Achilles Tendinopathy

Beyond Eccentrics

12/14/16

* This session will review the evidence and current knowledge concerning treatment
of individuals with Achilles tendinopathy. Achilles tendinopathy has been reported
to have an incidence of 2.35per 1,000 adults. Gradual loading of the Achilles
tendon has been reported to reduce symptoms and improve lower leg function in
80% of individuals. This session wil address how to implement the evidence-based
rehabilitation  guidelines as well as provide for additional rehabilitative
considerations, particularly in the case of the patient that falls in the 20% of non-
responders. These rehabilitation considerations include length of recovery in
tendon healing, portion of the tendon affected (insertion versus midportion versus
paratenon), and demographics/comorbidities of the tendinopathic individual.
Several other treatment modalities (such as Laser, Shock-wave and injections) have
been proposed to be beneficial in combination with exercise and this session will
review the evidence and utility of some of these. Inaddition, kinesiophobia has
been high-lighted as a possible barrier for recovery of Achilles tendinopathies.
Hence, it might be beneficial to consider psycho-social factors in the case of an
individual who is not responding to an eccentric only program.

Objectives

* Upon completion of this session you would be able to:

« Differentiate between common Achilles tendon pathologies
(insertional tendinopathy, midportion tendinosis,
paratenonitis)

* Identify rehabilitative concerns and prognosis specific to area
of tendinopathy (insertional versus midportion
tendinopathy)

* Assess barriers for response to typical treatment strategies

* Have a better understanding on how to individualize the
rehabilitative plan of care for individuals with different types
of Achilles tendinopathy




Differentiation of tendon
pathology

Not all tendonsand not all people are the same

Jennifer A. Zellers, PT DPT
CSM 2017
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Overview

* Describe the regional differences in tendinopathy
* Between tendons
« Between Achilles tendon regions

* Consider other possibilities in differential diagnosis

« Identify individual differences in tendinopathy

Differences between tendons

Not All Tendons Are Created
Equal: Implications for Differing
Treatment Approaches

JOSPT, 2015




Differences between tendons
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Differences between tendons

Mechanisms of Tendon Injury and Repair

JOrthop  Res, 2015

Proximal to distal regional differences in the
Achilles tendon

Insertion Midportion




Superficial to deep differences in the Achilles
tendon

Contents ists available at ScienceDiree T—
Journal of Biomechanics
Non-uniform displacements within the Achilles tendon observed @ -

during passive and eccentric loading

Laura Chernak Slane **, Darryl G. Thelen

JBiomech, 2014
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Peritendinous structures can hurt, too

Paratenonitis Retrocalcaneal bursitis

Other Diagnoses to Consider

Anomalous soleus muscle

Lower leg compartment syndrome

Os trigonum syndrome

Plantar fasciitis

Posterior tibial stress syndrome

Referred pain from lumbar spine

Stress fracture of the ankle orlower leg
Tarsaltunnel syndrome

« Tenosynovitis or dislocation of peroneal tendons
« Tenosynovitis of the plantar flexorsof the foot
Total Achilles tendon rupture

Tumorsof the Achilles tendon

.

.

.

Silbemagel, 2006




Individual factors and prognosis

Magnan et al,, 2014
Wise et al, 2012
Holmes et al., 2006
Scott et al., 2015

Sex

Genetics - Age

Prog nostic\
risk
Physical
faCtorS \ acﬁvyifv level

Comorbidities

Kinesiophobia BmI
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Sex

Differences between sexesin response to eccentric training (malesobtain greater
benefit) (Knoblochet al, 2010)

.

Nodifferences in 5-year outcomesbetween malesand females (silbemagel et al, 2011)

* Femalesdo not respond as well asmales to surgicalintervention forrecalcitrant
Achilles tendinopathy (Maffulliet al, 2008)

Differences between sexesin tendon microcirculation inindividuals with Achilles
tendinopathy (Knoblochet al, 2008)

Femalesdemonstrate poorer functional outcome compared to males after
Achilles tendon rupture (Silbernagelet al, 2015)

* Femalesreported more symptomsafter surgery for Achilles tendon rupture
(Silbernagel et al, 2015)

Age

* Trend toward increasing age being associated with continued symptomsat 5-year
follow-up (Silbernagel et al, 2011)

* Most casesof Achilles tendinopathy observed inthe 41-60yearage group (de
Jongeetal,2011)

« A study investigating Masters athletes (age range 35-94 years) did not find an
association between age and development of Achilles tendinopathy (Longo et al,
2009)




BMI

* A systematic review by Gaida etal. (2009), reported BMI asa risk factor for
tendinopathy Lnotspeciﬁc toa giventendon) in about half of studies including
BMI as a variable

.

In Achilles tendon rupture, higher BMI associated with poorer outcome on
Achilles tendon Total Rupture Score (Olsson, et al, 2014)

« Higher BMI (25.0+) associated with increased risk of developing Achilles
tendinopathy compared to other foot and ankle disorders (iein et a., 2013)

Individuals with higher BMI are not more likely toundergo non-conservative
management compared to individuals with BMI less than 25.0 (iein et al., 2013)

Men with larger waist circumference and older age demonstrated more
asymptomatic tendon pathology; Women with peripheral fat distribution
demonstrated more asymptomatic tendon pathology (Gaidaet al., 2010)
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Kinesiophobia

* Higher levels of kinesiophobia related to lower levels of work
performed on the heel-rise test (sibernagel et al, 2011)

Physical Activity Level

* Prolonged recovery and increased symptomsin non-athletic individuals after
surgery for Achilles tendinopathy (Maffulliet al, 2006)

* Physical activity related to growth factorsand cytokinesinvolved in Achilles
tendinosis in gender-dependent fashion (Bagge et al, 2011)




Comorbidities

* Corticosteroid use (Blanco et al, 2005)

* Fluoroquinolone use (Chhajed et al, 2002;Van der Lindenet al., 1999)
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Genetics

« Family history of Achilles tendinopathy
associated with increased risk of
developing symptoms (Kraemer et al, 2012)

Collagen disorders (Hayet al, 2013)

Differencesin signalling cascadesthat

increase risk of Achilles tendinopathy (Nell
etal, 2012)
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Insertional Achilles Tendinopathy: biomechanical
considerations and implications for treatment

Jeff Houck, PT, PhD
George Fox University

In Collaboration Ruth Chimenti, DPT, PhD
University of lowa
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Clinical Presentation of Insertional Achilles Tendinopathy

« Illustrative Sample
* Pathology

* ROM

* Strength

* Movement Deficits

(Hu & Flemister, 2008)

Insertional

Combined Sections Meeting, San Antonio,

Who gets Insertional Achilles Tendinopathy
[llustrative Sample

* Not strongly IAT Controls Poval
associated with (n=20) (n=20) HALS
activity (NOT
s to Age (yrs) | 58.6:7.8 | 582:85 | 0.863
’“’;"ers) ésee Age  |Gex 55% female | 55% female | 1.000
and BMI data) Height(m) | 1701 | 17:01 | 0.999

* No gender Weight (kg)| 87.5+17.5 | 87.5£16.0 0.187
preference BMI

" 2 30.4+5.4 27.9+5.3 0.158

« Disability is (kg/m?)

significant VISA-A (%) | 47.6+26.8 | 100.0+0.0 0.001

¢ VISA-A <50 %!

Combined Sections Meeting, San Antonio,




Utility of Ultrasound for Imaging Osteophytes in Patients With
Insertional Achilles Tendinopathy

Chimenti et al, Archives of Physical Medicine and Rehabilitation 2016;97:1206-9

« Detected osteophytes
with US

* Larger osteophytes on
involved side AND
compared to controls

* Association of
osteophyte length and
symptom severity?

Combined Sections Meeting, San Antonio,
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Mechanical Testing of IAT Tissue

Bah et al, J of Mechanical Behavior of Biomedical Materials. 53 (2016) 320-328

* Compression loading may contribute to tendon disease
* How does IAT damaged tendon respond to compression compared to non-

damaged tendon?
a
ol N :;m Compression against bone
it i ol s v et e H ImIII[]“
Zae 1
i imnmnmmﬁ%}} 1
Metaplasia of Tendon
Differentiate into Cartilage Like Tendon

Rounded cells
Increased type Il collagen

e :
Increased GAG content

Ca** Deposits

Combined Sections Meeting, San Antonio,

Ultrasound strain mapping of Achilles tendon compressive strain

patterns during dorsiflexion
Ruth L Chimenti **, A. Samuel Flemister", John Ketz", Mary Bucklin, Mark R. Buckley*,

Michael S. Richards

Region of insertion
OSuperficial

s mpnges o th deep s o the Ache endon nerson,

Chimenti et al, JOR, 2016

DO110.1002/jor.23338




Ultrasound strain mapping of Achilles tendon compressive strain
patterns during dorsiflexion Tendon adapts to handle
Ruth L. Ch:mentl“, A. Samuel Flemister”, John Ketz”, Mary Bucklin, Mark R. Buckley*,

g e compressive load against the
calcaneous
Is there increased compression of the » —
anterior/deep tendon (opposite bone) i - -
In-Vivo, during movement in IAT T e~
Tendons?
Study L 4
W
Sample: 10 IAT, 10 controls Do
[ -

Methods: US elastography
) &
Results: Transverse compressive and I :’; P
axial tensile strain Py T o
P e e ey R
ehimentl et 2t o 20a Sections Meeting, Saratnioy i 7 65—~ o o

DO110.1002/jor.23338
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Altered Tendon Characteristics and
Mechanical Properties Associated With

WHOLE Tendon measurements in

Insertional Achilles Tendinopathy IAT indicate greater compliance
How does In-Vivo WHOLE IAT tendon
respond to tension compared to health 500
controls? AT, uninvolved side
400 /y=290x- 1448
Study = g | Heathyoontrd
« Sample: 20 participants with IAT, 20 age and I ’:Mj"%",
gender matched controls S 200 Tat
invoed side
100 y=176x- 56.)
* Methods: WHOLE tendon passive strain
using US and Dynamometer 0
0 5 10 15 20
* Result: Tendon Strain, Stiffness, .
echogenicity were consistent with increased Tendon Elongation, mm

tendon compliance.

JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY | VOLUME 44 | NUMBER 9 | SEPTEMBER 2014 |
Combined Sections Meeting, San Antonio,

Pathology: Review

Impingement vs Compression vs Tension?

* Impingement: (Chimenti et al, Archives of Physical Medicine and Rehabilitation 2016;97:1206-9)
* Deep side or underside of tendon opposite calcan@ous (cnment:«s. 1ox. 2016 001 10 100271 22226,

+ Compression - Metaplasia into cartilage: (Bah et al, J of Mechanical Behavior of Biomedical
Materials. 53 (2016) 320-328)
* Rounded cells
* Increased type Il collagen
* Increased GAG content
* High prevalence of Ca** deposits (Kang et al, 2012)

* Tension - WHOLE Tendon Behavior: Increased Tendon Compliance to Tension
(Chimenti et al, JOSPT, 44(9), 2014)

Combined Sections Meeting, San Antonio,




Range of Movement: Pathology and ROM?

QClinical Tests of ROM
QANKLE ROM
0 Lunge Testing
Q Foot ROM
Q Talocural Rom
Q Supine DF ROM

UFunctional ROM
Qstair descent
Qi stair ascent

Combined Sections Megting, a8 AMSNP: 5002, jonsson et al, 2008)
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Ankle ROM (knee extended and flexed) e oo

« Lunge Test
« Knee extended (gastroc + soleus)
« Knee flexed (soleus and ankle joint)
* Reliability
(Powden et al Manual Therapy 20 (2015) 524-532)
* Inter clinician MDC = 4.6 degrees/ 1.6 cm

« ntra dinician MDC = 47 degrees/1.9 cm
werage 30.50 degrees ankle DF

+ Supine DF ROM
« Knee straight
- Average 18.1 degrees ankle DF (Moseley et al, Clin Biomechanics, 2001)

+ <5 degrees associated with variety of foot problems
(DiGiovanni et al, JBJS, 2002)

+ ROM Discrepancy
+ Lunge test > Supine DF tests
+ Validity-Athletes Lunge more correlated to activity than Supine DF
« (Dill et al, Journal of Athletic Training 2014;49(6):723-732)

Combined Sections Meeting, San Antonio,

Studies of Ankle Lunge and Supine DF Tests

* Key Points of Methods 3D Motion Analysis
(Foot model)

= 3D Motion Analysis
= Talocurual joint (Calc-Tibia)
* Mid foot (Calc-metatarsals)

* Posi

ns
* Lunge DF (knee extended/flexed)

Lunge Knee
* Supine DF (knee extended/flexed) Extended & Flexed
* Standardized moment{torque)

* Clinical Outcomes
* VISA-A
* VAS Pain
Chimenti et al, JOSPT, 2016

Chimenti et al, Clinical Biomechanics, 2016ombined Sections Meeting, San Antonio,




Supine DF

* Knee extended ~ 15

12/12/16

degrees Fy——— 1waxts Wirn IAT
o A ST e e
* Knee Flexed ~ 22
degrees o 5 e e
el e wa=ansy
* No Differences due |.a™ e e PR »
to AT il wengazn - asca0n
o s-coomany n=sorsian
e e et s o bt
e et

JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY | VOLUME 46 | NUMBER12 | DECEMBER 2016 |
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Lunge Test

~ Table 2
* Knee extended ~ 21 degrees Single-segment and malti-segment kinemaic model motion during the lunge test with
(e knee sraght and with the ke bt

* Knee Flexed ~ 22 degrees n

foot model
« Significant Differences due to e T
IAT with knee flexed (lunge test) ©
Knee straight
Controls 244 (221 213(188 56(4.1 10(-18
023.7) to7.1) t038)
AT 200166 165(131 65032 12(-12
*powered for 5 degrees 10255) 10109) 1099) 036)
) Knee bent
*Pain Conwols  322(287 275 (239 76(56 11(-16
N L . 035.8) t031.1) 1095) 1038)
contribution of midfoot (r=0.81 nr 238176 176 (134 63 (44 02(-24
027.9) 1021.7) 092) 028)

midfoot vs whole foot)

Values are mean (95% confidence interval)

Combined sections MASkISETERH kg g Bomecanis 36 2o16) 10-45

Results

Error Bars: 95% CI | Group
407 [@Control
AT
& 30
o N
=3
34
Q 20+
c
o2
2 10+
5
5]
& B .
oo
- T T T T
Tibial Rearfoot  Forefoot  Rearfoot
inclination DF DF eversion

Combined Sections Meeting, San Antonio, 5




Correlations with Pain and Function: IAT only

Pain VISA-A (%)

Ankle DF as
measured by lunge
test is correlated to
symptoms (VAS

Pain

Pain)

T T T T T
15 20 2 B 35

Combined Sections Meeting, Senga fasidf (degrees)
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Discussion

Gastrocnemius contracture clinical theory
ONot supported
ONo differences in degrees of Static or Dynamic Df

Impingement clinical theory
QSupported

QAT group > % End-Range Df

QDf correlated to pain and function

Foot Movement

OFoot Motion may mater

Combined Sections Meeting, San Antonio,

Range of Movement: Pathology and ROM?

QClinical Tests of ROM
QANKLE ROM
0 Lunge Testing
Q Foot ROM
Q Talocural Rom
Q Supine DF ROM

UFunctional ROM
Qstair descent
Qi stair ascent

Combined Sections Megting, San A
i n

tonip,
B ovanni ot al, 2002; Jonsson et al, 2008)




Functional ROM — Stair Ascent

03D motion analysis variables:
* 2) Stair Ascent Df (°)

« 3) End-Range Df (%) = Stair ascent Df, 100

Lunge test Df
O Association of Df ROM (Dynamic) with clinical variables:
= Pain
= Self-reported Function
JOURNAL OF ORTEQRABINE & 'SBOHGH ERRUEHEIEIAPK | (SAHEME 46 | NUMBER 12 | DECEMBER 2016, |
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Results: IAT vs. Controls

T  Controls P-value

IA
24.8+5.5 | 27.5+5. 0.116

Stair Ascent Df (%)

End-Range Df (%)

Combined Sections Meeting, San Antonio,

Correlations with Pain and Function: IAT only
VISA-A (%)

Dynamic r=0.53 r=-0.53
End-Range (%) |P=0.017 P=0.017

VISAA (%)

T T T T T
o 20 40 50 ) 100

Combined Sections Meeting, San Fnddiaage DF (%)
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Conclusions

QLimited Df was not common for participants with IAT
QEnd-range Df was associated with greater pain and lower function
QCalf stretches

= May aggravate symptoms if prescribed unnecessarily
= Consider non-weight-bearing

QOStrategies to reduce dynamic Df
« Heel lifts, shoewear (slight heel, avoid being barefoot)

Combined Sections Meeting, San Antonio,

Clinical Presentation of Insertional Achilles Tendinopathy

« Illustrative Sample
* Pathology
* ROM

* Strength
* Movement Deficit;

JOURNAL QF ORTHOPAEDIC £ SPORTS PHYSICAL THE] VOLUME 46 | NUMBER 12 | DECEMBER 2016
b O BRI S A R B TR SR TR R RSN ! ! !

Stair Ascent Data

Ankle Power

* Decreased Ankle Power
in patients with IAT
* 25 % decrease

* Correlated to symptom
severity
* VISA-Ar =-0.59; p <0.01
* VAS Pain r = -0.55; p< 0.01

Combined Sections Meeting, San Antonio,




Conclusions

QOsStrategies to reduce dynamic Df
Qimprove push off power
QEccentric control of ankle DF during functional tasks

UGoal: Decrease excessive ankle DF

Combined Sections Meeting, San Antonio,
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Clinical Presentation of Insertional Achilles Tendinopathy

« Illustrative Sample
* Pathology

* ROM

* Strength

* Movement DefICItS Foot Function and Heel Raises?

Combined Sections Me®

Heel Rise Height

AAFD y
* Height N
* Ankle PF
* Mid foot PF e lomsmiieio o

Partar e
Dorsfedon, 0% of stjcts

5SS

A et
[ —
Pt oo

subjcts

atidet e o
Dorsflon, T3 of stjects

JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY | VOLUME 44 | NUMBER 4 | APRIL2014 |
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4 week Foot Exercise Intervention

(Jung et al, 2011)

e
* Doming (Short Foot Exercises) prve o 00

« Seated PT resistance exercise

« Standing trunk/hip rotation against resistance exercise

12/12/16

Influence of Foot Exercise on Function

« Sample: 8 pain free participants
with severe flatfoot (FPI > 6)

Foot Pressure Data

* 4 week Intervention
* “Doming” (short foot)
* PT thera-tube resistance
« Standing trunk/hip rotation

* Outcomes
* Improved foot pressure patterns
* Increased heel rise ability (~28 %)
* Improved foot posture

Combined Sections Meeting, San

Targeted Interventions for Insertional Achilles Tendinopathy

« Activity limitations
* Avoid DF activities (Consider heel lifts and shoe wear to decrease DF)
« Stairs
« Squats
* Hills

* Pathology/Strength - Tissue Remodeling
* Heavy Slow resistance
+ Consider extremely HIGH loads
+ Consider foot specific strengthening

* Movement Deficits
* Integrate strength gains with gait training

* ROM
* No stretching

Combined Sections Meeting, San Antonio,
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Activity Limitations —
Stop or limit Tendon Impingement
* Avoid DF activities Stairs
* Squats

* Hills

* Consider heel lifts

* Modify shoe wear
« Consider high heels?

Combined Sections Meeting, San Antonio,
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Addressing Tendon Pathology

* Pathology/Strength - Tissue Remodeling

* Heavy Slow resistance
+ No benefit of eccentric over heavy slow resistance
* Less pain
« Less reps/greater compliance
« same dlinical effects

* Consider extremely HIGH loads
* Muscle/Tendon unit built for high loads

* Consider foot specific strengthening
* Make the foot a rigid lever
« Ensure COP is distal during push off

Combined Sections Meeting, San Antonio,

Ideas for Gait Training
* Targeting Specific Movement Changes

* Improve Plantar flexion power
+ High rate and high moment plantar flexion activities
« Limit ROM to less than only PF activities

* Focus on eccentric control of DF during gait
« Early heel off is desirable (eliminate late heel off)

Combined Sections Meeting, San Antonio,
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STOP - NO stretching

* ROM
* No stretching

Combined Sections Meeting, San Antonio,

Questions / Discussion

* What challenges/opportunities have you experienced in the
clinic?

Combined Sections Meeting, San Antonio,

It takes a village!

* George Fox University
« Jeff Houck, PT, PhD
+ Student collaborators

* University of lowa
* Ruth Chimenti, DPT, PhD.

* University of Rochester Medical Center
* Mark Buckley, PhD
* A.Samuel Flemister, MD

* Ithaca College
* Students and collaborators

Combined Sections Meeting, San Antonio,
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Classification of Achilles tendon injury

Acute injuries Overuse injuries
Acute \Parﬁal /i
t

o TP D Mioporton

rupture bursitis paratendonitis
Distal idporti
Achilles Midportion
tendinopathy tendinopathy
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Stages of tendon healing

-

I 1 1 1 1
0 days 3 months 6 9 12
months months months

| Remodellingphase |

Rehabilitation phases

= . . .

I 1 1 1 1
0 day 3 months 6 months 9 months 12 months

Recovery phase Return to activity




Tendoninjury and Tendon Function
Changes in mechanical properties and performance
In Symptomaticsubjects

* Tendinopathic tendons has lower tendon stiffness and elastic
modulus (Arya et al JAP 2010, Child etal AISM 2010)

* Altered Achilles tendon viscoelastic properties affect explosve
performance in athletes (Wang etalsiMss 2012)

¢ Altered stretch-shortening cycle behavior during submaximal
hopping (Debenham et al JSMS 2014)

e Triceps surae activation is altered inrunnerswith Achilles
tendinopathy (Wyndowetal. JEK 2013)
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Tendon injury and Tendon Function

Changes in mechanical properties and performance

In Asymptomatic subjects (tendinosis and previous tendinopathy)

* Asymptomatic runners (previous Achilles tendinopathy) exhibit
changes in knee kinetics during running, indicating permanent
changes in knee biomechanics (wiliams et al JOSPT 2008)

* Achilles tendinosis result in a more compliant tendon (chang & Kulig
2015)

* The compliant tendon elicit a series of neuromechanical
adaptations (Chang & Kulig J Physiol 2015)

Summary - Clinical aspects

 Stiffness in tendinopathy is a sensation not a change
in mechanical properties

» Stretching might not be of relevance unless
limitation in ROM (need to know if joint, muscle or
tendon limiting ROM)

* Exerciseis “the medication” but takes time
* Not all overuse tendon injuries are the same

* Changes in tendon mechanical properties affect
function even if no symptoms




Evaluation of Outcome

Kaee Surg Spors Traumatol Arthrose
DOI 10.10070167-0060150.6

SPORTS MEDICINE
Evaluation of lower leg function in patients with Achilles
tendinopathy

Karin Grévare Silbernagel - Alexander Gustavsson -
Roland Thomeé - Jon Karlsson

[ cLiNicAL coMMENTARY }

PP PUPRD.ATCH

Outcome Evaluation in Tendinopathy:
Foundations of Assessment and a
Summary of Selected Measures

JOSPT Tendinopathy issue November 2015
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Outcome measures
B o Patient reported outcome
h’ measures

' * Injury Specific: VISA-A, ATRS
« Joint specific
| * Physical activity
¢ Quality of life

Achilles tendon insertion palpation
Guides progression of exercises




Function and symptoms

Full srmptomatic recovery does not ensure full recovery of
e-tendon function in patients with Achilles tendinopathy

Karin Grévare Silbenagel, Roland Thomeé, Bengt | Eriksson, Jon Karlsson

musci
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Relationship between Symptom and Function

Table | Ehchizs comprng b e e wih
Ry
L .
- g:. 3 Symptom Fully recovered
et .
it Wy . 90-100" points on VISA-A-S
C I R Unction o)
et oW
st TR R
Whitponn 10 ¥
(= le 0 Passed! all strength & 4 patients

Jump tests
(>89%)

Passed 3 patients
4 of 5 tests

Passed 9 patients
3 of Stests

Conclusion

Pain free Full recovery

of muscle-tendon

Asymptomatic function

* Continue with tendon exercise even if symptoms have
disappeared

* Consider tendon loading exercise for prevention

* Again need measure of tendon health or biomarker
for tendon health to continue monitor improvement
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Schematic illustration of pain and tissue damagein oversuetendinopathy (Leadbetter 1992)
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Summary

* Pursue the use of reliable and valid outcome
measures for all aspects (pain, symptoms,
function, tendon health)

* Recovery of symptoms does not mean full
recovery

* Consider changes in athletic performance asan
indication of tendon overuse

Does the tendon know the difference between
eccentric, concentric or slow isotonics exercise?

———{ CLINICAL COMMENTARY }———

PT, PHD™

PhDY PLATC, PrO*
PT,PhD, DScé PTDScH

Eccentric or Concentric Exercises
for the Treatment of Tendinopathies?

Tendinopathy issue
Volume 45, Issue 11 November

2015, Pages 816-965




Exercise for tendinopathy

Many different explanations for successful
treatment with eccentric exercise

Are these explanations for the
effect of the mechanical load
produced by any exercise or just]
eccentric exercise?
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Effect of Physical Stress on Tissue
Adaptation

Death Loss of adaptation
Injury
Increased tolerance \
(eg, hypertrophy) Thresholds for
Physical SRR <ty RS < adaptations E .
e xercise
level
.
Decreased tolerance
(eg, atrophy)
Death Loss of
Copyrignt ©2011 F. A Davis Gompany win fadavis.com
20
«— series elastic element
contractile element
* Total muscle ‘

tension/force
— Passive tension

Tension developed in
passive elastic \ 1
component

— Active tension
Tension developed by The total amount of

the contractile muscle tension is then
components transmitted to the tendon
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Concentric Eccentric
FIGURE . o concenticand bt the anile it Numbers lustate ngihs (nto scale). () Durig concentricheel

rise, the tendon and muscle are initally relaxed. (B) As muscle shortens, force ks generated, causing the tendon to lengthen unti sufficient force has been reached and the heel
begins torise. (C) While muscle shortens furthet the heel continues 1o rise under apprcximately constant force and, due to the constant load, the length of tendon also remains
constant  phase, the heel d scle lengthens, still at force, ndon retains its length. (E) Fnally. the

, tis relaxed and load s remaved. Note that across the schematics, tendon length is determined by the amount of oad carried
independent of muscle kngth.

Couppe’ et al 2015
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Tendon tissue

. . Strain — Rate sensitivity
Parameters affecting loading s

(stress and strain) on the

tendon

* Total amount of load

* Speed of load (viscoelastic
tissue)

* Length of time of load
(creep)

Fast Loading

Slow Loading

STRAIN

When load is applied rapidly]
the tendon tissue is stiffer

Response of Healthy tendons to Load

¢ Acute increase in blood flow and collagen
synthesis (Langbergetal 1999, 2001)

* Long-term effect — tissue hypertrophy and altered
material properties (kongsgaard etal 2009,2010)

¢ Tendon cells respond to mechanical stimuli in
form of strain (Kalson et al2011, Moerch et al2013, Wang 2006)

¢ Cell-culture experiment suggests increased
response with increased strain — but might bean
upper limit (Lavagnino et al 2003, Yang et al2004, Joshi et al 2008)




Response of Healthy tendons to Load

. Loading (Arampatziset al 2007)
— Achilles tendon (equal volume)
— 90% of MVC = 5% strain compared to 55% of MVC =3% strain
— 90% resulted in greater stiffness and cross-sectional area

* Speed and/or duration (Gauvin et a12011)
— Cellular level indicates dynamic load superior to static

¢ In vivo human Achilles tendons

— increased stiffness andsize with low number of loads of long duration
compared to higher number and faster loads (volume constant) (xampatis
et al 2007, 2010, Kubo etal 2001)

* In summary tendon is responsive to loading and will respond
more strongly to greater loads although there is likely an optimum
beyond which load becomes detrimental

12/14/16

Exercise — Concentric compared to Eccentric loading

* No differences in peak tendon force (at same loads) (Rees etal
2008, Henriksen et al 2009)

* No difference in tendon length (at same loads) (Reesetal 2008)

* Anincrease intendon vibration at high frequencies with
eccentric loading which was not found with concentric
loading however modulation quite small compared to the
total load (Reesetal 2008, Henriksen et al 2009)

* Motor unit activation may differ and may produce
difference in load distribution and shear — not likely in

patellar tendon (Henriksen et al2009, Hebert-Losier et at 2012, Reid et al
2012)

Exercise —Concentric compared to Eccentric loading

* In animal models no difference in response with

contraction type as long as sufficient force is applied (carmae
al 2007, Heinemeier et al 2007)

* In humans — concentric knee extension with contralateral
eccentric knee extension (reps, sets, time same but 120%
more load in eccentric) produced similar magnitude of
tendon hypertrophy (rarup et ai2014)

* Summary thereis alack of differential effect of
eccentric versus concentric exercise on the tendon, if
load is similar




The benefit of eccentric exercise in tendinopathy

My perspective

* Good evidence that benefit with eccentric
exercise

* The first studies came at the same time we went
from tenditinis to tendinopathy

» Started to allow pain with exercise which allowed
for loading

* IN SUMMARY IT IS THE LOADING THAT IS OF
IMPORTANCE

12/14/16

Healthy tendon

Overloading

13 | s
Underloading Adequate loading

Exercise —Concentric compared to Eccentric loading

* Deficits in both concentric and eccentric strength
(Silbernagel et al 2006)

* Address other impairments and symptoms
* Time to focus on adjusting loading dosage to the

specific tendon/injury and individual patient not
focusing on muscle contraction type

Just “handing out” an eccentric
exercise program is not appropriate

10



Exercise for tendon injury

The goal of the exercise treatment
— Reduce symptoms

— Improve strength, endurance
and function

— Promote tendon healing

12/14/16

Type of exercise

Muscle contraction
* Isometric
* |sotonic
— Concentric
— Eccentric
* |sokinetic

— Concentric
— Eccentric

Exercise - Treat tendon injury and functional deficits

oand
Frinet

MEDICINE & SCIENCE
IN SPORTS

Eccentric overload training for patients with chronic
Achilles tendon pain — a randomised controlled study with reliability
testing of the evaluation methods

k. crare szt & Thme?] GONtinued Sports Activity, Using a Pain-
e s MlONitoring Model, During Rehabilitation in
Patients With Achilles Tendinopathy

Accepted for publication 15 December 24

A Randomized Controlled Study

Karin Grévare Silbernagel,”'* PT, ATC, PhD, Roland Thomeé,* PT, PhD,

Bengt |. Eriksson,’ MD, PhD, and Jon Karlsson,” MD, PhD

From the 'Lundberg Laboratory of Orthopaedic Research, Department of Orthopasdics,
Géteborg University, Sahigrenska University Hospital, Géteborg, Sweden, and
ISportRehab~Physical Therapy & Sports Medicine Clinic, Géteborg, Sweden

2nd European Conference of Sports
Rehabilitation
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Exercise — Comprehensive treatment protocol

P 7 Exercise program

+ Concentric and
I A . .
LH eccentric loading
W

=% * Divided into 4 phases

Standing on  step

‘{,}4
7“

* Increasing speed of
movement

(SN

Quiek rotouncing
Tos-rase

Eccentic oo raise
Standing on s siep
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Heavy slow resistance training

MEDICINE & SCIENCE

IN SPORTS
Corticosteroid injections, eccentric decline squat training and heavy
slow resistance training in patellar tendinopathy

M. Kongsgaard", V. Kovanen®, P. Aagaard'", . Docssing', P. Hansen', A. H. Laursen', N, C. Kaldau', M. Kjacr',
S. P. Magnusson'

orts Medicine, Bispebjerg Hospital and
23, 2400 Copenhagen NV, Denmark. Tel.

pail: mi11G bbh.regionh.dk
Aceepted for publication 24 February 2009

Slow eccentric-concentric contractions in HSR
Pain was acceptable

Exercise — Pain monitoring model

PAIN-MONITORING MODEL
Numerical Pain Rating Scale (NPRS)

0 2 5 10
No pain Worst pain imaginable

1. The pain is allowed to reach 5 on the NPRS during the activity.
2. The pain after completion of the activity is allowed to reach 5 on the NPRS
3. The pain the morning after the activity should not exceed a 5 on the NPRS.
4. Pain and stiffness is not allowed to increase from week to week.

Hasbeen evaluated in two randomized trials with good outcome

The protective mechanism of pain

12



Training Diary

Name:

Physical Therapist:

Startdate:

Week . N .
M Home exercises Physical activity Comments

Day 1

12/14/16

Standing
plantar flexion

Standing
neutral

Standing
dorsiflexion

Achilles tendon insertional considerations

-

How should exercise delivery be modified?

Load consideration

— Consider total load during the week

— Heavy less often or lighter more often
Response to exercise

— Pain monitoring model

— Important how the response isthe next day
— Training diary

Consider joints above and below

Adjust starting and end position of exercise depending
on injury and response

NMES to stimulate muscle activity

13



Tendinopathy and Sports
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Schematic illustration of pain and tissue damage in oversue tendingpathy (Leadbetter 1992

The problem starts before the “injury”

* Insidious onset —listen to early symptoms
indications

* Training errors contributing in 60-80% of those
with Achilles tendinopathy (arvinenetal. 2005, kvist 1991)

* Greater mileage and running years in injured
runners (Haglund-Akerlind et al. 1993)

a1

Change in performance could be early
indication of tendon overuse

)

Elite Athletes
* Are they perpetual tendon overloaders?
* Low levels of pain related fear? 5

a2
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Achilles tendinopathy
Reinjury/Recurrence Rates

* Return to sports after 12 weeks of treatment —10-
86% (Magnussen etal. 2009)
* Return to sportat 1 year—55-99%

* Reinjury rates of Achilles tendinopathy in football

pIayers 27-44% (Gajhede-Knudsen et al BJSM 2013, Hagglund etal.
AISM 2007)

* Recurrence common and reinjury risk high in elite

football players with short recovery periods (Gajhede-

Knudsen et al. BISM 2013)

3
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| CLINICAL COMMENTARY ]

PTATC, PhO" BAppSc (Physio), PhO?

A Proposed Return-to-Sport
Program for Patients With
Midportion Achilles Tendinopathy:
Rationale and Implementation

November 2015
Tendinopathy Speciallssue

)

Return-to-Sport Program — Achilles Tendinopathy

Factors to consider when planning return to sports
* Tendon healing

* Tendon recovery

* Pain and Symptoms

* Impairments

* Load on the Achilles tendon

* Perceived rate of exertion

Silbernagel & Crossley JOSPT 2015

a5
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Tendon recovery

Achilles tendon loaded 6-12 times body weight with running

If recovery between trainings session are inadequate it might
lead to further injury instead of recovery

Tendinopathy a result of collagen degradation occurring to a
greater degree than collagen synthesis

In humans net increase in collagen synthesisfirst after 37-78
hours after a bout of exercise

Clinical implication
Plan for 3 recovery days between heavy
Achilles tendon-loading activities

12/14/16

a7

Progression of tendon load

Return to play is gradual progression in load

Load on atendon can beincreased by A load or
speed of movement

Walking loads the Achilles tendon 3.5 x body weight

Achilles tendon loaded 6-12 x body weight with
running

Increased speed of running increases the load

a8

Progression of the load

Strike pattern (Almonroeder et al. 2013)

— Rearfoot strike patternloadsthe Achilles tendon less than
forefoot or midfoot

— Using forefoot or midfoot strike pattern added an
additional load of 48 x body weight for each 1.6km

High breaking force during running a risk factor (Loimer

etal. 2014)

— Using shorter steplength could be beneficial

Stiffer running surfaces was related to decreased
injury risk

16



How to individualize the load?

The athlete’s rating of perceived exertion of the Achilles tendon

12/14/16

Scare.
) Nathingat all
05 Very, very weak
1 Very weak
2 Weak
3 Moderate
4 Somewtat strong
5 Strorg
6 "
7 Very strong
8 -
9 -
10 Very, very strong
29
The Classification Schema
Pain level . s
during Pain level The Athlete’s RPE | Recovery days Examples of
Classification L after activity | (with regards to needed i
R activity . activities for
of activities NPRS (0- (next day) the Achilles between 2 runner
10) NPRS (0-10) tendon) (0-10) activities
Light 12 12 0-1 0 days (can. be Walking for
performed daily) 70 min
Jogging on
Medium 23 3-4 2-4 2 days flat surface
for 30 min

Day

Activity

Symptoms/Perceived Exertion
by the athlete

Jogging 30 min + Rehabilitation exercises

Walking 70 min + Rehabilitation exercises

2
3 Walking 70 min + Rehabilitation exercises
| Walking 70 min + Rehabilitation exercises

5
| I Walking 70 min + Rehabilitation exercises |
7 Walking 70 min + Rehabilitation exercises
9 Walking 70 min + Rehabilitation exercises

Walking 70 min + Rehabilitation exercises

Walking 70 min + Rehabilitation exercises

Jogging 30 min + Rehabilitation exercises

Walking 70 min + Rehabilitation exercises

4 Walking 70 min + Rehabilitation exercises
| 16 Walking 70 min + Rehabilitation exercises

17

20

Walking 70 min + Rehabilitation exercises

70 min + Rehabilitation exercises

Walking 70 min + Rehabilitation exercises

| T

Walking 70 min + Rehabilitation exercises

17



Principles of Tendon Return-to-Sport progran

Progressively increase the demand onthe tendon by
controlling intensity, duration and frequency of Achilles
tendon loading

Continue with the rehabilitation exercises (tendon loading)
during the returnto sport phase (and continue for atleast a
year)

Education

— Easiest to educate about this phase when the athlete has a

lot of symptoms

Training diaries

Initiate program early when athlete can perform activities of
daily living with painno higher than 2/10

Take home message

Full recovery of tendon “function” important for
performance and does not directly relate to
symptoms

Treat minor symptoms of tendinopathy early
with “load control” instead of ignoring

Consider changes in sports performance as a
possible sign of tendon overuse

Use the Return to Play program as a model to
individualize for each patient

Delaware Tendon Research Group
STAR Campus, University of Delaware

Thank youl!

12/14/16
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Treatment options for tendinopathy: What is the evidence

Karin Gravare Silbemagel, PT, ATC, PhD
Assistant professor, Department of Physical Therapy
University of Delaware,Newark, DE, USA
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Treatment options
* Deep friction massage
* Ultrasound
* Low level laser therapy 9
* Nitric oxide ()

* Injection therapies /\
* Corticosteroids @ @
* Platelet-rich plasma
» Sclerosing therapy

» Shock-wave therapy
* Eccentric exercise

Deep friction massage

* Mostly used in combination with other
treatments such as exercise and ultrasound

» Often described to relieve pain and/or release
scartissue

» Cohrane review only found two randomized

trials and concluded no consistent benefit
(Brosseau et al 2002)




Ultrasound

* In animal studies ultrasound has been found to
enhance tendon healing
(Jackson et al 1991, Enwemeka 1989)

» Afew clinical studies showing positive results

» Systematic reviews and meta-analyses have
failed to show that active ultrasound is more

effective then placebo (Brosseau et al 2001, Robertson et al
2001) —_— =
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Low-level laser therapy

Indications for reducing inflammation, increasing
collagen synthesis and angiogenesis
(Bjordal et al 2008, Reddy et al 1998, Salate 2005)

Mostly in the animal model

Systematic review indicate conflicting results with 10
high quality studies showing negative results and 10
showing positive results (Tumity et al 2010)

Difficulty comparing studies due to various application
techniques and dosages

May be beneficial as adjunct
eccentric exercise

Nitric oxide

Nitric oxide (NO) is a smallfree radicd
generated by a family of enzymes, the nitric
oxide synthases (NOSs)

In animal models when additiond NO is
added, tendon healing is erhanced

3 RCTs have reported that NO delivered via a
transdermal patch enhances the subjective
and objective recovery of patients

Side effect - sever headache

Results not better then exercise

» Most studies from one group Andres et al 2008

(Andres et al 2008, Yuan et al 2003, Paoloni et al 2004, 2007) 5




Corticosteroid injections ]

N

Used to decrease inflammation due to tendinitis

Today we know rarely inflammatory condition

Adverse effects such as tendon ruptures reported in the
literature

May have initial pain relief

.

Has been shown to have positive short term results

Worse then other treatment options in the intermediate
and long terms

Effects might vary depending on site of tendinobathv

(Coombes et al Systematic review in the Lancet 2010)
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Platelet-rich plasma injections - PRP

Blood with high levels of platelets (Foster et al 2009)

Platelets contain growth factors important for healing

Positive results on animal studies

Systematic review regarding use in tendinopathy found only three
studies with adequate methodology and none of these found positive
effect (de Vos et al2010)

Systematic review concerning use for patellar tendinopathy concluded
PRP was safe but not better than other treatments (Liddle and Rodriguez-
Merchan 2014)

Recommendation  from International Olympic Committee Consensus
meeting is to proceed with caution in the use of PRP in athletic sporting
injuries. (Engebretsen etal2010)

.

Shock-wave therapy
Used to give pain relief and to promote tendon healing
The underlying mechanismis not clear
Published trials vary greatly inintensity, frequency and duration

Best results for calcific tendinopathy (Andres et al 2008, Rompe et d
1998)

In the elbow not better then control (Andres et al 2008, Haake et al
2002)

For Achilles tendinopathy is was better then just rest but equal
to eccentric exercise (Rompe et al 2007)

Another study reported shock-wave nat better
then sham shock wave (Costa et al 2005)

Possibly better for insertional problems




Exercise — Eccentric exercise

Systematic reviews indicate that exercise
(eccentric) have the most evidence of effectiveness

12/14/16

(Kingma et al 2007, Magnussen et al 2009, Woodley et al 2007)
No adverse effects

Side effects are improved strengt
and function

Initial treatment but takes
3-6 months

Summary

« Be careful with new treatments prior to having results from
randomized clinical trials

The treatment effects may vary depending on the site of
the tendinopathy

 Avoid corticosteroids

« Exercise most evidence and recommended as first
treatment

All treatments recommend exercise as well

» Shock wave therapy might be beneficial

Injection therapies need to be further studied

» Be aware of side effects

Tendon injuries take time to heal need to remember there
is no quick fix

» Expect 3-6 months for achieving full healing

.

.
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Learning Objectives

— After this session, you will be able to:

= Identify the relevance of kinesiophobia in relation to achilles
tendinopathy

* Understand the treatment principles of reducing kinesiophobia
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Pain
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Specific fear
What do patients with

achillestendinopathy
fear the most?

w0 Karolinska
* 3 Institutet

Terminology
Pain-related fear Fear of movement Kinesiophobia
Asmundson® etal, 1996 A Vlaeyenetal, 1993 Korietal, 1990
Incorporates fear of pai aspecific fear of movement - an excessive, irrational,

fear of imjury, fear of
physical activity and s0
forth,

and physical activity that is ~ and debilitating fear of
(wrongfully) assumedto  physical movement and
cause reinjury. activity resulting from

feeling of vulnerability to
painful injury or reinjug




mediating role of self-efficacy

No disuse
Injury Increased functioning
Less depressed mood
Disuse
Disability
/ Depressed mood
Avoidance
Confrontation
( Painful experiences [
Low functional self-efficacy High functional self-efficacy
. +
i
/ '
* High pain-related fear Low pain-related fear B
(catastrophizing and fear (catastroptizng and foarof |
of movement) ===~ _ _ ;

The fear-avddae md|
with the mediatngre d -
efficacy Vieye d d.,19

Woby et al, 207
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What do we need to understand?

= How can we identify
fear at an early
stage?

= What can we do
about it?

What measure to choose? Karolinska

nstitutet

F ] [ Kinesiophobia ]
movement

Anexcessive,

Pain
related fear

i
H

A specific fear of
nd

There is no »

of original

ivity

injury, fear of definition to be

physical activiy found neither in (wrongfully)

and so forth :m ;:rlu]s by assumed 10 cause
ether ct al einjury *

nor by Waddell

J S J

Identified 4 : \V4 \V4 N/ \
S e Fear of Pain Fear-Avoidance No one T

lampa Scale for

Questionnaire Bel identified Kinesiophobia
(FPQ) Questionnaire (TSK)
(FABQ)

Fear-Avoidance
Scale (PASS) of Pain
Questionnaire

- ANV J
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Review Article
Pain-Related Fear: A Critical Review of the Related Measures

dbers! . Grimby Ek

Things to consider when you
select a measure:

= What do you want to measure?

What do you want to use it for
(Screening, assessment, evaluation)

Its quality
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Responsiveness - How can | use the
responses in clinical practice?
= Patients improving >8 scores (Smallest detectable change)
on the Tampa Scale for kinesiophobia are likely to increase
their physical ability (LUning-Bergsten et al, 2012)
it
The prevalence of kinesiophobia — nstiiute

overuse conditions




Achilles tendinopathy

= Dr Silbernagel has
found a negative
correlation between
kinesiophobia and
heel-rise work
recovery at five

years follow-up
(Grévare-Silbernagel et al,
2010).

Achilles tendon rupture

= Nicklas Olsson and his co-workers found a negative correlation
between kinesiophobia and functioning 12 weeks after an
Achilles tendon rupture (Olsson et al 2012).
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What to do about fear?
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Exposure-based Treatment of Chronic Pain

PAIN-RELATED
EAI

Cognitive operational principles

based on extinction of Pavlovian
conditioning

cognitive process, fear is activated
and catastrophic expectations are
challenged and disconfirmed

A preparatory phase of intensive
pain neuroscience education

Exercise therapy can address
movement-related pain memories
by applying the ‘exposure
without danger’ principle

Therapists should try to decrease
the anticipated danger (threat level)
of the exercises by challengri{'\g the
nature of, and reasoning behind
their fears, assuring the safety of
the exercises, and increasing
confidence in a successful
accomplishment of the exercise

Principles appliedin various context

DO1 101786512891 01612035

Use of the PREPARE (PREhabilitation, L
Physical Activity and exeRcisE) program to
improve outcomes after lumbar fusion

surgery for severe low back pain: a study

protocol of a person-centred randomised
controlled trial
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Example of intervention — CBT - based

Session 1 (1 hour) Session 2 (1 hour) Session 3 (1 hour) Session 4 (L hour)  |[Session 5
Person-centred analysis | Educational session Cognitive - behavioural | Goal setting after  ||(30 min - 1 hour)
of functioning experiment surgery Booster session
Aim
Aim To increase the patient’s | |Aim Aim Aim
To perform an analysis to ||\, jedge regarding pain | [To challenge the [To enhance the To detect fear
(dentify the patient’s land the association patient’s cognitions and | |person’s self-efficacy ||avoidance beliefs and
ability to stay active between activity-related  ||feclings regarding related to their short. [|increase the person's
[despite pein behaviours and performing physical | time goal and self-efficacy in
Techniques underlying motives for | [activity despite pain | formulate two goals of | relation to his/her
wCognitive interview | |these behaviours, and to | jwhile conducting a functioning after goal of functioning
Modified PHODA form an individualized  ||behavioural experiment |surgery after surgery
“Homework health plan
eldentifying psychological Techniques Techniques Techniques
sk factors Techniques «Follow-up of ~Follow-up of «Cogpitive interview
+Follow-up of homework || homework and goal || homework and goal || sFollow-up of goals
«Pain education «Cognitive behavioural ||+Goal settin ~Enhance self
+Goal setting experiment ~Enhance self-efficacy || efficacy
«Homework +Homework
. . D 0 . >
12 weeks before 8weeks before 6 weeks before 4 weeks before 2 weeks after
surgery surgery surgery surgery surgery
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