exercises)
(n=10)

12 weeks
traditional
treatment
(internal and
external
shoulder
rotation with
Thera-Band®)
and heavy
load eccentric
exercise, both
at home
(n=31)

4 weeks
physiother-
apy based on
Cyriax
massage and
Mill’'s manip-
ulation
(n=10)

Same as EG,
but without
heavy load
eccentric
exercises
(n=30)

VAS (0-10)t

TEFS!

Isometric
strength (with
HHD):

- [sometric
strength at 0°
abd¥

- Isometric
strength at 45°
abd¥

- Isometric
strength at 90°
abd?

- Isometric
strength at
external
rotation¥

- Isometric
strength at
internal
rotation¥

SPADI (0-100)¥

Subjective
perception of
improvement
(in number of
subjects/group):¥
- 0 (no change)
- 1 (very little
improvement)
- 2 (little
improvement)
-3 (some
improvement)
-4 (large
improvement)
-5 (very large
improvement)
Total subjects

7.9

127.94+27.6

71.2+£123

64.7+12.6

829+125

121.7+17.9

42+11

n=14

n=0

n=30

43

239

1543+27.6
(p=0.005)
81.6+12.2
(p=0.001)
78+£12.5
(p<0.001)
96+12.4
(p<0.001)
129+£17.9
(p=0.038)

79

123.24+28

68.2+12.3

63+12.7

83.4+129

119+18.2

443+11.5

[
NS

5.6

258

147.1+27.2
(p<0.001)
835+11.8
(p<0.001)
70+£12.2
(p>0.05)
92.7+12.3
(p=0.002)
125:+£17.2
(p=0.006)

145+117
(p<0.001)

n=0
n=0

None

None
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Table 1 (Continued)

Main author Pathology Previous Intervention Outcome (95% CI) Post- PEDro
(year) duration of treatment Score
symptoms follow-up
Experimental Control Experimental Group Control Group
Group (EG) Group (CG)
Baseline FFU Baseline FFU
Holmgren  Shoulder >6 months 12 weeks 12 weeks Constant-Murley 48.5+15 72.5+19 435415 52.5+23 None 7
etal impinge- stretching, unspecific score (0-100)}
(2012)*°  ment eccentricand mobility 30+ 14 16+15 35+19 29419
concentric exercises for DASH (0-100)*
exercises,as  the neck and 15+19 10+14 20+21 20+25
well as home shoulder, VAS (0-100): 61+22 25+26 66 +20 41427
exercises also with - During rest¥ 46 +28 15+£22 40+30 27 +£27
(n=51) home - During
exercises activity¥ 0.67+0.23 0.82+0.14 0.62+0.23 0.69+0.24
(n=46) - At night 68+15 75+20 62+20 69+21
EQ-5D (—0.59 to
1)f
EQ VAS
(0-100)¥
Soderberg  Epicondylar 1 month 6 weeks using Same as EG, Pain-free grip At mid-term of the study (3 weeks), no significant effect was found for grip strength (p =0.300) or None 6
etal. tendinopa- minimum  aforearm but without strength (Martin isometric extensors strength (p=0.976). However, at the end (week 6), EG subjects improved
(2012)**  thy band, eccentric vigometer, in significantly in both facets (p=0.025 and p=0.0001 respectively). Regarding pain, both groups
warming-up  exercises kPa)* improved significantly (in EG, p=0.001; in CG, p=0.005), although inter-group analysis did not
exercises for (n=19) show significant differences at week 3 (p=0.869) or at the end of the study (p=0.916). In EG, the
wrist Pain-free proportion of cases with lateral epicondilalgia decreased from 100 to 44% (8/18), whereas in CG
extensors and isometric was from 100 to 79% (15/19)
eccentric strength in
exercises at wrist extensors
home (n=18) (Nicholas
myometer, in
kg)!

VAS (0-100)¥

474’4
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Martinez-

Epicondylar

Silvestrini tendinopa-

etal.
(2005)*°

thy

>3 months

In this 6
weeks
follow-up
study,
subjects were
allocated in 3
groups:
stretching
and other
conservative
therapies
(“stretching
group”,
n=33),
stretching
and
concentric
exercises
programme
(“concentric
group”,
n=30), and
stretching
and eccentric
exercises
programme
(“eccentric
group”,
n=31), all of
these as
home
programmes.
Out of total
94 subjects at
the
beginning, 81
completed
the 6 weeks
follow-up
study: 28/33
in the
“stretching
group”, 26/30
in the
“concentric
group” and
27/31 in the
“eccentric
group”

Pain-free grip
strength
(dynamometer)¥
- Stretching
group

- Concentric
group

- Eccentric
group

PRFEQ:¥

- Stretching
group

- Concentric
group

- Eccentric
group

DASH (0-100):¥
- Stretching
group

- Concentric
group

- Eccentric
group

SF-36¥

VAS (0-100):¥
- Stretching
group

- Concentric
group

- Eccentric
group

Baseline
23415
17+£9.7
22+12

37+1.7
38+1.7
33+15

27+14
26+13
25+13

Changes before and after
the study were significant
(p<0.01), as it occurs with
the rest of the results

48 +£21
49+21
46+20

FFU
30+17 (p<0.01)
25412 (p<0.01)
26+ 14 (p<0.01)

1.5+1.6(p<0.01)
1.3+1.8(p<0.01)
12+1.7(p<0.01)

15+14(p<0.01)
17+14 (p<0.01)
16+15 (p<0.01)

Changes before and after
the study were significant
(p<0.01), as it occurs with
the rest of the results

25+£24 (p<0.01)
35425 (p<0.01)
24+24 (p<0.01)

None
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Table 1 (Continued)

a4

Main author Pathology Previous Intervention Outcome (95% CI) Post- PEDro
(year) duration of treatment Score
symptoms follow-up
Experimental Control Experimental Group Control Group

Group (EG) Group (CG)

Baseline FFU Baseline FFU
Wen et al. Epicondylar 4 weeks 14 weeks 14 weeks VAS (0-100)¥ At the beginning, VAS score in EG was 63 & 19, whereas in CG was 61 £ 19. At week 4, pain in EG 6 weeks 3
(2011)°°  tendinopa- minimum  eccentric local decreased significantly an average of 34 points (p=0.01), and 28 points in CG (p<0.01). No
thy exercise modality Grip strength¥  significant inter-group differences were found at any point of the evaluations (start, week 4, week
(n=14) treatments, 8, week 12, week 16, and week 20), except at week 8, when the EG had a significant pain relief,
iontophore- General better than in CG (p<0.01)
sis, US, satisfaction¥
stretchings No significant inter-group differences were found at any point of the evaluations
(n=14)
No significant inter-group differences were found at any point of the evaluations (p=0.84)
Struyfetal. Shoulder 30 days 4-8 weeks 4-8 weeks SDQ (0-100)! 559+14.6 35+14 509+11.9 48.7+11.3 12 weeks 8
(2013)*'  impinge- minimum  manual mobi- eccentric (p=0.006) (p=0.725)
ment lizations, exercise, VNRS (0-10): 5+1.8 39+34
stretching manual - Hawkins¥* 29422 3.9+3
and motor therapy 42429 (p=0.017) 3.8+3.6 (p=0.815)
control (passive - Empty can¥ 1.9+2 3+28
training of mobiliza- 53+2.7 (p=0.003) 5.1+3.6 (p=0.566)
the scapula, tions, friction - Neerf 3.1+£3.1 6+2.1
also at home massage) 2.8+28 (p=0.009) 24425 (p=0.451)
(n=10) and US, as VAS (0-10):1
well as home - During rest 5.7+2.6 13+£15 6.3+1.9 23426
exercise (p=0.264) (p=0.705)
(n=10) - During 51.36+15.79 3+19 62.9+20.75 5142
movement (p=0.004) (p=0.111)
9.14+23 55.79+18.71 89+1.2 74.11+£34.28
Isometric (p=0.542) (p=0.419)
strength (in -94+3.7 -11.1+8.1
Newtons)¥ 103+0.7 92+05
—-3.5+4.5 (p=0.472) -49+54 (p=0.388)
PMI¥
4947 -9.6+2.6 23454 -9.6+4.6
Upward (p=0.895) (p=0.481)
scapular 125+9 -5+4.1 8.7+9.2 —-7+6.5
rotation, in (p=0.554) (p=0.434)
degrees 19.4+12.7 14+3 144+9.6 0.6+4
(inclinometer):¥ (p=0.119) (p=0.193)
- 0° of shoulder 0.42+0.06 9+54 0.42 +£0.07 6.1+3.9
abduction (p=0.218) (p=0.287)
-45° of shoulder 0.31+0.06 193+10 0.34+0.07 10.6+£11.3
abduction (p=0.965) (p=0.340)
-90° of shoulder
abduction 0.4+0.05 0.46 +0.05
-135° of (p=0.386) (p=0.082)
shoulder 0.3+0.05 0.32+0.06
abduction (p=0.703) (p=0.099)
- Maximum
shoulder

abduction
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Nagrale Epicondylar ~14 weeks 4 weeks
etal tendinopa- Cyriax
(2009)°7  thy treatment

and Mill’s
manipulation
(n=30)

4 weeks
phonophore-
sis and
supervised
exercise
(stretching

Acromion-to-
bed distance
(supine, vertical

measurement

with the

Manutan™

calibrator, in

cm):¥

- Relaxed

- Retracted

VAS (0-10)" 8.2 3.16 (p<0.05)
42

Pain-free grip 16.53 (p<0.05)

strength, in lbs

(dynamometer)! 33.66 12.73
(p<0.05)

and eccentric TEFS (0-40)¥

exercises)
(n=30)

8.1

17.33

33.1

5.6
(p<0.05)
28.26
(p<0.05)

21.2
(p<0.05)

4 weeks

6

FFU: final follow-up; ROM: range of motion; DASH: disabilities of the arm, shoulder and hand; DASH2: disabilities of the arm, shoulder and hand optional module 2; DASH3: disabilities of the arm, shoulder and hand referent of
30 questions; VAS: visual analogue scale; SF-36: short-form 36; TEFS: tennis elbow function scale; PMI: Pectoralis Minor Index [(length/height)x100]; HHD: hand-held dynamometer; SPADI: shoulder pain and disability index;

GQL: Gothenburg quality of life; PRFEQ: patient rated forearm evaluation questionnaire; SDQ: shoulder disability questionnaire; VNRS: verbal numeric rate scale; EQ-5D and EQ-VAS are part of EuroQol instrument.

fSignificantly better changes in non-eccentric group.
tSignificantly better changes in eccentric group.
¥No significant differences between groups.
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Table 2

Components and parameters of the eccentric strengthening protocols.

Main author
(year)

Description of the eccentric exercise

Frequency per Duration
week (weeks)

Sets (rest)

Reps

Progression of the intensity

Tyler et al.
(2010)

Peterson et al.
(2014)

Lombardi et al.
(2008)

Svernlov et al.
(2001)

Viswas et al.
(2012)

Maenhout et al.

(2013)

Use of elastic band Thera-Band®, which was twisted using wrist
flexion of the uninvolved limb, slowly allowed untwisting by
eccentric wrist extension with the involved limb. Each contraction
lasted approximately 4 s

Subjects sitting on a chair, forearm pronated on the armrest or on
an adjacent table, holding the handle of the plastic water can with
a clenched fist in pronation and the container hanging freely in
front of the armchair or below the tabletop. Then, eccentric flexion
of the affected wrist, lowering the weight and lifting it back again
with the unaffected arm

The patients used a repetition maximum exercise in which they
performed six repetitions with the maximum bearable weight,
thereby determining the six repetition maximum (6RM).
Multipulley muscle-building equipment was used for the
exercises. To strengthen the flexors of the shoulder, the patient
was positioned with his or her back to the equipment and the
elbow flexed at 90°, performing the flexion movement from 0° to
90°. For the extensors, the patient faced the equipment with the
elbow flexed at 45° and the shoulder at 60° of flexion and 30° of
extension. For the medial and lateral rotators, the patient was
positioned alongside the equipment with the elbow flexed at 90°:
for the medial rotation, the patient started at 45° of lateral rotation
and moved to 45° of medial rotation; for the lateral rotation, the
patient began at 45° of medial rotation and moved to 3° of lateral
rotation. The speed of movement was 2 s for both the eccentric and
concentric phases

Experimental group programme:

1-Warm-up of the forearm extensors and flexors with wrist
movements without any load (2-3 min)

2-Static stretch (15-30s, 3-5 times)

3-Eccentric exercises of the forearm extensors muscles (105s).
Subject in sitting position, elbow in 90° of flexion resting on a
table, holding the dumbbell over the edge of the table

4-Static stretch, as prior to exercise. To be performed once daily
Eccentric exercises were intended to be pain-free. In addition, the
subjects used an elbow band (counterforce brace) during activity
and a wrist support at night

Subjects in sitting position, with full elbow extension, forearm
pronation and maximum wrist extension. From this position, the
patient slowly lowered wrist into flexion for a count of 30, using
the contralateral hand to return the wrist to maximum extension.
Patients were instructed to continue the exercise even when they
experienced mild discomfort and to stop it if the pain worsened
and become disabling

Subjects performed a full can (thumb up) abduction in the scapular
plane with a dumbbell weight at a speed of 5 s/repetition, twice a
day. Starting position of the eccentric phase at full scapular
abduction had to be pain free and, if not, patients were advised to
stretch out the arm at a slightly lower degree of scapular abduction

1.4 average (nine ~7
sessions in total)

3 (30s rest
between sets)

7 (1 time/day) 12 3

2 (2 min rest
between sets)

7 (1 time/day) 12 3

3 (1 min rest
between sets)

1 time/week the 12 3
first 6 weeks, and 1

time/2 weeks the

last 6 weeks

15

15

15

10

15

Whether the patient did not refer pain or discomfort during
the exercise, the elastic band was changed for a thicker one

Initial weight was 1kg (11 of water) for women and 2 kg for
men. Weekly, the weight was increased 1 hectogram (1
decilitre of water)

First set was performed with 50% of the 6RM, and the second
with 70% of the 6RM. Every other week, the 6RM was
re-evaluated. The exercise was interrupted if the patient felt
pain and performed another movement

Initial weight: 1 kg (men), 0.5 kg (women). 10% weight
increase weekly

For whom the eccentric exercise could be performed without
minor discomfort or pain, the load was increased using free
weights based on the patients 10 RM

Conditions:

- During the last set, pain should be more than resting, but no
more than a score of 5/10 on the VAS

- Pain after the exercise should not exceed 5 on the VAS and
should have subsided the following morning

- Pain should not increase from day to day

Whenever the pain was no longer present during the last set,
dumbbell weight was increased with 0.5 kg

144
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Holmgren et al.
(2012)

Soderberg et al.
(2012)

Martinez-
Silvestrini
etal. (2005)

Wen et al.
(2011)

Struyf et al.
(2013)

Nagrale et al.
(2009)

Experimental group programme:

-2 eccentric exercises for the rotator cuff

-3 concentric/eccentric exercises for the scapula stabilizers

-1 posterior shoulder stretch

The strengthening exercises were performed in a determined
number of sets and repetitions (see corresponding column).
Patients were recommended to feel some pain during loading.
After completion of an exercise session, increased pain had to
revert to levels before exercise before the next

With the elbow flexed 70°, subjects seated on a chair with the
forearm pronated resting on a table, with the wrist and hand over
the edge and holding a bucket of water. They were instructed to
place the non-affected hand over the one holding the bucket and
slowly lift it with the non-affected hand, thus avoiding the
concentric phase in the affected arm. With the affected hand
extended, the subjects removed the unaffected hand slowly and
then, counting to 3, lowered the hand to cause a flexion hand
movement. They were told to adjust their resisted weight so that
they were able to perform the prescribed repetitions during
pain-free intervals and, if not, the weight would be decreased

Subjects in a sitting position, elbow flexed, and forearm pronated
resting on the thigh, with the hand hanging over the knee, holding
the resistance band, which was fixed on the floor with the
ipsilateral foot. With the non-affected hand, subject pulled up the
band, lengthening it, in order to make it lax and allow the affected
hand to perform a wrist extension. Then, the band was slowly
lowered from full wrist extension to full wrist flexion

Elbow and wrist of the affected extremity in extension, with
forearm pronated resting on a table, with the hand and wrist over
the edge. The other hand pushed the affected hand to wrist flexion
for 6-8 s, while the affected resisted the force performing an
extension

Subjects in a standing position, holding the elastic MSD-Band with
the affected extremity, they performed shoulder flexion,
extension, internal and external rotation. Subjects were asked to
quickly move in the desired direction and consequently slowly
returning to the starting position. Home exercises were the same
that they did during the supervised therapy session, also with the
elastic MSD-Band

Subjects in a sitting position, with the forearm pronated, elbow
and wrist fully extended. From this position, they slowly lowered
the wrist to flexion, counting to 30, using the other hand to return
the affected to the starting

7 — 2times/day the
first 8 weeks,
1time/day from
week 8 to 12

7 (1 time/day)

7 (1 time/day)

2 (first 2 weeks)
and 1 (for 12
weeks)

Between 1 and 3
(depending on the
subject), for a total
of 9 sessions

12

6

6

14

Between
4 and 8
weeks
(depend-
ing on
the
subject)

4

3 15

2 8-12
3 (2-5min 10
descanso entre

sets)

3 15

3 (2 min rest 15

between sets)

3 (1 min rest 10
between sets)

The exercises were individually adjusted and progressed with
increased external load by using weights and elastic rubber
band at the physiotherapist visits once every other week
during the whole rehabilitation period. The patients were not
allowed to exceed 5/10 on the VAS

The first week, they performed 2 sets of 8-12 reps, 1 time/day.
For the next two weeks, the progression would be twice/day.
From the third week, they would perform 3 sets of 8-12 reps,
twice/day

The appropriate resistance band (light, medium, or heavy) was
determined by a 10-repetition trial. The length of the band was
adjusted so that it was somewhat difficult to perform 10
repetitions. During the initial trial, the length of the band was
marked with a permanent ink marker to avoid variability of
resistance between sessions. Those who performed the
repetitions easily without increasing pain, resistance was
increased by shortening the band in 1-inch increments from
the initial length mark

Initial resistance applied by the non-affected hand had to be
bearable during 3 sets of 15 repetitions. As the pain tolerance
increased, more resistance was applied

Load was increased in terms of gravity, ROM, number of
repetitions, speed and resistance. Whether the subjects could
not correctly perform the exercise or pain was experimented,
the load was not increased

When the exercise was performed without the minimum pain
or discomfort, the load was increased using dumbbells, based
on the top bearable load of each subject in 10 repetitions

Reps: repetitions; VAS: visual analogue scale; ROM: range of motion; RM: repetition maximum.
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& 1095 records identified 33 additional records identified

&= through database searching through other sources

5

: 1 1

I 39 duplicate records |

)

B

s

g 105 records screened » 87 records excluded

7]

z )

= 18 full-text articles * 6 full-text articles

S assessed for eligibility excluded:

= *No tendinopathy (n=1)
*Non humans (n=1)
*Cadaver (n=1)
*Non eccentric

z treatment (n=1)

e 12 studies included in *Non RCT (n=2)

£ qualitative synthesis

Fig. 1. Flow chart of the selection process according to PRISMA statement. According to: Moher D et al.?*

112 out of 120 criteria (k=0.861) and reached consensus on all
criteria.

The 12 selected studies included a total of 668 participants
with clinical diagnoses of epicondylar tendinopathy (n=355)39-37
or shoulder impingement (n=191).23-4! The average number of
participants in each trial was 55.6 (range from 20 to 120; eccen-
tric group mean=25.9; control group mean=28.1) and the mean
duration of symptoms at baseline ranged from 1 to 156 months.

Table 1 gathers the results of the 12 studies included in this
systematic revision. Pain was assessed in all of them using the
VAS (Visual Analogue Scale), except in one study, in which SPADI
(Shoulder Pain And Disability Index) scale was employed. In 11
studies,??-40 pain decreased significantly in the group where eccen-
tric work was employed as therapeutic modality (p <0.05) (in one
of them,? the result is regarding pain in four out of the five
VAS, except during rest); in the remaining study,*' no signifi-
cant improvement within-group was found in the eccentric group
(p=0.71), showing the non-eccentric group (manual mobilizations,
stretching, motor control training) a higher and moderate improve-
ment (p=0.26), but reflecting both groups non-significant changes.
Regarding inter-group changes, in two studies>’#! were signifi-
cantly better for the non-eccentric group (Cyriax massage-Mill’s
manipulation and manual mobilizations-stretching—motor control
training, respectively) (p <0.05 and p =0.046, respectively), except
at 0 week evaluation (right after the first session),>” when no
significant differences were found; in seven studies,>!:32.34-3639,40
significant differences were not registered between groups (in one
of them, 0 the result is regarding pain during rest and activity; in
another,?® the result corresponds to all of the evaluations, except at
week 8); in five studies,30-33.363840 changes were significantly bet-
ter in the eccentric group (in one of them,*° the result is regarding
pain during night; in another,3® the result corresponds to the eval-
uation at week 8). Moreover, two studies used other tools for pain
assessment (apart from VAS): PRFEQ (Patient Rated Forearm Eval-
uation Questionnaire)*> and VNRS (Verbal Numeric Rate Scale).*! In
the first one,?” significant within-group improvements were found
in the eccentric group, although they were not significant between

groups. In the second study,*! within-group changes were mod-

erately better for the non-eccentric group (manual mobilizations,
stretching, motor control training), not being significant in the
eccentric group; regarding inter-group changes, they were signif-
icantly better in the non-eccentric group in one out of the three
evaluated tests (significant in Neer test, not in Hawkins and empty

can tests).
Functional status was assessed in nine studies, with
the DASH (Disabilities of the Arm, Shoulder and Hand)

questionnaire,30-3135.3840 TEFS (Tennis Elbow Function Scale),>337
SPADI,?? or SDQ (Shoulder Disability Questionnaire).*! Regarding
the DASH questionnaire, four studies3%3>3840 showed significant
within-group changes in the eccentric group (p<0.05), and one
study>! reflected little changes, not being significant; in terms
of inter-group changes, two studies®!> did not show significant
differences, and three studies®?3%40 reflected changes signifi-
cantly better in the eccentric group (p<0.05). Concerning the
TEFS, two studies®>37 showed significant within-group changes
in the eccentric group (p<0.05); in terms of inter-group changes,
one study3’ showed moderately better improvements in the
non-eccentric group (Cyriax massage and Mill’'s manipulation)
(p=0.74), and another study>? resulted in significantly better
changes in the eccentric group (p < 0.05). With regard to the SPADI,
one study>? showed significant within-group improvements in the
eccentric group (p<0.001), although between group differences
were not significant. Regarding the SDQ, one study*! reflected non-
significant within-group changes in the eccentric group, but they
were significant in the non-eccentric group (manual mobilizations,
stretching and motor control training) (p = 0.006); in terms of inter-
group changes, they were significantly better in the non-eccentric
group (p=0.025). To sum up, and with regard to within-group
changes, seven studies3?33:3537-40 improved the functionality of
the participants in the eccentric group, and two studies®'#! had
non-significant changes in that group; in terms of inter-group
changes, in two studies were moderately?’ and significantly*!
better in the non-eccentric group (Cyriax massage—Mill’s manip-
ulation and manual mobilizations-stretching-motor control
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training, respectively), in three studies,>!>>39 there were not
significant differences, and in four studies3?33.3840 they were
significantly better in the eccentric group.

Strength was assessed differently in nine studies,0-32.34-37.39.41
distinguishing: strength,2%3! grip strength,323¢ isometric
strength,>?4! pain-free grip strength,3#3>37 and pain-free isomet-
ric strength.3* Tyler3? assessed it in various forms: during wrist
extension, middle-finger extension, and in combination. Signifi-
cant within-group improvements were observed in the eccentric
group during wrist extension and combination strength (p < 0.05),
but not during middle-finger extension (p>0.05); in terms of
inter-group changes, they were only significantly better in the
eccentric group during combined strength (p=0.01), not having
differences during wrist and middle-finger extension. The changes
found by Peterson®! were significantly better in the eccentric
group, both within-group and inter-group (p < 0.05). Grip strength
was assessed in two studies. Svernlév?? found improvements
significantly better in the eccentric group, both within-group and
inter-group (p<0.01 and p<0.05, respectively). Wen3¢ did not
find significant differences between groups. Other two studies
evaluated the isometric strength. Maenhout° found significant
within-group changes in the eccentric group (p<0.05); in terms
of inter-group changes, no significant differences were observed,
except in isometric strength at 90° of shoulder abduction, where
changes were significantly better in the eccentric group (p=0.033).
Struyf*! did not find any within-group changes (both in eccentric
group and non-eccentric group) nor inter-group. Concerning
pain-free grip strength, the three studies>*3°37 showed significant
within-group changes in the eccentric group (p<0.05); in terms
of inter-group changes, they were significantly better in the
non-eccentric group in one study?’ (Cyriax massage and Mill’s
manipulation), no significant between groups in other,?> and sig-
nificantly better in the eccentric group in another one (p =0.025).3*
Soderberg>* also studied the pain-free isometric strength, finding
significantly better improvements in the eccentric group at the end
of the treatment, both within-group and inter-group (p=0.0001).
However, they were not significant in the middle of the study
period.

Eccentric exercise regimens may vary from one study to another
seeking for the best result. Table 2 lists the treatment variables used
by authors treating impingement and epicondylar tendinopathy.
The most common treatment protocol among these studies was
established by Alfredson,*? which consisted of 3 sets of 15 repeti-
tions performed twice daily. Most authors of the selected articles
did not deviate much from Alfredson’s protocol. The total number
of repetitions per exercise never exceeded the original 45, twice
a day, by Alfredson. Additional file 1 includes the supplementary
information extracted.

There is strong evidence for the utility of EE as a therapeutic
tool. There is strong evidence supporting the role of EE in treating
patients with epicondylar tendinopathy and shoulder impinge-
ment. There is strong evidence that EE can produce improvements
for the outcomes pain, functional status, and strength in most of
the studies.

4. Discussion

Our systematic revision focused on the study and search for
evidence about the effectiveness of the eccentric exercises for the
treatment of upper limb tendinopathies. The main finding was the
existence of randomized trials only for two tendinopathies: shoul-
der impingement and epicondylar tendinopathy. Those studying
other tendinopathies, such as De Quervain’s tenosynovitis, had a
low level of evidence (case series, case reports, for example) and
were not included.

In terms of methodological quality, it was generally adequate,
with only two studies®236 scoring less than 5 points on the PEDro
score. Evaluators blinding was generally accomplished, with only
two studies®!3? in which the blinding was not respected, and other
two studies®?3> in which both blinding and evaluator indepen-
dence were not referred.

In most of the studies, the number of included participants was
enough, which was previously determined by statistical estima-
tions. Struyf*! included 20 participants, although a minimum of
46 participants was estimated as necessary to be significant; how-
ever, the power of the study was strong enough (80%). Wen>® and
Viswas>? did not estimate previously the sample size, even though
it could be insufficient (n=14 and 10, respectively).

Regarding the post-treatment follow-up, seven
studies®033-3538-40 did not performed it, complicating the
collection of long-term results. This may influence even more
in those short-term studies, in which the duration constitutes a
limitation itself, probably conditioning the improvement of the
tendinopathy. Martinez-Silvestrini>> developed a 6-week study
with no post-treatment follow-up; despite both groups improved
significantly, no inter-group changes were found, probably due to
the short duration of the study period. Nagrale3” developed a 4-
week follow-up, maybe insufficient due to the short duration of the
study period (4 weeks). All of this, together with the characteristic
“vicious cycle” of the tendon injury,*? may limit considerably the
collection of faithful and closer information to the tendinopathy
reality.

Other aspects, such as the supervision of the exercises in
some studies (home programmes), may constitute a limitation
in its development. Six studies31:3234.35.39.40 hased their strength-
ening programme on exercises to be performed at home may
not have been a proper accomplishment or an adequate tech-
nique. Martinez-Silvestrini> revised the participants’ technique
personally at first and sixth weeks; moreover, they were called by
telephone 2 weeks after the start of the treatment to ensure that
they felt comfortable with the required technique and the intensity
of the exercises, telling them also to write an “exercise diary”, which
was presented by all participants but one, who dropped the study.
Holmgren*? affirmed that, being home exercises, they should be
few and simple to favor the adherence to treatment, as the lack of
time of some participants should be considered; in addition, regular
visits should be carried out by the physiotherapist.

Whether or not eccentric exercises should be performed
with pain remains unclear. Six studies0-31.33.3637.40 developed
eccentric exercises letting the pain play its role, and other six
studies32:3435383941 did not permit pain during the execution
of the exercises; however, positive results can be found in
both cases. Martinez-Silvestrini et al.>> took their previous clin-
ical experience into account to decide that exercises should be
pain-free; according to them, the compliance of the exercises
may decrease when patients experience pain, worsen this situ-
ation whether they are not supervised, and probably losing the
correct technique. Soderberg>* developed a diary exercise pro-
gramme to be performed without pain; in this case, the fact that
the exercises were planned to be done every day may justify
the pain-free point, in order to allow an adequate post-session
recovery and not to limit the participants physically for future
sessions.

Regarding inclusion method, Peterson’' recruited the partic-
ipants by doctors and physiotherapists referral, and also with
newspaper advertisements so that people with potential tennis
elbow symptoms could participate in the study. Although this was
not a random population sample, it may be regarded as a fairly
representative of this type of patient in the general population.
Holmgren*? recruited the participants who were in a waiting list
for surgery; this could limit the validity of the study, although it is
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believed that, in spite of everything, the sample could be represen-
tative.

The lack of general agreement with respect to inclusion and
exclusion criteria may lessen the validity of the studies. Svernlév,32
Viswas,>> Soderberg,?* and Nagrale3? set the pain at palpation of
the epicondyle as a inclusion criteria; the individual participa-
tivity in palpation skills may have lead the inclusion process to
error.

The failure to accurately report exercise protocols and the sub-
stantial variation in exercise parameters made it difficult to assess
the effectiveness of each study’s ability to isolate an eccentric exer-
cise component and provide a progressive muscle stimulus. There
is still a controversy in the literature for the ideal parameters of
the eccentric exercise protocols. The number of sets and repeti-
tions, as well as the number of sessions per week and the resting
time between sets, vary from one study to another. In a simi-
lar vein, eccentric treatment is combined with other therapeutic
modalities in most of the studies, such as stretching, massage, ultra-
sound, orthotic devices, etc. Consequently, the attempt to isolate
the results and evaluate only the effect of the eccentric exercises
becomes complicated.

5. Conclusion

Eccentric exercises are effective for upper limb tendinopathies,
but its superiority against other methods is not totally clear. Further
studies with higher level of evidence on other tendinopathies and
areas of the upper limb are needed.

Methodological quality such as the number of participants
included was generally adequate in all of the studies. However,
the lack of general agreement regarding inclusion and exclusion
criteria may lessen the validity of the studies.

Long-term studies and longer follow-up periods become
imperative, as well as more studies with supervised exercises pro-
grammes in order to fight the possible non-adherence to treatment,
and also to determine the most correct parameters of the eccen-
tric exercise protocols and the inclusion or not of pain during its
execution.

Practical implications

e Eccentric exercise is likely a useful treatment for upper extremity
tendinopathies, but whether it is more or less effective than other
forms of therapeutic exercise is unclear.

e Eccentric exercise may be more effective in treating upper
extremity tendinopathies than any other conservative form
of treatment, but it may need to be combined with an ade-
quate management of the stressful stimulus for the best
outcome.

e Future research should recruit sufficient numbers of subjects and
use valid, and reliable clinical and functional outcome measures
to evaluate therole of eccentric exercise in treating upper extrem-
ity tendinopathies.
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