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Goals and Objectives Why tendons?

. . * Tendons saves energy
* Describe the purpose of tendons and how this relates to

function and injury risk * Improves explosive power

* Review the pathophysiology of tendinopathy
* Review how tendon injury affect tendon and muscle
function

* Controls movement

* Describe and review the difference between tendon injury
in the midportion versus the osteotendinous junction
* Review the effect of exercise as treatment

Various types of tendons Tendonstolerance to load

* Tolerate tensile forces better than tensile with
compressive forces

* Tendon susceptible for injury in areas where
compressed around bone




Classification of Achilles tendon injury

Acute injuries Overuse injuries

TN

. Midportion
rupture Distal " aratendonitis
bursitis

| Distal Midporti
Achilles Aoriea "

tendinopathy tendinopathy

3/30/16

|
Tendinopathy

Classification of tendinopathies

Bonar’ s modification of Clancy’s classification of tendinopathies

* Tendinosis
* Tendinitis/ partial rupture
* Paratenonitis

e Paratenonitis with tendinosis
(Puddu et al 1976, Josza & Kannus 1997, Khan et al 1999)

Tendinopathy —tendon structure

Collagen fibers thinner and loosely

Scott et alJOSPT Tendinopathy issue

November 2015,and reprinted from arranged
— g * Increased amount of proteglycans
Clinical Sports Medicine
* Increased water content
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Schematic illustraton of pain and tissue damagein oversue tendinopathy (Leadbetter 1992)

Tendinopathy: Update on Pathophysiology
Scott et al. JOSPT 2015

CriNicaL FEATURES oF TENDON INJURIES

Clinical Feature Classification

Time Acute, less than 4wk
Subacute. 510 12 wk
Chronic, greater than 12 wk
Acute on chronic

Tissue affected (more than 1can  Tendon

be aflected) Enthesis

Paratendon
Tenosynovial sheath

Additional features

suggesting inflammation (tenasynovtis, paratendonits)
Calcication (primary or dystrophic)

of inflammatory enthesits)
Bursiis some will commuricate with tendon sheath)
Adjacent structures (eg, underlying joint pathology)
Degroe of tissue disnuption on Grade 1, less than 10%
cross-section at any site Grade 2, 10% to 50%
Grade 3, greater
magnetic resonance maging)

famiy )

eto)
Medical conditions.

Stages of tendon healing

= .

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

Repair phase

| Remodelling phase |
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Risk factors — the individual Risk factors - Medications
» Adiposity - 1 BMI (risk factor for both upperand lower Tendon pathology caused by medications may present
extremity tendinopathies) similarly to anoveruse condition
* “Nintake of cholesterol resultin impaired Type | collagen — - -
T ducti P P ge ¢ Statin-induced tendinopathy * Fluoroquinolones
roauction
P . . . — Considered fairly rare — Ciprofloxacin, levofloxacin
° SmOkmg — resultsin worse tendon hIStObgy — Main location is Achilles tendon — Estimated rate of
e Diahetec — Median time of onset is 10 months tendinopathy is 0.5-2%
Dy (o (S By O D) ey — 1/3is rupture — Mainly Achilles tendon
ASSOCIATED NDON PATHOLOGY (40% rupture)
Site Typically Affected Examples of Medical CondRtions ¢ Corticosteriods — Onset is acute (8 days)
Md porion e tumors, infectons, storage o — Can impair local collagen synthesis — Greater risk in >60 years
e e ~ Decrease tensie strength
Enthesis Psoriasis, gout, pseudogout, di
Tendon sheath Rheumatoid arthritis, infections, tumors
Effect of Age — similar to disuse Tendoninjury and Tendon Function
*  Change in mechanical properties with age Changes in mechanical properties and performance
*  Decreased % water In Symptomaticsubjects
. Increased risk of tendon rupture after 30y/o

«  Turnover rate of collagen decrease with age which has a negative effecton * Tendinopathic tendons has lower tendon stiffness and elastic
recovery modulus (Arya et al JAP 2010, Child etal AISM 2010)

. Exercise can counteract the changes that occur with age . . ) ) A
* Altered Achilles tendon viscoelastic properties affect explosve

Age as it relates to shear modulus in Achilles tendinosis pe rformance in athletes (Wang et alSIMSS 2012)

—~ ~ * Altered stretch-shortening cycle behavior during submaximal
= hopping (Debenham et al JSMs 2014)

Shear Modulus
Symptomatic Side (kPa)

- e Triceps surae activation is altered inrunnerswith Achilles
tendinopathy (Wyndowetal. JEK 2013)

Age (years)

Tendon injury and Tendon Function Delaware Tendon Research Lab - Establish Tendon Healt

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)

Viscoelastic map
N

* 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)

17 Cortesetal. 2015, Suydam et al2015 NIH R21 AR067390
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Tendon injury and performance
Pilot data
* Mechanical properties evaluated with elastography in
patients with Achilles tendinopathy

* Total work done on the heel rise test correlated significantly
with theghear modulus on the symptomatic side (r=0.78)

/\

Tendon injury and Muscle function

1 Physiol 593.15 (2015) pp 3373-3387

3373

The neuromechanical adaptations to Achilles tendinosis

Yu-Jen Chang and Kornelia Kulig

Division of Biokinesiology and Physical Therapy, University of Southern California, Los Angeles, CA, USA

Key points

* Achilles tendinosis is a localized degenerative musculoskeletal disorder that develops over a
long period of time and leads to a compliant human Achilles tendon.

* We demonstrate that the compliant Achilles tendon elicited a series of adaptations from
different levels of the human | hasth ! don i i
CNS control and other muscles in the lower leg.

© These results illustrate the human body’s capacity to adapt to tendon pathology and provide

the physiological basis for i ion or ion strategies.

Tendon injury and Muscle function

Chang & Kulig J Physiol 2015

* Tendinotic group
— History of unilateral Achilles tendinopathy lasting more
than 2 weeks
— Absence of pain during walking and running
— Confirmed mid-substance tendinosis, 2mm greater A-P
dimension
* Measured tendon structure, mechanical properties
(stiffness), electromechanical delay, preactivation
and relative muscle activation

Tendon injury and Muscle function

Chang & Kulig J Physiol 2015

Onthe injured side

* Decreased tendon stiffness

* Increased electromechanical delay
* Greater pre-activation

* Decreased co-contraction

The unilateral Achilles tendon involvement affected the
neuromuscular control on the involved side but not the
uninvolved side.

| Up-regulated CNS control
Up-regulated feedback control
Altered feedforward control

Protective Muscle Activity
Decreased agonist activity
Increased synergist activity

Decreased antagonist activity

Prolonged Electromechanical Delay

A © Degraded ——
8 8 Mechanical Properties _—
s
ES Disorganized

= Morphology

Figure 1. Conceptual framework
Effects of Achilles tendinosis on its mechanical properties, muscle-tendon interaction and CNS modulation

Chang &Kulig J Physiol 2015

Function and symptoms

Full srmptomctic recovery does not ensure full recovery of
muscle-tendon function in patients with Achilles tendinopathy

Karin Grévare Silbernagel, Roland Thomeé, Bengt | Eriksson, Jon Karlsson
Be J Sports Med 2007,000:1-5. doi: 10.1136/bjsm 2006033464




Relationship between Symptom and Function

Toble 1t ize comporng basebo e resehs i
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(>89%)
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3 of Stests
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Conclusion

Pain free Full recovery

of muscle-tendon

Asymptomatic function

* Continue with tendon exercise even if symptoms hawe
disappeared

* Consider tendon loading exercise for prevention

* Again need measure of tendon health or biomarker
for tendon health to continue monitor improvement

Osteotendinous junction

Insertional considerations

Standing
plantar flexion

Standing
neutral

Standing
dorsiflexion

Osteotendinous junction
| RESEARCH REPORT }
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Altered Tendon Characteristics and
Mechanical Properties Associated With
Insertional Achilles Tendinopathy

Force, N

Tendon Elongation, man

FIGURE 3. Force elongation curve for pilot work in
which tendon mechanical properties were examined
from 30° of PF to maximurm DF; The points on each
curve correspond to force and elongation at 10*

of DF and 10° of PF (ie, methods used in current
study). Stifiness i the slope of the corresponding line:
ighiighted in bold on the linear equations. The curves
tepresent the data for 1 healthy male and 1 male with
unilateral IAT. Abbreviations: DF, dorsiflexion; IAT,
insertional Achilles tendinopathy: PF, plantar flexion.

Greater echogenicity related to symptom severity

Figure 4: Age related to shear modulus limb symmetry index (LSI) (n=12)

Shear Modulus LSI
s
e

Spearman’s tho = -0.643
0.6 P=0024

Age




Bone - tendon
* Increased compression of tendon with increased dorsiflexion
(both achieved with ankle movement and squatting).
* Decreased with heel lift

* Consider exercise which minimize excessive stretch and
compression

* Gait training often benéficial in insertional Achilles
tendinopathy
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Exercise - The effect of loading and on tendon

* Responds by becoming larger, stronger more resistant to
injury (Kannus et al 1997)

» Exercise increases circulation and increases collagen
synthesis intendon (Langberg et al.1998,1999, 2000, 2001, Kjaer 2004

» Adaptive response slower than muscle

Load

Figure6.11

Effects of Immobilization

Effects of immobilization

— SAID principle: specific
,,,,,,,,,,,,,,,, adaptation to imposed demand
— immobilization:
* decreases tensile

Normal strength and stiffness

stress

* causes contractures
— effects of immobilization canbe

minimized if tendon/ligament is
elongated when immobilized
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Overloading

Underloading “Adequate loading

Eccentric exercise treatment

* Systematic reviews indicate that ‘ @
eccentric exercise have the most ‘ )

evidence of effectiveness

(Kingmaet al 2007, ,Magnussen et al 2009, Wood ey et al {
2007) Y

* Consensus that all patients should \ ‘\\ \\G

initially be treated with an @\Q

exercise program for 3 months

(Alfredson &Lorentzon 2000, Kader et al. 2002, Alfredson
2003,Rompeet al.2007) Copyright ©2011 F.

Does the tendon know the difference between
eccentric and concentric exercise?

——— CLINICAL COMMENTARY ———

PT, PHD™ PLATC, PD*

PhD
PT, PhD, DScé PT, DS

Eccentric or Concentric Exercises
for the Treatment of Tendinopathies?

JOSPT
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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?

What is the difference between concentrid
and eccentric muscle contraction?

OfTEtTTe Eccentric

Concentric

Muscle tension

* Total muscle
tension/force

— Passive tension

+— series elastic element
contractile element

parallel elastic element

Tension developed in
passive elastic \
component

— Active tension

Tension developed by
the contractile
components

The total amount of musde
tension is then transmitted

to the tendon

Muscle force

Muscle length-tension relationship
Muscle has the ability to
( \ generate greater forcein
! eccentric contraction for
the same muscle length
(use the passive elastic
pr— components)

contraction

-~
Isometric e
contraction ¢

, ( \
)
<
’
Concentric \
contraction

Muscle length

This is not the same as to say
just because you are
contracting eccentrically the
force produced is greater

Exercise — Concentric compared to Eccentric loading

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

* No difference in tendon length (at same loads)
(Rees et al 2008)

* Reduced EMG activity during eccentric contraction
compared to concentric but patients with

tendinopathy relatively greater %
(Henriksen et al 2009, Hebert-Losier et at 2012, Reid et al 2012)

Exercise — Concentric compared to Eccentric loading

* Anincreasein tendon vibration at high frequencies
with eccentric loading which was not found with
concentric loading (Reeset al 2008, Henriksen etal 2009)

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

* Time to focus on adjusting loading dosage to the
specific tendon/injury and individual patient




Exercise for tendon injury

The goal of the exercise treatment

— Reduce symptoms

— Improve strength, endurance
and function

— Promote tendon healing
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Rehabilitation of tendons

The tendon load can be increased two ways:

* Increase the external ”
load

* Increase the speed
of movement

Type of exercise

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

— Concentric
— Eccentric

Exercise - Treat tendon injury and functional deficits

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-
| Monitoring Model, During Rehabilitation in
| Patients With Achilles Tendinopathy

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

Rehabilitation phases

1 1 1 1
3 months

0 day 6 months 9 months 12 months

| Rebuilding phase |

Recovery phase




Exercise — Comprehensive treatment protocol
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Heavy slow resistance training

MEDIC
IN SPORTS

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

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

“nstitute of Spo
. De

orts Medicine. Bispebjery and
bjerg, Bakke 23, 2400 Copenhagen NV, Denmark. Tel.

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

The pain is allowed to reach 5 on the NPRS during the activity.
The pain after completion of the activity is allowed to reach 5 on the NPRS
The pain the morning after the activity should not exceed a 5 on the NPRS.

B wo =

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

Training Diary

Name:

Physical Therapist:

Eccentric drop
exercise or eccentric

Muscular control  retchexercise

1\

Y

y

Startdate:
;“_‘k Home exercises Physical activity Comments
Day 1
news
Insertional considerations
Standing

plantar flexion

Standing
neutral

Standing
dorsiflexion
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Intrinsic musculature

Stabilize the toes

+ Dynamic supporters of the arches
» Important to activate/exercise intrinsic muscle when foot

injuries
Lumbricals and interossei help flex MTP and extend IP joints

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 is the 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

Summary - Clinical aspects
Not all tendons are the same
Not all overuse tendon injuries are the same
Consider individual risk factors (age, disease, meds)
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)
Exercise has an effect but takes time
Changes in tendon mechanical properties affect function
even if no symptoms

Funding sources

Swedish National Center for Research in Sports
Swedish Research Council

Delaware Biotechnology Institute

University of Delaware Research Foundation
NIH R21 AR067390

4 U.S. Department of Health
and Human Services
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Delaware Tendon Research Group
STAR Campus, University of Delaware

Thank youl!
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Tendinopathy — Does one size fit all?
Karin Gravare Silbernagel PT, ATC,PhD
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