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Objectives

 Review science of tendon responses to load

 Update on current best evidence for treatment of tendinopathy

 Myths of passive/palliative treatment for painful tendons

 Case Studies
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Tendinopathy and Overuse Injuries

 Injuries are caused by improper ability of the body to manage load intensity
and volume

 Strains- Acute overload/Inability to take intensity

 Tendinopathy- Chronic overload/Inability to take volume

 Tendon Injuries estimated at 30-50% of all sports injuries

 50% among endurance athletes

 6% of sedentary individuals

 Achilles Tendinopathy estimated at 55-65% of all Achilles’ tendon disorders
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Tendon Functions: Force Transmission 
and Energy Storage

 Normal Tendon

 Regular Collagen Fibers

 Minimal Vascularity

 Spindle Shaped Tenocytes

 Tendinopathy

 Disorganized Collagen Fibers (Type III)

 Neovascularization & Neuronal ingrowth

 Round Tenocytes

 Abundant Ground Substance

Xu, Y et al “The Basic Science of Tendinopathy”
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Tendon Response to Loading Types
Cyclical

Bodyweight, jumping, running, cycling

TENDINOPATHIC/CATABOLIC 
CASCADE

 Increased angiogenic factors 
(VEGF)

 Increased matrix 
degradation (MMP family)

 Increased inflammation (IL-
6, COX-2)

 Increased cell rounding

*DOES NOT OCCUR THROUGHOUT 
ENTIRE TENDON

Mechanical
Weight training

PROTECTIVE/ANABOLIC CASCADE

 Increased GH (collagen 
synthesis)

 Increased endostatin

 Increased fibril density

Kjaer, M et al. From mechanical loading to collagen syntheses, 
structural changes and function in human tendon. Scand J Med Sci
Sports 2009; 19:500-510

.

.



Mechanical Loading and 
Collagen Synthesis

Proposed Mechanism: 
Integrin signaled when under strain, release of 
collagen mRNA and TGF-β-1 and (type I and III), 
new collagen synthesized.
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Exercise concepts to consider when 
treating tendinopathy
 Tendons do not like compression and/or too much Stretch-Shortening Cycle (SSC)

 Tendons are highly responsive to mechanical loading 
 Increased Stiffness after resistance training

 No change in stiffness with light loading, even when matched for volume (Heinemeyer & Kjaer, 2011) 

 Chronic, habitual loading is needed for tendon adaptation

 Slower response in procollagen expression in females following exercise (Kjaer et al 2009)
 Estrogen?

 An effective training program should apply a high loading intensity over a longer duration 
(>12 weeks)
 Collagen synthesis

Human tendon adaptation in response to mechanical loading: a systematic review and meta-
analysis of exercise intervention studies on healthy adults
Sebastian Bohm, Falk Mersmann and Adamantios Arampatzis* (Bohm et al. Sports Medicine - Open (2015) 1:7)
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Applying the Science to Tendon Injuries

The Continuum Model of Tendinopathy (Cook and Perdum)
 3 Current Theories of Pathoaetiology

 Collagen disruption/tearing model

 Inflammatory model

 Tendon cell response model

 Classification

 Reactive

 Tendon Disrepair

 Degenerative

 Reactive on Degenerative

Revisiting the continuum model of tendon
pathology: what is its merit in clinical 
practice and research?

Cook JL, Rio E,
Purdam CR, et al. Br J
Sports Med 
2016;50:1187–1191.
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Collagen Disruption Tearing Model

 Oldest and most open to challenge

 Normal collagen fibers cannot tear in vivo without substantial alterations in 
non-collagenous matrix

 Collagen tearing and remodeling does not occur as a result of loading

 More of fiber kinking/loosening of collagenous matrix
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Inflammatory Model

 Classic inflammation observed after tendon laceration

 Large immune cell and tenocyte response

 Inflammatory cells are observed in pathologic tendons but not in traditional 
inflammatory response

 Increased cytokines have been reported in overuse tendinopathy but the presence 
isn’t supporting inflammation is primary driver of tendon pathology (ie 1.5x 
increase in response vs 1,000-10,000 fold increase in traditional inflammatory 
response)

 Inflammation may reflect tendon cell signaling in response to mechanical stimuli 
alteration in tendon synthesis and degradation
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Tendon Cell Response Model

 Tendon Cell Response Model

 Tenocyte responsible to maintaining extracellular matrix in response to 
environment

 Tendon load changes will be sensed and result in cascade of response

 Cell activation, proteoglycan expression and change in collagen type

 Explains tendon adaptation to compressive loads, direct blows, or chronic overload

 Understimulation of the tendon cell due to lack of loading may play a role in 
degenerative tendinopathy

 Degenerative tendons have mechanically silent regions unresponsive to load

 Lack of tendon cell response may explain limited reversibility of degenerative tendinopathy
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Normal Tendon

Degenerative Tendinopathy

Reactive on Degenerative Tendinopathy

Adaptation

Strengthen

Optimized Load

Reactive Tendinopathy

Excessive 
Load

Modified Load

Mechanically Compromised 
Tendon

Unloaded

Optimized 
Load

Excessive Load
Individual Factors
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Reactive Tendon

 Non-inflammatory proliferative response in the cell and matrix

 Occurs with acute tensile or compressive overload

 Results in short term adaptive thickening of a portion of the tendon

 Will either reduce stress (force/unit area) in increasing CSA or allow adaptation to 
compression

 Results from acute overload (burst of unaccustomed physical activity)

 Differs from normal tendon adaptation  tendon stiffening, little change in 
thickness
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Tendon Dysrepair

 Describes the attempt at tendon healing similar to reactive tendinopathy but 
with greater matrix breakdown

 Chronic overload (months or years)

 Increased number of cells results in marked increase in protein production

 Results in separation of collagen and disorganization of the matrix

 More focal and matrix changes more varied than in reactive stage

 May have increase in vascularity and neuronal ingrowth

 Some reversibility is possible with load management
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Degenerative Tendon

 Areas of cell death due to apoptosis, trauma, or tenocyte exhaustion

 Areas of acellularity, large areas of the matrix are disordered and filled with 
vessels, matrix breakdown, and little collagen

 “islands” of degenerative pathology within other stages of tendon pathology and 
normal tendon

 Little capacity for reversibility

 Clinically  focal swelling and pain, repeated bouts of tendon pain

 97% of tendons that rupture have degenerative change
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Clinical Presentation

Reactive
 Younger (15-25 years)

 Rapid onset, generally related 
to load

 Load substantially exceeds 
tendon’s previous exposure

 Easily aggravated by exercise,   
slow to settle

PAINFUL

UNCOMMON

Reactive on 
Degenerative

 Older adult (40-60 years)

 Past history with load related 
exacerbations

 Onset after overload
   
 Variable swelling

 Less irritable

PAINFUL

VERY COMMON

Degenerative
 Older (30-60 years)

 Long history of minimal 
symptoms

 Variable swelling and 
lumps/bumps

 Unloading strategies or atrophy

NOT PAINFUL

COMMON

NOT SEEN CLINICALLY
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Two clinically relevant stages

Reactive/Early Dysrepair: early disrepair, can be reversed

Late Dysrepair/Degenerative: Late disrepair, not reversible

• Remember that not ALL the tendon has pathology

• Can have islands of pathology amongst normal tendon
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Figure 4 Schematic representation of how we may phenotype patients with tendinopathy in relation to the continuum and target treatments. 
The aim of treatment is to push the tendon into the green section with relatively little pain and good function. Tendon structure can be
normalised in the early stages of the continuum where rehabilitation can push the tendon ‘up the continuum’. In the latter stages of the 
continuum, ‘moving up the continuum’ may not be possible, so interventions should be focused in ‘moving the tendon sideways’. It is 
important to note that interventions directed solely at pain will not drive the tendon to a positive outcome as they do not address 
dysfunction, such as motor inhibition, strength and power deficits, or tendon load capacity. Interventions that target structure may improve 
tendon structure and direct the tendon ‘upwards along the continuum’; however, it will not address functional deficits (effect on pain is 
inconclusive) or load capacity and may leave the tendon vulnerable to reinjury.

“Revisiting the Continuum Model of Tendon Pathology, What 
is its Merit in Clinical Practice and Research (Cook, Rio, 
Purdam & Docking, 2016) Br J. Sports Med
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Treatment Strategies Utilizing Load 
Principles and The Continuum

 Isometrics

 Eccentrics (Gold Standard)- Alfredson Protocol

 HSR Heavy Slow Resistance- Beyer Protocol
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Isometrics

 Isometric exercise : 5x45 seconds with one minute rest intervals

 Showed decreased pain 45 min after compared to no change with isotonics

 Able to implement during season

 Good for Reactive Tendons

 Mid-Range Contractions
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The Gold Standard: Eccentrics

 Alfredson Protocol

 3x15 Reps, unilateral, slow 3 second contra
5 minute rest between exercises

 2 exercises

 Achilles:

 Heel Drops off step knee straight 

 and knee bent

 Twice daily

 7 days/week

 12 weeks

ction, 2 minute rest between sets, 

.

.



Heavy Slow Resistance (HSR) 
 Beyer Protocol
 3 times/week

 3 second concentric and eccentric (6s total) contraction

 2-3 min rest between sets

 RPE of 8 on last 2 reps

 Protocol

 Week 1   3x15 rep max (RM)
 Week 2-3 3x12 RM
 Week 4-5 4x10 RM 
 Week 6-8 4x8 RM
 Week 9-12 4x6 RM

 3 2-legged exercises (Achilles Program)

 Heel rises with bended knee in seated calf machine

 Heel rises with straight knee in leg press machine

 Heel rises with straight knee forefoot standing on weight with barbell on shoulders

.
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Eccentrics vs. HSR

Eccentrics
 Increase in collagen production

 78% training compliance (time?)

 80% patient satisfaction (20 of 
25) at 12 week f/u

 76% patient satisfaction (19 of 25) 
at 52 week f/u

Heavy Slow Resistance Versus
Eccentric Training as 
Treatment
for Achilles Tendinopathy
A Randomized Controlled Trial

Heavy Slow Resistance

 Increase in collagen production

 92% training compliance

 100% patient satisfaction (22 of 22) at 12 
week f/u

 96% patient satisfaction (21 of 22) at 52 
week f/u

Beyer et al. Am J 
Sports Med Vol. 43, 
No. 7, 2015
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http://blogs.bmj.com/bjsm/2013/07/23/tendinopathy-rehab-progression-part-1/
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Where do Palliative 
Treatments fit in??

What about all the quick fix treatments 
that your patients are going to ask about?

Ultrasound

Lasers

Massage

Stretching

Theraguns

IASTM

Dry Needling

Cortisone Injections

Prolotherapy

.
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A tendon under rest will get mushy 
(Wolff’s Law/Davis’ Law)

 Why are you choosing a modality?

 Increased blood flow?

 reactive tendons are already full of fluid (neovascularization and neuronal ingrowth)

 Prolotherapy, stem cells, ultrasound, massage, any manual treatment you can think of….

 To reorganize the alignment of fibers and fascia?

 “In the case of fascia lata, a predicted normal load of 9075 N (925 kg) and a tangential
force of 4515 N (460 kg) are needed to produce even 1% compression and 1% shear. Such
forces “are far beyond the physiologic range of manual therapy” (Chaudhry, et al)

 IASTM, foam rollers, active release techniques

 Static Stretching creates compression (provocative, may make it more reactive?!?)

 Because everyone else is doing it?

 Dry needling?

 Collagen Synthesis?

 Lasers?

 Guns?

 Integrin signaled when under strain, release of
collagen mRNA and TGF-β-1 and (type I and III), new
collagen synthesized.

.

.



Hole in the Donut Concept

 There is nothing wrong with incorporating your 
individual “bag of tricks” into treatment but don’t 
get lost in the noise

 If you want your patient to “Buy In” to the current 
best evidence (STRENTHENING) EDUCATION is key

 Stress the importance of incorporating the correct 
protocol for the closest stage in the continuum
most of their tendon is in and get the patient to 
commit to it for the long haul (at least 12 weeks) 
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Journal of Athletic Training 2014;49(3):422–427 doi: 10.4085/1062-6050-49.2.09 by the National Athletic Trainers’ Association, Inc
www.natajournals.org

Fluoroquinolones and Tendinopathy: A Guide for Athletes and 
Sports Clinicians and a Systematic Review of the Literature
Trevor Lewis, MSc, MCSP*; Jill Cook, PhD†

Key Points
 Tendinopathy can be a complication of treatment with fluoroquinolone antibiotics and usually 

is linked with 1 or more synergistic factors.

 Achilles tendon is affected in 95% of cases

 Symptoms of fluoroquinolone-related tendinopathy can present within hours of starting 
treatment or up to 6 months after ceasing treatment, and recovery can be slower and require 
a less aggressive approach early in rehabilitation than for other types of tendinopathy.

 Treatment with fluoroquinolones should be discontinued and treatment with a nonquinolone
antibiotic should be considered in patients who present with tendinopathy.

 Patients prescribed both fluoroquinolones and corticosteroids had a 46-fold greater risk of 
Achilles tendon rupture than those taking neither medication (Khaliq and Zhanel, 2003)

 Clinicians, athletes, athletic trainers, and medical support teams should be aware of and 
alert to the potential adverse effects of fluoroquinolones.
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Review
 Strengthening is protective for our endurance athletes’ tendons

 Reactive Tendons don’t like compression or too much Stretch-Shortening-Cycle 
(SSC)—accommodate for these until tendon is no longer reactive and has better load 
capacity

 MD’s: Provide modifications for compression (*see next slide), refer to PT, set appropriate 
patient expectations for exercise and time

 This is not going to get better overnight!

 Has the patient taken any Fluorquinolone antibiotics in the last 6 months??

 HSR may be beneficial over Eccentrics

 Start with eccentrics first on untrained athlete

 Isometrics in mid-range for painful/reactive tendons and in-season

 Treat the Donut, not the hole  

PTs, ATCs, Strength

MD, PT, ATC, Coach, 
PATIENT/ATHLETE

.
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Case Study #1

• 42 year old female

• Referred by Orthopedic Surgeon

• Insidious onset of painful Left Achilles for 6+ 
months

• Is now also noticing some pain in right 
Achilles and plantar surface of left 
calcaneus/plantar fascia

• Onset around August 2017

• Works long shifts standing as Vet Tech

• Has had to modify work shifts due to 
pain

• Enjoys riding horses

• Has had to stop due to pain

• Notable history: 

• admits to taking 2 separate courses of 
antibiotics in May/June 2017 for 
Kidney infection (Cipro)

• Left ACL Reconstruction (2015)- never 
finished PT or gained full flexion ROM 
(105 degrees)
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Case 1: Clinical Observations

• Tendon thickening and fusiform swelling

• Atrophy in left calf musculature

• Unloading strategies/limp with gait

• Knee PROM: right 0-130, left 0-105

• Ankle Dorsiflexion: right 10, left 0

• Negative Thomas squeeze test

Diagnosis on Continuum?

Treatment Plan?

.
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Case 1: Reactive on Degenerative Tendinopathy 
(with history of fluoroquinolones)

 Heel lift in shoe

 Isometrics in mid range

 AROM exercises for ankle/foot but not sustained static stretching

 Left knee mobility and lower kinetic chain strengthening

 Progress to HSR once tendon not reactive

 Expect longer recovery: Female and history of Cipro/insidious onset of tendinopathy

 Does she have some other tendons involved: right Achilles, plantar fascia???

 “Move the tendon up the continuum”

.
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Case #1 Follow Up- 4/23/18

 Reports able to work one 12 and one 15 
hour shift over weekend with NO PAIN

 Started HSR at home, no pain with 2 
legged heel raises

 plan: progress to Alfredson
Protocol/eccentrics this week as tolerated 
at floor (shorter range more effort)

 Start to wean out of one of the 2 heel 
lifts in shoe

.
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Case #2

 68 year old male

 Self referral/PCP

 Slip and fall off stair 12/27/18

 Abrasion/contusion Achilles and lower calf

 No pain, just difficulty walking faster speeds or taking long strides

 Sometimes cramping outside of shin

 Noted atrophy medial calf

 Able to play golf and no limitations with ADL’s and light household duties

.
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Case #2: Degenerative tendinopathy with 
partial or complete Achilles tendon rupture

 Trial of PT/conservative management

 4 months post-injury

 Isometrics

 Heel lift?

 4-way ankle strengthening

 “Shift the tendon sideways”

.
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Thank You!

email: Crista@nevpt.com

Phone: 775-784-1999

.
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