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Manual Purpose and Intent
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This manual produced by the U.S. Olympic & Paralympic Committee (USOPC) provides
evidence-based education on tendinopathy management to both clinicians and high-
performance personnel. Whether already well-versed in tendinopathy or simply seeking to
establish a baseline of knowledge, this manual should provide both contemporary and clinically
relevant information. Additionally, an extensive list of references is included for additional
reading where needed.

This manual will cover tendon anatomy and physiology, the pathophysiology of
tendinopathy, conceptual load management theories, as well as nutritional and time-loss
considerations for the athlete. The manual concludes with tendon-specific rehabilitation
sections that aim to provide the reader with practical approaches to managing common types of
tendinopathy in high-performing athletes. As this manual is updated, additional resources will
be included, via hyperlinks and QR codes where applicable, to provide additional information.
These will link to short-form video and media to further enrich the experience of the reader.

The recommendations included within this manual, particularly specific protocols and
exercises for certain tendinopathies, are intended to be a guide. The authors acknowledge the
information included within this manual may not capture all the individual considerations
surrounding a case of tendinopathy. As with any good protocol, the authors appreciate the value
of the provider’s expertise and clinical reasoning. Given that each athlete is unique with respect
to injury history, sport demands, and responsiveness to both modalities and exercise
programming, it is recommended that the care team of an athlete take an individualized

approach when implementing the recommendations within this manual.
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Anatomy and Physiology of the Tendon

Take Home Points

Tendons are crucial in linking skeletal muscles to bones, facilitating force transmission, enabling
movement, and contributing to joint stabilization.

The primary cellular unit in tendons is the tenocyte, which is responsible for synthesizing and
maintaining connective tissue. Collagen, predominantly Type I, forms the majority of the
tendon. Different collagen types with unique structures exist in specialized areas, and the
structure of each type determines its functional properties.

Tendons are hypovascular and hyponeural. The limited blood supply and metabolic rate of

tendons decreases their healing rate compared to other soft tissues.

Tendons represent anatomical structures responsible for linking skeletal muscle to bone,
thus facilitating the transmission of force to the skeletal system and enabling movement. They
also play a crucial role in joint stabilization and the management of potential energy,
particularly elastic energy, during kinematic processes.! The connection point between a tendon
and bone is identified as the osteotendinous junction or enthesis. This junction may take the
form of fibrous or fibrocartilaginous structures. In fibrous forms, collagenous tissue directly
attaches to the bone, whereas the more common fibrocartilaginous enthesis consists of
uncalcified fibrocartilage, calcified fibrocartilage, and bone, and serves as a transitional zone
between the tendon and bone.2-4 The specialized connection between the muscle and tendon is
known as the myotendinous junction, where collagen fibers become deeply integrated into the
myocyte structure of the skeletal muscle via finger-like projections, incorporating the contractile
protein actin5 and structural proteins such as laminin and dystrophin.® This integration permits
the tensile force transfer of contractile proteins directly to the collagen fibers of the tendon.

The basic cellular unit of tendons is predominantly the tenocyte. Tenocytes are the
primary mediators initiating the intra- and extracellular signaling cascades that regulate
collagen remodeling in response to mechanical stress.” In addition to tenocytes, ongoing
research has revealed the existence of several other cell types, including undifferentiated
stem/progenitor cells.9 These cell types are primarily responsible for synthesizing and
maintaining the collagen content of the tendon. The microscopic structure of tendons contains
several fibrillar collagen types (collagen that can be aggregated into highly ordered structures -

primarily Type I, I, IV - and distinguished from filamentous collagen). Although 28 vertebrae
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collagen types have been identified,° the most abundant type in tendons is collagen Type I,
which can constitute up to 80% of the tendon’s dry mass.'*2 Other collagen types have
specialized functions dictated by their unique structures and, thus, are located in varied
anatomical structures (Table 1).

Table 1. Primary and specialized functions of the most common human collagen types.

Collagen Structure Primary Anatomical

Type Location

Type I Most typically a heterotrimeric Skin, bones, tendons,
helix of Type 1 a1 and Type 1 a2 and ligaments.4

strands. Homotrimeric
structures have been observed in
tumors!3 and other
pathologies.*°

Type 11 Homotrimeric helix of Type II Articular (hyaline)
a1 strands. cartilage.’s
Type I11 Homotrimeric helix of Type III Structural component of
a1 strands. major organs, vessels,
and wound healing.

Secreted by fibroblasts
thus aiding in scar tissue
formation.®

Type IV Heterotrimeric helix of Type IV Basal lamina.”
a1-a6 strands.
Type V Homo- and heterotrimeric helix Commonly present with
of Type V a1, a2, and a3 strands. Type I collagen,
dermal/epidermal

function, placenta,
parachymal organs.'8

Collagen consists of subunits called tropocollagen, formed by single-stranded peptides
known as alpha (a) chains (preprocollagen), which are assembled into a triple-helix polypeptide
called procollagen.® The addition of hydroxyl groups to specific amino acids on the pre-
procollagen permits covalent cross-linkage.20-2! Critically, this hydroxylation depends on vitamin
C as a cofactor; in vitamin C deficiency, the hydroxylation of proline and lysine is limited, thus
hindering collagen synthesis, which may result in conditions such as scurvy.22 Once in the
extracellular matrix (ECM), the triple-helix structure is trimmed by peptidases creating
tropocollagen, which is subsequently organized into parallel systems via sidechain linkages,
forming collagen fibrils up to 500 nm in diameter.23 Fibrils are then aggregated to form tendon
fibers, the smallest visible unit of the tendon (Figure 1). Fibers are aggregated into sub-fascicles
encased in a thin connective tissue network (the endotendon). Further bundling (fascicles and
tertiary bundles) builds the larger tendon structure, surrounded by the epitendon, facilitating
the nerve, vascular, and lymphatic supply.** Some tendons, such as the Achilles and quadriceps
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tendons and other tendons that are anatomically straight, attach to bone and permit a large
degree of motion, can have an additional connective tissue layer (the paratenon), which encases
the tendon structure, and assists in extra-tendon tissue interactions. Some tendons, such as at
the rotator cuff, lack a paratenon or synovial tendon sheath.24 The epitenon and paratenon are
termed the peritenon and can experience pathological states such as peritenonitis (inflammation

of the peritenon).

amino acids chains

Collagen Fibers

Collagen Fibrils

Collagen Molecules

(triple helices)
Figure 1. Tendon hierarchy illustrating amino acid chains, the triple helix, collagen molecules,

collagen fibrils, and collagen fibers (image obtained from Shutterstock.com).

Tendons tend to be both hypovascular and hyponeural. Blood vessels serving the tendon
originate from both the myotendinous and osteotendinous junction, as well as a vascular
network around the paratenon, which can penetrate deeper layers of the tendon.25 The mature
tendon tissue consists primarily of extracellular components, have a low metabolic rate and,
therefore, do not require a large vascular supply. This, in turn, limits the rate of healing
following insult compared to other soft tissues.2¢ Neuronally, the limited sensory nerve fiber
endings within the tendon can detect changes in tension, pressure, and pain. Specialized sensory
receptors (i.e.,Golgi tendon organs) are found at myotendinous junctions, monitor changes in
tension and are responsible for inhibitory reflex arcs,?” although excitatory and inhibitory
supraspinal tracts also contribute to this action.28

Collagen synthesis following mechanical loading results from a cascade of intracellular
signaling pathways, including via integrin-linked kinase and mTOR (mammalian target of
rapamycin).29 Other pathways, such as the ERK1/2 signaling cascades, and a number of growth
factors, including insulin-like growth factor-1 (IGF1), transforming growth factor b1 (TGFb1),
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and connective tissue growth factor (CTGF), also appear to be critical for tendon growth (see
Magnusson and Kjaers° for review). In response to injury (e.g. tendinopathy), collagen fibrils
tend to appear unorganized,3* which may be a result of increased water content and
vascularization, leading to an increase in cross-sectional area.3° Innovative research utilizing
atmospheric levels of [4C] suggest that tendon collagen is continually developed until
approximately age 17, after which collagen synthesis is relatively dormant for the remaining

lifespan unless the tendon is injured.32
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Basic Science and Conceptual Load

Management Theories of Tendinopathy

Take Home Points

Originally proposed in 1996, Dr. Scott Dye’s Envelope of Function is a theory that represents the
functional capacity of a specific joint in accepting, transferring, or dissipating load.* The Physical
Stress Theory, published in 2002, proposes a similar model expanded to represent all biological
tissue.?

A tissue progressively loaded over time will demonstrate a higher envelope of function,
suggesting the tissue is better able to withstand and tolerate load.* Conversely, a tissue without
exposure to regular load will atrophy and become less tolerant of physical stresses.2

A 2-to-3-fold increase in tendon collagen formation peaks around 24 hours post exercise and
remains elevated for 70 to 80 hours.34 In addition, the degradation of collagen proteins post
exercise also increases.4 After 72 hours, the net effect of these competing factors ends in a net
positive of synthesis. Without sufficient rest (24 hours) post exercise, there may be a net loss of
collagen that leaves the tendon vulnerable to injury.5

Although different theories exist, the onset of symptoms associated with tendinopathy (i.e., the

“metabolic tipping point”) is thought to indicate late-stage tendinopathic disease.®”

In clinical practice, monitoring training load provides performance and medical staff an
opportunity to potentially estimate individualized injury risk. Over the last several decades of
sport, a considerable amount of focus has been placed on better understanding the relationship
between load and injury.%° As a result, coaching staff are better informed and able to finely tune
practice volumes and intensity.

The Physical Stress Theory, first published in 2002, states that changes in the relative
level of physical stress cause a predictable adaptive response in all biological tissue.2 Physical
stress is the force, or load, acting on a given area of tissue.2# This theory proposes that tissues
accommodate to physical stresses by altering their structure and composition to best meet the
mechanical demands of routine loading.2 Deviations from an individual’s routine loading,
whether it’s the addition or removal of load, provide a stimulus to tissue adaptation.2

The “adaptive capacity” of a tissue, when exceeded, results in tissue injury or death.2 The
term adaptive capacity has been described across multiple different publications with

synonymous naming such as “tissue capacity” or the “Envelope of Function.” Regardless of the
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preferred name, a tendon is at full capacity when it can be used to perform functional
movements at the required volume and frequency (typically in sport) without exacerbating
symptoms or causing injury.”* When a tissue’s capacity is exceeded, either in volume or training
intensity, pain or injury may arise. Thankfully, tissue capacity can be improved with progressive
and appropriate loading (i.e., rehabilitation and strength and conditioning).

This concept was described in Dye’s Envelope of Function.! This theory attempts to
represent the tissue capacity of a specific joint or tissue in accepting, transferring, or dissipating
loads. In this model, one can consider the frequency and magnitude of load applied to a tissue.
Naturally, various activities will carry different load profiles, exposing a tendon to a variety of
stresses.! Imagine a theoretical example of the envelope of function for the Achilles tendon of a
healthy, young athlete. One can consider activities such as walking 10 km to have a high
frequency of loading but a relatively low magnitude of loading on the Achilles tendon, whereas 2
hours of soccer have a relatively larger magnitude load — however, both activities exist below the
envelope of function.

One can now consider the impact on the same tendon following rupture and subsequent
surgical repair — namely, that the envelope of function becomes greatly diminished following
injury. Consequently, activities that were previously well tolerated now would exceed the new
envelope of function and may be more challenging and symptomatic. Of course, in this example,
the Achilles tendon can be reconstructed, and following extensive rehabilitation, the envelope of
function can be improved again. This model serves as an excellent conceptualization of the basic
rehabilitative management of tendinopathy.

An injured tendon with a low envelope of function must be mechanically loaded to adapt.
Rehabilitative exercises, or strength programming, should occur at loads marginally above the
envelope of function or in the supraphysiological overload zone. For intended adaptations (e.g.,
improved strength, improved tolerance) to occur, tissues must be stressed in a specific
manner.'2 Should the load applied be less than the envelope of function and fall into the zone of
homeostasis, rehabilitative benefits or performance improvements generally will not occur.
Whilst not always quantifiable, clinicians and practitioners should be constantly evaluating and
updating their conceptualization of an athlete’s envelope of function, attempting to load the
athlete or specific tissues within the zone of supraphysiological overload. In turn, the desired
compensatory physiological adaptation is reached without overextending the load into the zone
of structural overload where athletes are less likely to show positive adaptation and may
experience exacerbations in symptoms.

As these theories imply, tendons are metabolically active in their response to loading.'3:14

From a biological perspective, applying mechanical load to tendon results in an upregulation of
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collagen expression and increased synthesis of collagen protein in both animals and
humans.3515 This increase in collagen expression is likely regulated by the strain applied on the
tenocyte, which is the resident fibroblast of a tendon.5 Fibroblasts are diverse mesenchymal
cells that assist in tissue homeostasis and disease through the production of complex
extracellular matrix and creation of signaling niches through both biophysical and biochemical
cues.'® After exercise, a 2 to 3 fold increase in collagen formation peaks around 24 hours post
exercise and remains elevated for 70 to 80 hours.3#4 There is also an increase in collagen protein
degradation post exercise;+ however, the end result is a net positive synthesis after 72 hours.5

From a molecular perspective, exercise results in an increase of mRNA levels and in
tissue concentrations of growth factors such as insulin-like growth factor (IGF-1), transforming
growth factor B (TGF-[3), connective tissue growth factor (CTGF) and interleukin (IL)-6.5 IGF-1
is known as a key regulator of collagen synthesis,7'8 while TGF-f3 and CTGF stimulate
fibroblasts.9 Habitual loading, of which the majority of athletes participating in sport are
exposed, will result in a higher rate of collagen synthesis in the basal state due to the constant
effect of the previous 24 to 48 hours.2° Without sufficient rest (24 hours) post exercise, net loss
of collagen may occur that leaves the tendon vulnerable to injury.5

Interestingly, recent publications have described the repair capacity of a tendon to be
deeply linked to its complex physiological interplay between an “intrinsic compartment” and
“extrinsic compartment.”2-23 The intrinsic tendon compartment comprises the fibrous collagen
core and the extrinsic tendon compartment consists of the surrounding synovial-like tissues.2'-23
In chronic tendinopathy, Snedeker & Foolen propose that a progressive accumulation of
intrinsic tissue damage occurs until the tendon core reaches a “metabolic tipping point.”® They
speculate that the tipping point is reached when the metabolic demands of the tendon core
exceed the available nutrient supply of the normally avascular core.®24 From here, the extrinsic
tendon compartment is recruited by the tendon core to assist in organ / tissue remodeling,
possibly driving additional recruitment of vasculature and nerve supply to the tendon core,25
both of which are observed commonly in chronic tendon disease. Snedeker & Foolen further
propose that until the metabolic tipping point of a tendon is reached, the patient may be entirely
pain free. The tipping point marks the moment that intrinsic repair mechanisms are
overwhelmed and that the neovascularization and ingrowth of innervation contribute to typical
symptoms seen in tendinopathy.®

Carbon-14 ([*C]) bomb pulse testing, a specialized type of testing used to date organic
materials by measuring the elevated levels of [*4C] in the atmosphere caused by nuclear weapon
testing between 1955 and 1963, has determined the bulk of collagen matrix in a healthy human

Achillies tendon core is essentially a permanent structure that is laid during height growth with
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limited turnover in adults.2® A more recent publication by Heinemeier et al, using the same
carbon dating method, suggests that substantial collagen renewal occurs in the tendinopathic
tendon.” Similar to Snedeker & Foolen’s work, Heinemeier et al. suggested that symptoms of
tendinopathy may represent a very late stage of a tendinopathic disease process, or possibly that
a high collagen exchange could be a risk factor for tendon disorders rather than the sequalae of
tendinopathy itself.”

The clinician should seek to understand tendinopathy management not only from a
conceptual load management model, but also from a basic science perspective as well.57 An
appreciation from both angles ultimately helps to guide initial evaluation and rehabilitative

programming that compliments the daily, weekly, and monthly demands of the athlete.
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Tendon Injury Prevention

Take Home Points

The majority of general injury prevention strategies appear to also have benefits for tendons
(dynamic warm-ups, tailored exercise programming, load management strategies).

Some studies exist that have specifically evaluated injury prevention programs for site-specific
tendinopathies (proximal hamstring, patellar, and Achilles tendons). While results are mixed,
there appears to be a protective benefit with tailored exercise programming.

Passive therapeutic modalities tend to have little scientific evidence of preventing tendon injury
(Iow level laser treatment, iontophoresis, phonophoresis, therapeutic ultrasound, deep friction

massage, or general massage).

Muscle power output and efficiency during contractions are dependent on the
interaction of the muscle with its mechanical environment.* Muscle tissue interacts with bone
through the muscle-tendon interface, which is an anatomically specialized region involved in the
efficient transmission of force,? in turn, producing motion. Tendons can store 400 to 1,800
times more elastic strain energy per unit mass than muscle,3 making their function and health
paramount in sport and activities of daily living. This energy storage and release significantly
decreases the energy needed to produce movement.4
Dynamic Warm-Ups

Physical performance tends to decline with lowered body and muscle temperature.5¢ In
relation to the tendon specifically, lower temperatures generally increase the stiffness of
tendons,” likely affecting compliance of the tendon. In both training and competition, a warm-
up routine has been suggested to be critical in increasing preparedness for subsequent effort and
maximizing performance.8 Exercise selection for a warm-up should be sport-specific, promote
flexibility, exert enough effort on the musculoskeletal system to raise body temperature, and
prime the connective tissue and nervous system.9 Although there are a range of specific and
theoretically sound coaching philosophies, a shorter warm-up period of 10 to 15 minutes
appears to result in better explosive performance than traditional warm-up routines currently
used in sport.° In passive transitions longer than 15 minutes (e.g., athletes waiting upon entry
into the game, returning to the field of play after a half, period, etc.) a 2-minute short-term

explosive task allows the recovery of performance levels achieved during an initial warm-up.®
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Tailored Exercise Programming

In addition to the implementation of dynamic warm-ups in sport, tailored exercise
programming is a popular intervention to ideally decrease the incidence of tendinopathy.
Although some data suggests that prophylactic eccentric training and stretching increases the
risk of tendon injury,* other cohort studies have shown tailored exercise programming to
reduce injury risk of patellar tendinopathy by 51%."* A sport-specific training program in soccer
players found a dose-effect relationship between the duration of “protective” balance training
and incident rate of hamstring, patellar and Achilles tendinopathy.'> The authors described
these drills as “protective” balance training drills which included multi-studded soccer shoes on
a variety of surfaces to improve athlete proprioception.’2 A landmark 2019 publication study
across 35 semiprofessional Norwegian football teams explored the effects of a simple adductor
strengthening program, 3 times a week, during the competitive season and saw the prevalence
and risk of groin problems fall by 41%.13

These exercise training programs should be specific to the demands of the sport and the
incidence and prevalence of targeted tendinopathies within the population of interest. For more
exercise programming specifics, please refer to the tendinopathy specific sections at the end of
this manual including patellar tendinopathy, Achilles tendinopathy, adductor tendinopathy,
proximal hamstring tendinopathy, and rotator cuff tendinopathy.

Passive Therapeutic Modalities

In general, there is presently little evidence available to support the use of most passive
modalities in the treatment of tendinopathy including low level laser treatment, iontophoresis,
phonophoresis, therapeutic ultrasound, deep friction massage, or general massage.*4 Most
passive modalities have not been studied for their effectiveness of injury prevention.
Traditionally, massage has been thought to benefit athletes by enhancing performance and
improving recovery.’s Unfortunately, there is little, or no, scientific data supporting massage as
an effective injury or tendinopathy prevention strategy.’¢7 Instrument assisted soft tissue
massage has been shown in some studies to stimulate tendons, but to what extent structural and
functional changes in tendons influence prevention strategies are unclear.

Extracorporeal shockwave therapy (ESWT) has grown in popularity since its
musculoskeletal inception in the treatment of plantar fasciitis in 1996.29 It has since been
studied in Achilles, patellar, hamstring, greater trochanteric pain syndrome, lateral epicondylitis
and tendinopathy of the shoulder with generally mixed results.2° Growing literature suggests
that ESWT may be effective in treating a subset of chronic tendon and plantar fascia2* diseases

in a subset of patients.22 A recent 2024 systematic review found ESWT may offer an efficacious
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treatment alone or as an adjunct to exercise therapy in athlete and physically active
individuals.2s Additional high-level research is needed.
Load Management

The monitoring, quantification and reporting of player workloads has gained significant
popularity over the last two decades.24 While acute to chronic workload ratios (a measurement
made in an effort to quantify injury risk) have been challenged extensively,25-27 associated
general themes are typically accepted in load monitoring and prospective periodization by
performance, rehabilitative and coaching staff. Three fundamental concepts are critical in
developing rehabilitative or performance programs: the “floor,” the “ceiling” and time.?8 The
floor represents the athlete’s (or tendon of interest’s) starting capacity and the ceiling represents
the athlete’s capacity needed to perform his or her sport. The time represents the duration (days,
weeks, months) that an athlete and provider have in order progressively expose, or overload, the
athlete prior to competition.28

Although some of the literature referenced in this section is not “tendon specific,” these
principles may generally help guide the clinician to discourage the likelihood of injury (including
the development of tendinopathies). In summary,2® the athlete (or tendon of interest) can

globally benefit from the following basic principles:

Maintain an adequate training load during the offseason24 to maintain an acceptable
“floor.”

Identify the ceiling and ensure training load is proportionate to competition demands.29
Assess individual difference in training tolerance among athletes.28

Identify and prepare for the most demanding passages of play3°:3! or high-risk periods of
the season.32

Training programs should reflect the physical demands of sport, physical capacities

required to perform the sport and factors that limit performance on an individual basis.28
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Tendon-Specific Loading and Movement Pattern

Considerations

Take Home Points

e Tenocytes, the primary cell in tendon, are mechanosensitive, meaning they respond to
mechanical stress.

e Loading patterns will vary based upon the anatomy and function of the tendon.

e All muscle contraction types are beneficial when managing tendinopathy with types to be
programmed based upon the region and healing status of the involved tendon.

e Hip dominant movement may be utilized when knee-dominant loads exacerbate patellar
tendinopathy symptoms.

e The clinician should differentiate between Achilles insertional tendinopathy versus
midsubstance tendinopathy. Achilles insertional tendinopathy is more likely to be
aggravated when the tendon is loaded in dorsiflexion over the edge of an elevated surface.

e Hip flexion angles need to be considered when programming targeted exercises for

proximal hamstring tendinopathy.

Mechanotransduction, the mechanism by which mechanical stress influences genetic
and cellular behavior,! is a key mechanism at play when rehabilitating the injured tendon. The
primary cell type in tendons, tenocytes, are mechanosensitive, with specific responses to
underloading, physiologic loading, and overloading.’-4 Given the direct therapeutic effects of
loading, exercise therapies are one of the most consistently effective treatments across all
tendinopathies.5-© While eccentrics have traditionally been celebrated as the most successful
contraction type in the management of tendinopathy,© other publications have supported that
exercise and contraction type may be individualized based on patient response, tolerance and
staging.”13 Contraction considerations in programming will likely depend more on staging and
irritability. For example, submaximal isometrics are typically tolerated acutely, while plyometric
programming is typically tolerated best in “late-stage” rehabilitation. Naturally, clinicians must
select exercises that target and apply load to the tendon of interest. Some common loading
strategies and movement considerations are outlined below.

Hip Dominant versus Knee Dominant Loading Patterns in Patellar Tendinopathy
The squat (Figure 1), a commonly used exercise in both performance training and

rehabilitation alike,4, can be individualized depending on the tendon of interest. Specific to the
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knee and patellar tendon loading, the squat can either be coached to keep the tibial shank as
vertical as possible, or to let the knees pass the toes as much as preferred by the athlete.
Significantly less torque is produced at the knees when the shank is coached to stay vertical,
while significantly higher torque is produced at the knees when the shank is allowed to translate

anteriorly over the toes.'s

Figure 1. A) Allowing the knees to translate forward produces more torque at the knees.'s
An example of this would be a front squat. B.) Keeping the shank more vertical produces

more torque at the hips.’s An example of this would be a banded “Basas Spanish” Squat?®

Taking this cue further, the athlete may be asked to perform the squat on a decline slant
board (Figure 2).7718 The slant board encourages increased anterior knee translation, loading the
patellar tendon further, as well as reducing the contribution of the gastroc-soleus complex to
knee extension.'9 Additionally, single leg forward hops and single leg countermovement jumps
provide a comparable high loading index and can be implemented as exercise progressions.9
The location, staging and overall irritability of the tendinopathy should guide the clinician in

exercise selection and cueing.
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Figure 2. Decline squat variations on a slant board apply even more concentrated load to the

patellar tendon.'718 A.) Weighted decline slant board squat. B.) Single leg slant board squat.

Forefoot Elevated (i.e.: Ankle Dorsiflexion) or Flat: Insertional versus Midportion Achilles
Tendinopathy

Achilles tendinopathy can present in one of two categories, as defined by de Vois et al. in
a recent multidisciplinary Achilles tendinopathy guideline publication.! Insertional Achilles
tendinopathy is localized within the first 2 cm of the attachment of the Achilles tendon onto the
calcaneus, while midportion Achilles tendinopathy is localized above this attachment.** The
location of pain should influence exercise programming. For insertional Achilles tendinopathy,
exercises should initially be performed on a flat surface®, while midportion Achilles
tendinopathy may be performed with the forefoot elevated (i.e., with the heels dipping off of the
back of a step causing ankle dorsiflexion).2°c Compressive loads at the insertion of the Achilles
tendon against the superior calcaneus occur when the forefoot is elevated, likely increasing pain
levels acutely, and potentially exacerbating the tendinopathy due to direct pressure on the
tendinopathic tissue.?! A detailed clinical exam to discern the location of Achilles tendinopathy
helps guide exercise selection.2!

Load progression needs to be considered when designing an exercise program regardless
of the location of the tendinopathy in the Achilles. Following the recommendations provided
within the adaptation model proposed by Baxter et al, programming should begin with slow

multi-joint movements progressing into dynamic single-leg movements to incrementally
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increase Achilles tendon loading.22 Examples of exercise with the lowest load index include
seated heel raises whereas higher load index exercises would include standing heel raises,
lunges, step-ups, and step-downs.22 For progressions into plyometric exercises, which will have
a higher load index compared to the previously referenced exercises due to increased peak
loading and loading impulse, exercise dosing should first include exercises such as
countermovement jumps, hopping, drop jumps and single leg heel raises before proceeding into
single-leg variations of the same plyometric movements, including multidirectional hops, which
load the Achilles tendon the most.22

Figure 3. A typical pain presentation associated with insertional Achilles tendinopathy (feft). A
typical pain presentation for midportion Achilles tendinopathy (right). Illustration with

permission from Barca Innovation Hub 2021 Tendon Guide.23

The Influence of Hip Flexion Angles with Proximal Hamstring Tendinopathy

Injury to the hamstring musculature can occur in several locations (proximal,
myotendinous junction, distal). Proximal hamstring tendinopathy typically affects the
semimembranosus tendon.24 High degrees of hip flexion may result in provocative tensile and
compressive loads at the tendon insertion onto the ischial tuberosity.252¢ Thus, hip flexion
angles should be a major consideration depending on the stage and irritability of proximal
hamstring tendinopathy. Acutely, hamstring loading should be performed with minimal hip
flexion.?” Sub-acutely, progressive hip flexion should be introduced as tolerance allows.2” Late-
stage rehabilitation should include plyometric programming?7 that involves high degrees of hip
flexion.28
The Role of Impingement Mechanisms in Rotator Cuff Tendinopathy

Theories of mechanical impingement at the shoulder have existed for decades, claiming
that pathologic contact between the undersurface of the acromion and the rotator cuff tendons
can influence the presentation of tendinopathy. However, this model has been contested as the

classic definitions of internal and external impingement do not account for a variety of
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mechanisms and factors at play that may contribute to symptom presentation.29 External
impingement, or primary impingement, occurs due to changes that narrow the subacromial
space, including an increase in the volume of subacromial tissues or anatomical abnormality
such as a hooked (class III) acromion.29:3° Internal - or secondary impingement - results from
altered centering of the humeral head within the joint space and results in abnormal
displacement during rest and overhead motion. Weakness in the rotator cuff, trapezius and
serratus anterior muscles have been identified as contributors to internal impingement due to
altered mechanics of the humeral head and scapula both at rest and during motion.29-3°
Additionally, functional adaptation to life or sport demands, including humeral retroversion,
also influences the occurrence of pathologic internal impingement.3! It is now thought that,
given the complex interaction of multiple factors, shoulder impingement and rotator cuff
tendinopathy potentially reinforce mechanisms of each condition and are not to be assumed to
contribute in isolation.32 33

As compared to the previous three sections (patellar, Achilles and proximal hamstring
tendons), there are less movement considerations in relation to exercise selection for the
rehabilitation of rotator cuff tendinopathy. Anecdotally, if programming for posterior cuff
exercises, often in acute or subacute phases of tendinopathy, a small bolster can be placed
between the elbow and body to slightly abduct the elbow, reducing supraspinatus tendon
tension and irritability.34

There are a considerable number of publications that look at dynamic electromyography
in the shoulder to help guide exercise selection; however, there is no direct relationship
established between electromyography and actual tension in the correlated musculotendinous
structures.35 In general, electromyography signal increases in the supraspinatus, infraspinatus
and teres minor as the shoulder reaches higher levels of horizontal abduction (90 degrees or
more).35 The level of shoulder abduction should be modified depending on staging and

irritability of the rotator cuff tendinopathy.
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Nutrition Strategies for Tendon Health

Take Home Points

Current research has yet to establish a direct link between nutritional interventions and
prevention of tendinopathy. However, this does not preclude the potential benefits of
targeted nutrition in strengthening tendons and reducing the risk of tendon injuries.
Continued investigation is needed to better understand the relationship between dietary

strategies and tendon health, particularly in the context of injury prevention.

Suboptimal nutritional status may contribute to the risk of soft tissue injuries like
tendinopathy. Dietary interventions targeting collagen synthesis may enhance tendon

health and potentially prevent injuries.

Protein is crucial for muscle recovery and tendon function, with different protein needs
depending on activity level, body size, and goals. Consuming protein-rich foods post-
exercise aids in muscle remodeling, while specific amino acids like leucine along with
Vitamin C play vital roles in collagen synthesis, essential for tendon health.

Adequate hydration is essential for tendon health; athletes should monitor hydration status
and fluid intake before, during, and after activity. Additionally, limited evidence suggests

that a moderate amount of alcohol consumption is correlated with Achilles tendinopathy.

While research on nutrition interventions for preventing soft tissue injuries is still in its

early stages,»2 there is some evidence that suboptimal nutritional status is a risk factor for

potential injuries, including tendinopathy.3 Since diet plays a significant role in the homeostasis

of all tissues, inadequate dietary practices are acknowledged as a potential factor contributing to

the development of tendinopathy.3 Dietary interventions may be able to enhance tendon health

by supporting collagen synthesis 3 and provide the energy necessary for the mental and physical

demands of proper movement.
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Collagen is the structural backbone of intramuscular connective tissue, tendons, and
ligaments, directly impacting their structural integrity and functional characteristics. The
amount of collagen and the density of crosslinks within it significantly influences the mechanical
properties of soft tissues. Most structural changes to tendons occur during maturation, and
minimal additional alterations occur during the course of healthy aging,+ although some work
has demonstrated decreased collagen content in old (67 + 3 years) versus young (27 + 2 years)
tendons.5 Regardless, it is known that the accumulation of collagen progressively fortifies the
tendon structure, heightening its ability to withstand injury.2 While evidence is lacking,
nutritional strategies may be able to assist in collagen synthesis,® offering opportunities to

withstand mechanical stress3 and expedite return to play.2

To mitigate the risk of soft tissue injury, the top nutritional priorities are meeting total
energy intake, protein, and essential nutrient needs.” Although the specific energy needs of
individuals vary considerably, athletes are recommended to habitually consume a well-balanced
diet to support training, prevent illness, and aid in recovery from both training and competition.
Athletes should ensure a diverse dietary intake, incorporating foods abundant in vitamins,
minerals, and essential amino acids to support protein and collagen synthesis. Athlete Plates,
designed in collaboration between the United States Olympic and Paralympic Committee and
the University of Colorado at Colorado Springs, serve as a visual aid and a practical tool to
illustrate nutritional portions aligned with energy expenditure across different training days

(e.g., an easy day, moderate day, and a hard training day). 8

Protein aids in muscle recovery by providing the building blocks (amino acids) necessary
for repairing and rebuilding muscle tissue damaged during exercise. Eating a variety of lean
protein sources such as poultry, fish, beef, beans, soy, milk, and legumes provides the body with
a variety of amino acids needed to optimize muscle and tendon function.2 Total protein needs

differ individually based on body size, activity level, sport type, injury status, and goals (Table 1).
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Table 1. Protein needs for various athletes with examples.

Activity Level Protein Example Example
Needs Athlete 1 Athlete 1
(g/kg/day) (1501bs, (180lbs,
68kg) Needs 82kg) Needs
(8) (g)
Average, non- 0.8-1.0 54 - 68 66 - 82
athlete
Endurance Athlete 1.2-1.4 82-95 102 - 115
Power Athlete 1.5-1.8 102 - 116 123 - 140
Injured or Weight 1.8-2.2 122 - 150 148 - 180
Loss Athlete

Protein consumption within 30 to 60 minutes after exercise maximizes the muscle
remodeling process.? Specific to tendon health, it has been demonstrated that consuming a whey
protein supplement (19.5g high-leucine whey protein and 19.5g carbohydrate) on all training
days for 12 weeks was associated with a potential increase in tendon hypertrophy.® The ideal
dose of leucine is 2-3g per meal and snack, along with a variety of amino acids to maximize
muscle protein synthesis,° which can be accomplished by the consumption of 5 oz of chicken or
6 oz of fish. Animal models have suggested that a leucine-rich whey protein supplement can
activate mTORC1 within sinews, leading to increased collagen production,' implying that
integrating leucine-rich whey protein foods into a training routine could provide advantages

extending beyond muscle development.
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Collagen molecules consist of non-essential amino acids, particularly glycine, proline,
and hydroxyproline. Collagen-rich foods include bone broth, gelatin (which is made from the
tendons and ligaments of cows), beef or chicken with skin or around bones, and fish with edible
skin and bone. 3 While muscles benefit from protein reinforcement post-exercise, tendons, with
their limited blood flow, rely on bulk fluid flow for nutrient delivery that is upregulated during
activity. 23 In addition to specific amino acids,*2 Vitamin C is a vital cofactor for an enzyme
essential in the synthesis and cross-linking of collagen and thus should be prioritized for tendon
health. Vitamin C-rich foods include oranges, lemons, limes, grapefruits, berries, kiwi,
pineapple, mango, papaya, bell peppers, broccoli, brussels sprouts, spinach, kale, tomatoes,
potatoes, and cantaloupe.’3 It has been demonstrated that consuming 15 grams of vitamin C-
enriched collagen 60 minutes before activity significantly increases collagen synthesis*4and will
be discussed further in the Nutrition for Injured Tendons section.

Carbohydrates should constitute a relatively large percentage of an athlete's diet, as
represented by a percentage of total calories consumed, and should be adjusted based on body
mass and energy expenditure (Table 2). Adequate carbohydrate intake ensures sufficient energy
to support tendon remodeling, repair, and maintenance processes. While it is widely understood
that carbohydrates are an essential nutrient for sports performance and muscle recovery, tendon
glucose uptake also increases during exercise.'s Carbohydrate food sources include pasta, rice,
cereals, bread, oats, crackers, fruits, starchy vegetables, and sports performance products like

bars, chews, and sports drinks.
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Table 2. Carbohydrate needs for various athletes with examples.

Training Type Carbohydrate Example Example
Recommendations Athlete 1 Athlete 1
(g/kg/day) (150lbs, 68kg) (180lbs, 82kg)

Needs (g) Needs (g)

Low-intensity 3-5 204 - 340 246 - 410

or skill-based

activities

Moderate (~1 5-7 340 - 476 410 - 574

hour/day)

Endurance (1-3 6-10 408 - 680 492 - 820

hours/day)

Ultra- 8-12 544 - 816 656 - 984

endurance (>4

hours/day)

A well-rounded diet includes essential fatty acids, such as monounsaturated fatty acids
(MUFASs) and polyunsaturated fatty acids (PUFAs), including both omega-3 and omega-6 fatty
acids. Omega-3 fatty acids are known for their anti-inflammatory properties!¢ and thus may
contribute to reducing exercise-induced muscle damage and soreness,'7'8 although this is not
necessarily a consistent effect. To integrate essential fatty acids into a healthy diet, athletes
should prioritize omega-3-rich foods like salmon, mackerel, sardines, anchovies, tuna, walnuts,
and flax seeds.2° However, one should be cognizant of moderating the intake of MUFA, PUFA,

and saturated fats as part of a balanced diet.
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Tendons are composed of over 60% water and rely on bulk fluid flow for nutrient
delivery.3 Additionally, alongside crosslinked collagen, water contributes to the tendon's
viscoelastic nature.” To ensure proper hydration to maximize tendon health (along with
numerous other health and performance benefits), athletes should aim to maintain a normal
state of hydration throughout the day. This includes that athletes meet daily water intake
recommendations: 2.0 — 2.7 liters (70 — 90 ounces) per day for women and 2.5 — 3.7 liters (85 —
125 ounces) per day for men 2422, though individual needs may vary, especially as training load,
volume, and intensity vary, and with variations in training climate. Athletes can monitor their
day-to-day hydration status by monitoring their first-morning urine color, body weight, and
thirst perception.23 If urine color is dark (e.g., it looks like apple juice), they feel thirsty, and/or
their body weight is >1% less than the previous day, the athlete may be falling short of the
aforementioned guidelines. It is also important for athletes to maintain their hydration status
during and after an activity. Consuming fluids during activity with the goal of minimizing body
mass losses via sweat and replacing remaining deficits following exercise will optimize one’s
fluid intake strategy during exercise.>4 To know how much fluid one should consume after
activity, athletes should weigh themselves before and after activity (preferably nude or in
minimal clothing), and any difference in body weight is the amount of fluid that needs to be
consumed (for every 1 1b. of body weight loss, 16 — 24 ounces of fluid are needed to replace that
loss). 23,24

There is limited research on the impact of alcohol on tendon health, with discrepancies
in study designs, participant groups, and definitions of alcohol consumption levels, restricting
the ability to make direct comparisons across studies. However, animal models have
demonstrated that ethanol can impair tendon collagen organization and delay healing.25 In
humans, excessive alcohol consumption (more than 13 drinks for men and more than 6 drinks
for women per week), has been associated with a significantly greater risk and severity of rotator
cuff tears,2¢ while moderate weekly alcohol consumption (i.e., 7 to 13 drinks for men and 4 to 6
drinks for women per week) has been associated with a small increase in the risk of Achilles
tendinopathy.2” Alcohol consumption also negatively affects hydration status, potentially
suppressing the anabolic response in skeletal muscle and impairing recovery and adaptation to
training, thereby increasing the risk of injury.28 Lastly, efforts to minimize alcohol intake will
help maintain overall fluid balance since alcohol inhibits an essential hormone (arginine

vasopressin) that controls body water balance within the body.29:3°
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Nutrition assessments completed by a registered dietitian (RD) are important for
optimizing nutrient intake for performance, recovery, and injury prevention and monitoring risk
for deficiencies. Much of the current understanding of nutrition and tendon health is
extrapolated from muscle-focused literature, which suggests potential indirect benefits for
tendons. However, the direct effects of nutritional interventions on tendon tissue remain less

understood, highlighting the need for more tendon-specific research.
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The Injured Tendon
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An Overview of the Injured Tendon

Take Home Points

e The pathogenesis of tendinopathy is multifactorial and complex. The onset of tendinopathy
appears to be related to repetitive tendon overload, leading to structural injury of the
collagen fibrils.!

e The initial structural alterations associated with tendon damage are likely asymptomatic.
Over time, the accumulation of matrix damage and chemical mediators activate nociceptors
leading to clinical manifestation.

e Many models of tendinopathy have been proposed since the 1970s. Modern day models
focus more on a continuum of tendon pathology,23 while older models focused more on an
inflammatory model. The inflammatory model is largely disputed.+5

¢ Tendinopathy management models have become more holistic and somewhat forgiving for
the clinician. While continuum models are helpful conceptually, the associated histology
makes classification of the stage of tendinopathy difficult. Management models should

remain patient-centered and personalized.

Tendinopathy is defined as persistent tendon pain and loss of function related to
mechanical loading.®7 During bouts of unaccommodated exercise or training, repetitive
contraction of the muscle precipitates persistent micro-trauma of tendons that often lack the
appropriate recovery time due to slow collagen turnover.”8 These morphological changes result
in a tendon that is less capable of sustaining repeated tensile load and, unfortunately, due to
general hypocellularity and hypovascularity, the healing ability of the tendon is fairly
inefficient.?

Load (i.e. active exercise, rehabilitation) is thought to be one of the most influential
variables in the development and management of tendinopathy;'© however, other intrinsic
factors like genes, age, circulating and local cytokine production, sex, biomechanics and body
composition are often at play.2In the last several decades of rehabilitation, tendinopathies have
generally been approached the same regardless of these pathoaetiological considerations.
Applying the same rehabilitative interventions, regardless of these considerations, is likely to be
ineffective in many cases. Unfortunately, injured tendons heal slowly, often resulting in
impaired structural integrity and mechanical strength needed for the demands of sport.* As a
result, both athletes and coaching staff are burdened by decreased athlete availability and

performance.
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Microscopically, healthy tendons are predominantly composed of parallel, closely packed

collagen fibers and cells within a well-ordered extracellular matrix.”7!* Type I collagen makes up

about 65% to 80% of the tendon dry mass.* Normally, these Type I collagen fibers are flexible,

strong, and resistant to repetitive damage. Over time, repetitive tensile loading can lead to an

accumulation of microdamage. As a result, scattered inefficient vascular in-growth, including

ineffective capillaries, contribute to vascular compromise and local tissue hypoxia.:2 Table 1

(from Khan & Brukner, 2017) summarizes the maladaptive cellular responses that occur when

the tendon is exposed to excessive loading.'s

Table 1: Five elements of normal tendon compared with the characteristic elements of end-stage

tendon overuse injury®s (adapted from Khan & Brukner 2017, with permission from original

authors)
Tendon Element Normal Tendon Changes that occur in
response
to excessive tendon
loading

Cells — tenocytes

Ground substance
or “matrix”
proteins

Collagen

Nerves

Vessels

Tendon cells are spindle-

shaped, and nuclei cluster in

longitudinal chains on
microscopy

The ground substance in the
matrix is minimal and is not
visible when stained for light

microscopic viewing

Linear and tightly bundled and

has a characteristic crimp
under polarized light
Minimal neurotendinous

nerves, some innervation of
connective tissue in and around

the tendon
Minimal vascularity when

examined histologically or by

using ultrasound

Tissue has proliferation
of cells with abnormally
rounded nuclei and
areas with fewer than
normal cell numbers
Increased amount of
ground
substance/matrix
proteins which stain and
are visible under light
microscopy

Disrupted — both
longitudinally and in its
bundles

Abnormal ingrowth of
nerves and a
preponderance of
neuropeptides
Prominent vessels
histologically or using
ultrasound

In the late 1970s,414-16 all tendon injuries were typically considered to be inflammatory in

nature (i.e. tendonitis). Decades later, histopathologic literature has evolved and chronic

tendinopathies have been observed to be absent of cellular inflammation.?'78 Typical

pathological changes that occur in tendinopathy include reduced numbers and rounding of

fibroblasts, an increase in the content of proteoglycans, glycosaminoglycans and water,

hypervascularization, nerve ingrowth and disorganized fibrils.” Very little is actually known
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regarding the actual mechanisms of how health tendon tissue accumulates damage.’ Tendon
damage may occur from acute tearing (cutting, laceration), oxidative damage,2° accumulation of
microtears,2'-25 or the production of aberrant matrix within the tendon such as ectopic
calcification.26.27

Numerous theories on the pathogenesis of tendinopathy exists in the literature.* Over
time, these have developed with the field leaning toward modern continuum models, although
all are generally helpful in correlating basic tendon science to clinical findings and evaluation.!
These theories include the mechanical theory?®8 (one of the first theories proposed in the late
70s), the inflammation model (which has been disputed by most+5), the apoptosis theory,29:3°
vascular / neurogenic theorys! and lastly the continuum model.>3

Several tendinopathy continuum models have been proposed in the last 1 to 2 decades
including Cook’s continuum model of tendinopathy,? subsequent adaptations by other
researchers32 and revisions by Cook et al.3 These models encouraged clinicians to monitor and
prescribe graded load based on the staging of tendinopathy. These were monumental
developments at a time where many in the field prescribed outdated interventions like complete
rest and anti-inflammatory medications.* While helpful conceptually, these models often
encourage the rehabilitative clinician to speculate on the stage of tendinopathy to guide
treatment (normal tendon, reactive tendon, tendon disrepair, degenerative tendon).>3 Without
histological confirmation, clinicians were typically left to make an educated guess based on
patient reports and objective exam. A newer management model (Figure 1), published by
Millar et al. in 2021, focuses less on tendinopathy staging and more on a holistic treatment
model.* This model is explored more in the “General Tendinopathy Management Guidelines”

section.
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* Consider differential diagnosis
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Figure 1: Adapted from Millar et al, 2021. This model generalizes timing familiar to the clinician
including presentation, o to 12 months, and 12+ months. It takes into account general loading
strategies, frequent re-evaluations, and adjunct treatments should progress when individualized
programming begins to stall.! The clinician is not required to stage the tendinopathy or map

where treatment should begin.

Snedeker and Foolen published a tendon injury model that theorizes by the time an
individual encounters clinical symptoms associated with tendinopathy there has already been an
underlying, long-term, sub-symptom accumulation of tissue damage.9 They named this onset of
symptoms the “metabolic tipping point.”9 This point is theorized to be when the accumulation
of intrinsic tendon damage exceeds the metabolic demands and nutrient supply of the normally
avascular core.33 The extrinsic tendon has a faster metabolism and manages daily remodeling,
while the intrinsic core is slower and adapts to loading over time. There is a close interplay
theorized between the intrinsic compartment and extrinsic compartment of a tendon.34-36

When this tipping point occurs, it is theorized that the extrinsic tendon is recruited by the

Page 48 of 96



intrinsic tendon to participate in organ / tissue remodeling,’® thus the neovascularization and

innervation often seen associated with chronic tendon disease.3”
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Tendinopathy: Time to Return to Play in Elite Athletes

Take Home Points

e Return-to-play timelines are highly variable, with literature often citing return-to-play
timelines anywhere between 3 months to >1 year. Unfortunately, such large timeline
ranges are often unhelpful when educating athletes and coaching personnel.

¢ Rehabilitative literature generally suggests that longer intervention durations (>12 weeks)
are typically more beneficial than shorter ones. However, symptoms may persist despite
well-developed rehabilitation plans. Rehabilitation should continue even after the
cessation of symptoms.

e Average return-to-play timelines in the literature should be interpreted with caution.
Subject pools are often non-specific to elite athletes and generally include the public.
Despite the paucity of literature permitting generalizations, the authors have opted to

include reported timelines in this section.

Return-to-play timelines vary considerably following the onset of tendinopathy.
Compared to typical soft tissue injuries, tendinopathies tend to follow the same healing phases:
the inflammatory phase (1 to 7 days), the proliferative phase (77 to 21 days), and the remodeling
phase (3 weeks to 1 year).! Fibroblasts synthesize type III collagen in the proliferative phase,
which is gradually replaced by type I collagen from day 12-14, with subsequent and gradual
increases in tensile strength.2 Recovery of tendon injuries are slow due to low oxygen
consumption3 and slow synthesis of structural protein.

Mechanotransduction, the process of translating mechanical stimuli into biological
responses, is a major intervention used by clinicians to encourage tendon remodeling.4
Mechanotransduction is skillfully applied during rehabilitation; studies generally include an
intervention for a minimum of 12 weeks,5 with return to sport occurring thereafter.-® However,
this is certainly not representative of all return-to-play timelines in tendinopathy. Rehabilitation
can often extend deeply into the remodeling phase (3 weeks to 1 year) with elite athletes who,
anecdotally, often struggle with recalcitrant symptoms at the highest demands of their sport
(e.g., sprinting, change of direction, etc.).

Unfortunately, large non-specific return-to-play timeline windows are generally
unhelpful when educating athletes and coaching personnel. To the knowledge of the authors,
few high-quality studies, meta-analyses or systematic reviews on return-to-play timelines in

tendinopathies currently exist in the literature. A full return to sport should be completed only
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when symptoms are no longer provoked by exercise and the resolution of strength deficits has
occurred.”® Importantly, symptom resolution alone does not ensure readiness to return to play.
Tendon structural alterations and functional deficits such as those previously mentioned should
be considered, as these can persist well beyond symptoms. During the rehabilitation period,
clinicians should use multiple strategies to gauge the athlete’s progress and guide the
modifications required until full sport participation. A gradual and controlled process that
includes recovery days is key,? whereby clinicians may guide the gradual return based on, among
the factors already discussed, the pain-monitoring model.>*° Thankfully, not all cases of
tendinopathy result in lost player availability. A 2019 study found that 1 in every 3 cases of
tendinopathy resulted in time loss,? indicating most athletes continue to play with tendinopathy.
Achilles Tendinopathy

In general, athletes with Achilles tendinopathy can be expected to return to sport
anywhere between 6 weeks to 1 year after the initial onset of injury.? In a 2009 systematic review
of nonoperative treatment for midportion tendinopathy, 4 randomized clinical trials
collectively showed a return to sport ranging from 10% to 86%.12-4 A 2021 Dutch
multidisciplinary guideline on Achilles tendinopathy suggests 85% of athletes return to sport;
however, it is unknown if this is at the original performance level or fully asymptomatic.’5 The
authors go as far to recommend that clinicians should inform athletes about the inability to
provide a long-term prognosis, as prognostic factors for recovery have not yet been identified.'s
In the worst-case scenario, symptoms may persist for up to 10 years, with 23% to 37% reporting
persistent symptoms despite treatment.s
Patellar Tendinopathy

Patellar tendinopathy is present in approximately 14% of all elite athletes at any given
time, and 22% of elite athletes will have patellar tendon pain at some point in their athlete
career.'® The most common outcome associated with patellar tendinopathy is a loss of
participation.” Return-to-play timelines are widely variable, with some reports of chronic
impairment for an average duration of 19 months.*® Other literature reports impairment up to
32 months in elite athletes.?9 Another study reported that 33% of patellar tendinopathy cases
may struggle with time loss in sports due to symptoms for more than 6 months.4

A 2021 study following 56 NBA athletes with symptomatic patellar tendinopathy that
was significant enough to be reported to the media found that 100% of athletes eventually
returned to play following diagnosis. The mean (standard deviation) time between diagnosis and
return to play was 60.7 + 95.2 days. Twenty-two players missed fewer than 10 days, while 9
players only missed 1 to 2 days.2° Athletes were able to return to play without any impact on

career longevity.2° Another prospective study performed by Gemignani et al. with 282
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professional or semiprofessional athletes with patellar tendinopathy found return to play was
faster in those who underwent conservative management than operative management.>* Tendon
involvement with musculoskeletal ultrasound could also be used to predict a return to play in
conservatively managed athletes (grade 1 tendinopathy = 20 days, grade 2 tendinopathy = 40
days, grade 3 tendinopathy = 90 days, where grading was completed via sonographic evaluation
of the relative injured area of the tendon).2
Proximal Hamstring Tendinopathy

The specific range or estimates for the time to return to play following recognition and
diagnosis of proximal hamstring tendinopathy are not clearly established in the literature and
are dependent on the severity of the condition. An expert opinion suggests that conservative
treatment of proximal hamstring tendinopathy results in full recovery within one to three
months.22 A single study of 9o professional and competitive athletes indicated surgical
intervention to treat proximal hamstring tendinopathy, with most athletes able to return to
sport at the same level within 2 to 12 months.23
Conclusions

The scientific literature currently lacks the comprehensive data necessary to determine
the time required to return to sport following the identification and diagnosis of tendinopathy.
Further research is warranted in this area to permit the evaluation of various treatment and
rehabilitation strategies against these expected timelines, which will depend on the etiology and

severity of the specific tendinopathy.
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Nutrition Strategies for the Injured Tendon

Take Home Points

. Adequate energy intake, fluid intake, and protein consumption are crucial for effective
healing and recovery from tendinopathy. Ensuring a balanced diet with sufficient
nutrients can mitigate muscle and tendon mass loss, enhance wound healing, and

expedite the return to sports activities.

. Proper hydration, monitored through various indicators, is essential to facilitate nutrient
delivery for healing.
. Protein intake plays a pivotal role in collagen production, muscle protein synthesis, and

wound healing. Athletes recovering from tendinopathy should aim for increased protein
consumption, consuming it evenly throughout the day.

. Vitamin C is vital for collagen formation and can be obtained from various food sources
to support tendon health. Other supplements, such as gelatin, may also support collagen
synthesis and healing.

. There is little consensus in the literature regarding the use of dietary supplements for
tendon healing. However, a supplement protocol of 15g of collagen plus 50 mg of vitamin
C ingested 60 minutes prior to physical activity or rehabilitation may be beneficial and is
of little risk, provided athletes choose products with appropriate third-party

certifications.

During treatment and rehabilitation of tendinopathy, attempting to prevent a deficiency
of daily energy availability, ensuring adequate fluid and amino acid intake, and satisfying
vitamin C needs is critical.! By doing so, an athlete can reduce the potential for significant losses
of muscle and tendon mass and thus functional declines and improve wound healing, thereby
accelerating the return to sport process. Secondarily, nutrients and supplements may confer
additional benefits on tendon healing, though scientific consensus is still lacking in this area.
Conversely, alcohol intake should be avoided or minimized, as it impairs muscle protein
synthesis and wound healing? and may inhibit collagen synthesis.®3 Given the paucity of
evidence-based recommendations for nutritional interventions specific to tendinopathy, the
following section includes supporting literature, suggested best-practices, and recommendations
from registered dieticians at the United States Olympic and Paralympic Committee.

Energy Balance
During the injury recovery period, it is anecdotally common for athletes to reduce

nutritional intake - either intentionally to prevent body weight and composition changes or
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unintentionally as a response to decreased appetite and/or medication-related gastrointestinal
side effects. However, this can have significant consequences on wound healing and muscle and
tendon tissue loss. Energy needs are dynamic and can be challenging to estimate during periods
of extended inactivity, especially in cases of severe injuries and/or surgery where the body may
be in a hypermetabolic state. While exercise expenditure drops when an athlete is immobilized
or observing training restrictions, overall energy expenditure may, in fact, increase temporarily
by 15-50% due to the natural inflammatory and healing processes, dependent on the severity of
the insult.4 Additionally, if an athlete is ambulating with crutches or a wheelchair, they may be
expending a great deal of energy from their mode of transportation.* Of course, overestimating
energy intake can lead to body weight and composition changes that make returning to play
more difficult, add unnecessary load to the tendon, and can affect the athlete’s body image and
confidence. A registered dietitian (RD) can estimate individualized energy needs, which is a
critical part of the collaborative care process. The following guidelines can be a starting point for

RDs in estimating needs during recovery, as discussed by Dana White in a webinar available

online:5

1. Calculate baseline needs for weight maintenance: 30 calories/kg of body weight.

2. Add additional calories to the baseline based on the severity of injury:
e 5-10 calories/kg/day for moderate injuries (such as grade 1 strains/sprains)
e 10-15 calories/kg/day for significant trauma (such as grade 2 tears)
e 25-30 calories/kg/day for severe trauma (such as grade 3 tears/ruptures or

surgery)
Fluid Intake

Tendons are made of approximately 65-75% water and some are also surrounded by a
water-rich synovial fluid.® Tendons absorb nutrients through bulk fluid flow; fluid flows outward
when tendons are loaded and fluid is drawn inward as they relax.” Thus, activity encourages the
flow of blood and nutrients into tendon tissue. Therefore, adequate fluid intake, especially
before and during rehabilitation activity, is an area of opportunity for injured athletes to
maximize nutrient delivery for healing. Athletes can monitor hydration status by being mindful
of urine color, void frequency, urine volume, thirst, and drinking a variety of fluids consistently
throughout the day. Furthermore, an RD may recommend an athlete monitor weight changes
pre- and post-training/rehabilitation to identify individualized hydration needs for recovery.
Optimal hydration status can be achieved by relatively simple yet effective daily (List 1)® and
exercise-related (List 2) strategies.

List 1. Simple methods for increasing daily fluid intake.

e Carry a water bottle at all times to increase water consumption throughout the day.
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e Aim to drink at least 2 cups of water at all meals.
e Fruit and veggies have high water content.
e Snack on oranges, berries, melons, pineapple.
e Top a rice bowl with eggplant, bell peppers, zucchini, and shredded carrots.
e Make a fruit smoothie for breakfast or a snack.
e Drink 8 oz. of water, milk, 100% fruit juice, herbal tea, or coconut water with breakfast.
e Begin lunch or dinner with veggie soup.
e Drink a glass of milk after training or before bed.
e Brew a cup of herbal tea in the evening.
List 2. Peri-exercise strategies for optimal hydration*
Before Exercise
o Begin exercise well-hydrated
o Drink 16-20 oz. of water or sports beverage at least four hours before exercise
o Drink 8-12 oz. of water 10-15 min. before exercise.
During Exercise
o Drink water or sports beverage every 15-20 min. during exercise
o 3-8 oz. of water (2-3 large gulps) for exercise <60 mins.
o 3-8 oz. of sports beverage for exercise >60 mins.
After Exercise
o Rehydrate
o 16-24 oz. of fluid for every pound lost within 2 hours of exercise.
o Chocolate milk is a great option to help rehydrate and refuel after a workout.
O
*Adapted from [https://www.sportsrd.org/wp-content/uploads/2016/01/Hydration-Screen-
Shot-.png].
Protein & Amino Acids

Being mindful of protein intake during the recovery period is a critical piece of injury
recovery. Increasing relative protein intake enables essential amino acids to facilitate collagen
production and muscle protein synthesis. Insufficient protein intake will impede wound
healing.® At a minimum, athletes should aim for 1.6 g of protein per kg of body mass.*° If an
athlete’s habitual intake is already meeting that minimum, they may benefit from a further
increase to 2.0 g/kg or more, especially if immobilized.»51° Relative to the timing of meals,
distributing protein intake uniformly across the day is preferred.°

Proteins from plant and animal sources differ in their amino acid profiles, and athletes
benefit greatly from incorporating a variety in their choices. For example, whey protein (from
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cow’s milk-based food and protein products) is rich in the amino acid leucine, which has been
suggested to exhibit a stimulatory effect on collagen synthesis in response to resistance
exercise.>'' Red meat, turkey, chicken, and nuts contain lysine, glycine, and proline, which are
central to collagen formation when combined with vitamin C. Red meat, turkey, chicken, nuts,
fish, and beans/legumes are sources of l-arginine, an amino acid involved in the production of
nitric oxide, which may also facilitate healing.24 RDs can help athletes meet their individual
protein needs and ensure the consumption of a variety of amino acids through their habitual
diet with respect to personal preferences, access, and budget.
Vitamin C

Vitamin C plays a central role in the formation of collagen,7151¢ the most abundant
protein in connective tissue.” Vitamin C is most beneficial in food form, and injured athletes
would benefit from incorporating rich sources of vitamin C into meals and snacks. All fruits and
vegetables contain vitamin C, with bell peppers, orange juice, whole citrus fruits, kiwi, and
berries having the greatest vitamin C density among whole-food sources. If athletes have
difficulty in meeting their needs through food, a supplement may be utilized, with the
understanding that high-dose supplementation beyond sufficiency does not appear to have
additional benefits for tendon healing.! The Recommended Dietary Allowance (RDA) for
vitamin C is 75mg and 65mg for males and females, respectively, for ages 14-18, and gomg and
75mg for males and females, respectively, for ages 19 and above.?”
Nitric Oxide & Additional nutrients

Nitric oxide (NO) is an essential factor in the tendon healing process,'s with both animal
and human studies showing that its production is upregulated in tendinopathy.® NO assists in
the healing process via multiple mechanisms, including assisting in collagen synthesis.9 Some
studies have suggested that dietary supplements and topical patches may be effective at
upregulating and stimulating NO synthesis.'® Incorporating foods that stimulate NO production,
namely beets and beet products (juices, powders) and dark, green leafy vegetables like spinach,
arugula, and Swiss chard, could form part of a dietary program during tendinopathy treatment
and recovery. Several whole-food sources and supplements may also be effective for tendon
health and wound healing (Table 1), and athletes are encouraged to consult an RD and discuss
whether the inclusion of any foods or supplements would be beneficial for their specific needs.
Regardless, athletes should focus on food variety and the inclusion of abundant protein, fruits,
and vegetables during recovery from tendinopathy.

Table 1. Food sources of Key Nutrients for Healthy and Injured Tendons9

Important for Important Important
Nutrient Sources tendon/ligament for muscle for wound
health health healing*
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Beets, spinach arugula, celery

Nitric oxide radishes, swiss chard
Leucine gl;cken, beef, fish, pork, egg, dairy,
Leucine-rich foods such as whey
HMB protein, chicken, beef, fish, pork,
egg, dairy, soy
Beef, chicken, trout, soybean oil,
CoQ1o0 olive oil, peanuts, seasme seeds
Creatine Wild game, red meat poultry, fish
. Beef, chicken, fish, beans, dairy,
Glutamine cabbage, beets, legumes
Arginine Sh.rlmp, white mean turkey, frozen
spinach
Sweet potato, carrot, mange, red
Vitamin A  pepper, cantaloupe, egg yolk, dairy,

green vegetables, fish
Citrus fruit, pineapple, bell
Vitamin C  peppers, kiwi, broccoli, berries,
baked potato, tomato, leafy greens
Fatty fish (salmon, mackeral,
sardines, tina, trout), flaxseed,
walnuts, canola oil
Opysters, beef, fortified cereals,
Zinc pork, beans, dark meat chicken,
yogurt, cashews, chickpeas
*Utilize these nutrients if healing from a surgical intervention to repair a soft tissue injury.

Omega 3
fatty acids

Dietary Supplements

A wide variety of supplements have been proposed to heal tendons, increase collagen
production, reduce pain, or accelerate recovery from injury. There is little consensus in the
scientific literature on the most effective products and protocols due in part to the challenge of
isolating specific nutrients in human trials®'5 and the ability to conduct research on elite
athletes. Further, Team USA athletes (and other elite athlete groups) are subject to testing for
banned substances and, therefore, should only be recommended products that have a reliable

third-party testing certification, such as NSF Certified for Sport or Informed Sport.

Collagen + Vitamin C

One of the most widely studied supplements for specific use in tendinopathy treatment is
collagen. When co-ingested with vitamin C, collagen has been shown to increase circulating
amino acids that are critical to forming the collagen matrix,3711.1516.21.22 reduce pain,»'%-2 and
improve joint functionality.'® Because blood flow to inactive tendons is limited but appears to
increase during activity, supplement protocols should consider the timing of the

supplementation just as rigorously as the dosage. As such, a supplement protocol of 15g of
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collagen and 50 mg of vitamin C ingested 60 minutes prior to physical activity or
rehabilitation”*22 may be potentially beneficial for tendon health and recovery. As always,
athletes are encouraged to discuss their specific needs with a trusted RD.

Similarly, gelatin, a hydrolyzed form of collagen, is a popular and inexpensive food
product that forms a gel-like substance in water. Gelatin can be used to make homemade jellies
with the same benefits as more expensive collagen products. Recipes for gelatin are readily
available, but an example of this simple and inexpensive supplement, adapted from a recipe
suggested by prominent collagen researcher Dr. Keith Baar2? is found in below.

Ingredients:

160g (1 cup) gelatin (commonly seen in grocery stores as Knox brand)

12 0z (1.5 cups) high vitamin C juice (like Juicy Juice 100% juice products or Ribena)
8 oz (1 cup) water

Directions:

Lightly spray a 9x9 inch baking dish with non-stick spray.

Bring juice to a boil.

Meanwhile, mix gelatin into water.

Add the hot juice to the gelatin and stir until dissolved.

Pour gelatin into the baking dish and place in fridge until set.

Cut into 5 portions. Eat 1 portion 60 minutes before tendon-stimulating activity.
Additional Supplements of Interest

Many other products have been mentioned in the literature specific to tendon healing
but are limited in research, including whey protein, leucine, omega 3s, creatine, l-arginine,
curcumin, glucosamine, and chondroitin.»31518 Products such as whey protein powder may
secondarily support tendon recovery by helping athletes meet their protein needs. Athletes can
work with their RDs and sports medicine teams to determine if these options would be safe and

beneficial for their dietary needs.

Page 63 of 96



10.

11.

12,

13.

14.

References
Tipton KD. Nutritional support for exercise-induced injuries. Sports Med. 2015;45(Suppl 1):93—
104.
Hapa O, Cakic1 H, Gideroglu K, Ozturan K, Kiikner A, Bugdayci G. The effect of ethanol intake
on tendon healing: a histological and biomechanical study in a rat model. Arch Orthop Trauma
Surg. 2009;129:1721—6.
Hijlkema A, Roozenboom C, Mensink M, Zwerver J. The impact of nutrition on tendon health
and tendinopathy: a systematic review. J Int Soc Sports Nutr. 2022;19(1):474—504.
Smith-Ryan, Abbie E., Katie R. Hirsch, Hannah E. Saylor, Lacey M. Gould, and Malia N. M.
Blue. 2020. “Nutritional Considerations and Strategies to Facilitate Injury Recovery and
Rehabilitation.” Journal of Athletic Training 55 (9): 918—30.
Dana White. Sports Nutrition for the Injured Athlete [Internet]. [cited 2024 Mar 25]. Available
from: https://www.mysportsd.com/products/101470-Sports-Nutrition-for-the-Injured-Athlete

Benjamin M, Ralphs J. Invited Review Tendons and ligaments-an overview. Histol Histopathol.
1997;12:1135—44.

Baar K. Training and nutrition to prevent soft tissue injuries and accelerate return to play.
Sports Sci Exch. 2015;28(142):1-6.

United States Olympic and Paralympic Committee. Hydration [Factsheet]. Hydration
[Factsheet]. Available from:

https: //www.usopc.org /nutrition#: ~:text=Fueling%20for%20Competition-,Hydration,-

Immune%20System
Demling RH. Nutrition, anabolism, and the wound healing process: an overview. Eplasty.

2009;9:€9.

Wall BT, Morton JP, Van Loon LJ. Strategies to maintain skeletal muscle mass in the injured
athlete: nutritional considerations and exercise mimetics. Eur J Sport Sci. 2015;15(1):53—62.
Baar K. Minimizing injury and maximizing return to play: Lessons from engineered ligaments.
Sports Med. 2017;47:5—11.

Murrell G, Szabo C, Hannafin J, Jang D, Dolan M, Deng XH, et al. Modulation of tendon healing
by nitric oxide. Inflamm Res. 1997;46:19—27.

Lin J, Wang M, Wei A, Zhu W, Diwan AD, Murrell GA. Temporal expression of nitric oxide
synthase isoforms in healing Achilles tendon. J Orthop Res. 2001;19(1):136—42.

Lin J, Wang MX, Wei A, Zhu W, Murrell G. The cell specific temporal expression of nitric oxide

synthase isoforms during Achilles tendon healing. Inflamm Res. 2001;50:515—22.

Page 64 of 96


https://www.mysportsd.com/products/101470-Sports-Nutrition-for-the-Injured-Athlete
https://www.usopc.org/nutrition#:~:text=Fueling%20for%20Competition-,Hydration,-Immune%20System
https://www.usopc.org/nutrition#:~:text=Fueling%20for%20Competition-,Hydration,-Immune%20System

15.

16.

17.

18.
19.

20.

21.

22,

Fusini F, Bisicchia S, Bottegoni C, Gigante A, Zanchini F, Busilacchi A. Nutraceutical
supplement in the management of tendinopathies: a systematic review. Muscles Ligaments
Tendons J. 2016;6(1):48.

Khatri M, Naughton RJ, Clifford T, Harper LD, Corr L. The effects of collagen peptide
supplementation on body composition, collagen synthesis, and recovery from joint injury and
exercise: a systematic review. Amino Acids. 2021;53(10):1493—506.

National Institute of Health - Office of Dietary Supplements. Vitamin C - Fact Sheet for Health
Professionals. [cited 2024 Mar 25]. Office of Dietary Supplements - Vitamin C. Available from:
https://ods.od.nih.gov/factsheets/VitaminC-HealthProfessional/

Murrell GA. Using nitric oxide to treat tendinopathy. Br J Sports Med. 2007;41(4):227—-31.
Witte MB, Thornton FJ, Efron DT, Barbul A. Enhancement of fibroblast collagen synthesis by
nitric oxide. Nitric Oxide. 2000;4(6):572—82.

United States Olympic and Paralympic Committee. Nutrients for Soft Tissue Recovery
[Factsheet]. Nutrients for Soft Tissue Recovery [Factsheet]. Available from:
https://assets.contentstack.io/v3/assets/bltges8afdg2ai18aofc/blt1982a2bie73eesc2/6470c42a

ec22332ae051b3af/Nutrients For Soft Tissue Injury Recovery Factsheet.pdf
Maughan RJ, Burke LM, Dvorak J, Larson-Meyer DE, Peeling P, Phillips SM, et al. IOC

consensus statement: dietary supplements and the high-performance athlete. Int J Sport Nutr

Exerc Metab. 2018;28(2):104—-25.
Shaw G, Lee-Barthel A, Ross ML, Wang B, Baar K. Vitamin C—enriched gelatin supplementation
before intermittent activity augments collagen synthesis. Am J Clin Nutr. 2017;105(1):136—43.

Page 65 of 96


https://ods.od.nih.gov/factsheets/VitaminC-HealthProfessional/
https://assets.contentstack.io/v3/assets/blt9e58afd92a18a0fc/blt1982a2b1e73ee5c2/6470c42aec22332ae051b3af/Nutrients_For_Soft_Tissue_Injury_Recovery_Factsheet.pdf
https://assets.contentstack.io/v3/assets/blt9e58afd92a18a0fc/blt1982a2b1e73ee5c2/6470c42aec22332ae051b3af/Nutrients_For_Soft_Tissue_Injury_Recovery_Factsheet.pdf

General Tendinopathy Management Guidelines

Specific tendinopathy exercise prescription recommendations often change from tendon
to tendon, but in general, standard treatment “themes” can be seen regardless of the tendon at
interest. Certainly the stage of healing, reactivity of the tendon to load, and tendon location will
largely shape both short-term, and long-term, exercise programming. While this section will
discuss rehab principles based on contraction types, the authors would like to stress these do not
need to be prescribed in any particular order. For example, although isometrics are often first
prescribed in the presence of pain, isometrics may not necessarily elicit an adaptation in the
case of every tendinopathy. As such, the clinician should be conscious of consequences with both
underloading and overloading the tendon of interest. Ultimately the loading magnitude seems to
be the key factor for tendon adaptation first and foremost rather than contraction type.>2

An adaptation from Millet at al, 2021 is present in “An Overview of the Injured Tendon”
section on Page 49. This adaptation includes a Venn-Diagram where contraction-types are
coupled with one another only to be followed by energy storage loading and release
programming.3 This figure is particularly useful to the treating clinician as staging of the
tendinopathy isn’t required. Rather, the initial evaluation should include a comprehensive
differential diagnosis and consideration of the nine core health-related domains of tendinopathy
recently decided by the ICON 2019 consensus guidelines.4 These domains were primarily
selected to guide future research, but also act in guiding the treating clinician in their global
approach and considerations to tendinopathy management. These can be found summarized
under Table 1. Following evaluation, the patient should be educated on typical tendinopathy
rehab guidelines and basic tendinopathy injury mechanisms. An individualized exercise
program is then developed with frequent re-evaluations. Passive interventions may be
incorporated as necessary, especially in the tendinopathy recalcitrant to typical rehab strategies.

Should difficulties ensue past 12 months, surgical options may be considered.5

Table 1. The nine core health-related domains of tendinopathy as decided by 28 healthcare

roviders (92% of whom with >10 years’ experience treating tendinopathy) and 32 patients.4
p

Patient rating of condition A single assessment numerical evaluation (“rate your
tendon status where 100% is no problems and 0% worst
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case scenario”), global rating of change (how are you
now compared with prior treatment?)¢-8

Participation in life activities A patient rating of the level of participation /
engagement across areas of their life (i.e. ratings of level
of sport, time to return to sport)?

Pain on activity / loading Patient reported intensity of pain on performing a
task/activity that loads the tendon (visual analog scale,
numeric pain rating scale)o-12

Function Patient rated level of function (Patient Specific Function
Scale on a visual analog scale or numeric pain rating
scale)”

Psychological Factors Pain self-efficacy, pain catastrophization,
kinesiophobia, anxiety or depression scales”

Physical Function Capacity Quantitative measures of physical tasks performed in

clinic (i.e. number of hops, timed stair walk, number of
single limb squats, dynamometry, etc.)713.14

Disability Composite scores of patient-rated pain and disability
due to pain usually in relation to tendon specific
activities / tasks7.811.12

Quality of Life The general well being of the individual
questionnaires?815
Pain over a Specified Time Participant reported pain intensity over a period of time

(morning, night, 24 hours, a week; visual analog scale,
numeric rating scale)'s-17

A tendinopathy pain-monitoring model originally described by Thomeé,'® and later
modified by Silbernagel et al,»92° has been popularized in recent years in helping both clinicians
and patients gauge how appropriate a level of tendon pain is, while rehabilitating. On a visual
analog scale (VAS) where 0 is no pain and 10 is the worst pain imaginable, pain is allowed to
reach a 5 while exercise training.'92° Pain after rehabilitation should subside by the following
morning.'92° It is important to note that this pain-monitoring model was originally published in
relation to Achilles tendinopathy, and although helpful, should be used with caution in the
application of other tendinopathies. The authors of this publication believe it to still be
appropriate given guidelines in the management of most tendinopathies, although it may need
to be modified based on the patient’s tolerance to load.

Isometrics

An isometric exercise is a form of muscle contraction where tension is built, but skeletal
muscle fibers don’t change length. Isometrics, which have become popular in recent years in the
management of tendinopathy,s are celebrated for their utility in post-operative neuromuscular
re-education and may provide generalized pain inhibition.22* The percentage of motor unit
recruitment is greater for isometric contractions compared to eccentric or concentric exercises
so they provide a means to strengthen muscle and enhance neuromuscular activation when joint

motion and external loading strategies may be limited due to injury or pain.2 Further, isometric
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loading may be preferable for short-term tendon pain management over other forms of exercise
loading, in particular for the in-season athlete.22 Dosage should be based on symptom severity
and irritability, but researchers have advocated for 5 sets of 45-second holds of moderate-
resistance isometric exercise performed at 70% maximum voluntary isometric contraction.>!
These recommendations were initially proposed for patellar tendinopathy?>' and clinicians
should extrapolate with caution when applying these exercise parameters to other tendons.

Isometric exercise in the management of tendinopathy has been challenged in recent
years with conflicting results reported in terms of immediate and short-term pain relief.5 A 2020
systematic review and meta-analysis determined that isometric exercise does not appear to be
superior to isotonic exercise in the management of chronic tendinopathies at other joints.5
Another 2020 publication found isometric exercises to not have additional benefit when
combined with eccentrics over a 3-month intervention period in the management of Achilles
tendinopathy.23 Despite the immediate or short-term analgesic effects of isometric exercise
being variable, it may certainly still be used as part of a progressive loading program in some
individuals.5 It is also important to note that often times isometrics are not prescribed in
isolation, and are typically threaded in a comprehensive tendinopathy rehab program amongst
other contraction types.
Isotonics and Eccentrics

For athletes who started initially with isometric programming, the tendon of focus
should soon improve to tolerate the demands of both concentric and eccentric contractions.
Isotonic exercise involves movement with constant external resistance. Many forms of external
resistance can be applied including gravity, dumbbells, barbells and so forth.24 Many athletes
may be able to forgo isometrics and focus the start of their rehabilitation primarily on isotonics.
The intent of isotonic programming begins to focus on restoring involved soft tissue strength,
bulk, and capacity in a functional range of motion.5 Heavy, slow, fatiguing resistance training
should be introduced as soon as possible.25 As to what constitutes a “heavy” load is highly
variable from athlete to athlete, and will likely need to be individualized.25

The eccentric portion of movement occurs when the force applied to the muscle exceeds
the force produced by the muscle itself, resulting in a lengthening muscle contraction against
resistance.” Eccentric exercise is an essential part of tendon loading protocols, however, it is a
common rehabilitative pitfall to prescribe them in isolation.25s Many modern rehab tendinopathy
programs often thread eccentrics amongst other contraction types listed in this section.
Eccentrics have historically been celebrated for their theorized benefits specifically in
tendinopathy management.2® They have been suggested to influence positive changes at the

cellular level through increased fibroblast activity and collagen synthesis in injured tissue.89 In
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some cases, these structural changes have been correlated with decreased pain during activity
secondary to a decreased release of pain-inducing factors.? These proposed benefits aside, other
publications in past decade or so have begun to encourage a greater focus on the magnitude of
loading instead.*2

Various recommendations exist across the literature regarding eccentrics depending on
the tendon of interest.25 Their application is occasionally contraindicated depending on the
portion of the tendon affected. This is especially evident at the calcaneal insertion of the Achilles
tendon, where compressive forces are greatest into end-range dorsiflexion.27.28 Although well-
intended, eccentrics for the Achilles are often prescribed here with the forefoot elevated,
encouraging irritable compressive forces at end-ranges of dorsiflexion. A similar situation
occurs at the proximal hamstring tendon and ischial tuberosity with hamstring exercise
programming in deep hip flexion.2s Further specific considerations will be explored in length at
the tendon specific sections toward the end of this manual.

With the aforementioned cautions in consideration and when determined appropriate,
recommended eccentric programming typically begins with bodyweight load for 3 sets of 15
repetitions, performed twice a day each day, with progressive increases in load as pain
diminishes.!° Eccentrics are often threaded among other heavy, slow resistance training, which
has similar benefits.° It is important to recognize that compared to other contraction types,
eccentrics allow for the highest magnitudes of mechanical loading.29 Given this, the contraction
type itself may provide less of the actual intended benefits, while the external load allowed by it
provides the proposed benefits in the treatment of tendinopathy.

As discussed in the Basic Science and Conceptual Load Management Theories section,
acute exercise in humans is followed by an increase in both collagen synthesis and degradation
of collagens®. A net synthesis of collagen eventually occurs after 36 to 72 hours after exercise.
Repeated training, or sessions of rehabilitation, without adequate rest in-between (24 hours)
may result in a net degradation of the matrix and may lead to further injury to the tendon.30-33
This consideration should be at the forefront of the clinician’s mind considering eccentric
training often leads to more soreness than other exercise modes.34
Energy Storage and Release (Plyometrics)

The final stage of tendinopathy programming will primarily focus on incorporating
energy storage and release principles.35 Of all the aforementioned contraction types, energy
storage and release drills and activities tend to be the most provacative for a tendon.25 This
phase should only be started once previous stages have been fully established as pain-free. This

phase should involve lateral, rotational, and cutting movements to graduate loads in multiple
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planes of movement. During this phase, heavy slow resistance training, isometrics,s and sport-

specific / return to play drills are often prescribed concurrently.
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Patellar Tendinopathy

Symptom Patterns®

Pain localized to the inferior pole of the patella (Figure 1)
* Pain that increases with knee extensor muscle loading, specifically during dynamic,
plyometric-type movements that require rapid storage and release of energy through
muscle contraction

Pain during loading activities rather than rest or static seated positions

Figure 1: Typical pain location associated with patellar tendinopathy. Illustration with

permission from Barc¢a Innovation Hub 2021 Tendon Guide.2

Causative Factors®3-7

Decreased quadriceps and hamstring flexibility+5

Abnormal patellar tracking patterns®

Altered landing biomechanics, thereby resulting in increased ground reaction forces3-°

Greater activity volumes”

Higher body weights”
*  Greater counter-jump movement height”
Movement Pattern Considerations

Hip versus knee dominant movement patterning, particularly during squat exercise
variations, can influence loading across the knee joint.9 An acutely, reactive patellar
tendinopathy would likely be better served with hip dominant squats, which act to offload the
patellar tendon. As the tendon progresses through rehabilitation and becomes more tolerant of
load, knee dominant squats become a suitable exercise prescription again.
Tendon Region-Specific Exercise Recommendations*'°-12

A recent 2023 publication by Silva et al investigated patellar tendon loading profiles of
common rehabilitation exercises.'s Traditionally, the single-leg decline squat is the most
commonly performed exercise for patellar tendinopathy.* However, appreciating other
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exercises that should precede the single-leg decline squat in terms of loading profiles (peak,
impulse, rate) is important, as some patients may not be immediately able to tolerate the single-
leg squat. Silva et al. examined 35 common rehabilitation exercises and created loading indices
for each exercise to organize into low, moderate and high categories. This is summarized below
in Table 1. The authors of this manuscript encourage the reader to reference Silva’s publication
should they wish to see a complete list of the 35 exercises with affiliated descriptive
biomechanical data.'

Table 1. Patellar tendon loading profiles separated by tierss. Phase to phase progressions should
be based upon the athlete’s ability to demonstrate a positive response to performing the
exercises outlined which considers pain levels, quality of movement and ability to gradually

increase loading. Note the context may vary from athlete to athlete based on health-history

related variables.
Tier Loading Profiles
Tier 1 (Mild) Walking, low step-up, squat to 609, low step down, high
step up
Tier 2 Bulgarian squat, sumo squat, single leg squat to 609, squat
(Moderate) (full depth), high step down, lunge, drop landing drill,

spanish squat, single leg squat (full), counter jump
movement drill, running

Tier 3 (High) Single limb maximal forward hop, single limb repeated
forward hops, single limb countermovement hop, run and
cut, single limb decline squat

As previously mentioned, progressive loading protocols, regardless of contraction type,
appear to provide similar improvements in pain and function with patellar tendinopathy.:215-18
As such, isometrics, concentrics, and eccentrics can be programmed with one another. Late
stage rehab should include energy storage loading and energy storage release.'%2° Should the
clinician wish to seek additional pain-relief for the patient with patellar tendinopathy, isometric
knee extensions have been shown to potentially induce an analgesic effect.’2! These may be
prescribed at the start of a rehabilitation program in hopes the analgesic effects may encourage
subsequent patellar tendon loading to be more comfortable. The isometric performed is typically
knee extension which can be performed into a wall or a locked knee extension machine. 2

Typical parameters include 5 repetitions of :45 seconds each at 70% max effort. 2!
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Achilles Tendinopathy

Symptom Patterns

Achilles tendinopathy can be classified into either insertional or midportion
tendinopathies. While symptoms are somewhat similar, the location of tendinopathy determines
the category.
Insertional: Localized within the first 2 cm of the attachment of the Achilles tendon on the
calcaneus.! Pain with activity and sensations of morning stiffness. Tenderness to palpation and
possible thickening in the area of pain.2
Midportion: Localized >2 cm above the attachment of the Achilles onto the calcaneus.* Pain
with activity and sensations of morning stiffness. Tenderness to palpation and possible
thickening in the area of pain.2 The majority of Achilles tendinopathies are located in the
midportion of the tendon (55% to 65%).34

( \

Figure. 1: Typical pain location associated with insertional Achilles tendinopathy (left). A typical
pain presentation for midportion Achilles tendinopathy (right). Illustration with permission

from Barca Innovation Hub 2021 Tendon Guide.5

Causative Factors

. Repetitive overloading of the Achilles tendon and training errors (rapid increases in
training intensity or duration)s3+

o Chronic diseases that affect tendon quality (i.e. diabetes, rheumatoid arthritis,

hypercholesterolemia):

. Use of fluoroquinolones, statins, or moderate alcohol use®

o Possibly decreased ankle dorsiflexion®-8 (although there is conflicting literature”.9)
o Decreased isokinetic plantar flexion weakness®

. Abnormal gait pattern with decreased forward propulsion or increased lateral foot

contact during forefoot flat phase®
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Movement Pattern Considerations

Although similar in clinical presentation, there are clear distinctions in the management
of these two conditions.2 For example, forefoot elevated eccentrics are more likely to aggravate
an insertional tendinopathy due to increased compressive loading into increased end-ranges of
dorsiflexion. Therefore, exercises are initially advised on a flat surface for those with insertional
tendinopathy.»© Midsubstance tendinopathies may better tolerate forefoot elevated
programming. If needed, the degree of dorsiflexion can be limited by placing a lift (.5 to 1 in)
under the heel.®°
Tendon Region-Specific Exercise Recommendations
A pain-monitoring model,"-3 first proposed by Silbernagel et al. in 2007, specifically for
Achillies Tendinopathy should be used. (See Figure 2.) During activity/rehabilitation,
immediately thereafter, or the following morning, the pain should not exceed a “5” on a Numeric

Pain Rating Scale of 0-10 (Figure 2). Pain and stiffness should not increase from week to week.

Safe Zone Acceptable Zone

0 2 5 10

No pain Worst pain imaginable

Figure 2. Pain Monitoring Model adapted from Silbernagel et al.®-13

As discussed previously, any type of muscle contraction can be used to mechanically load
the Achilles tendon. The focus should remain on progressive programming based on the
individual patient’s response.’° Exercise rehabilitation continues to remain the treatment with
the highest level of evidence in the management of Achilles tendinopathy.'*4-1¢ Throughout the
course of treatment, various types of heel raises are used for Achilles tendon loading. The
patient’s degree of symptoms and irritability should be the primary guide for advancing through
the rehabilitation protocol.*° The following summarized protocol was proposed by Silbernagel et
al. in a recent 2020 publication.*® The authors encourage the reader to reference this article for

the complete protocol with additional detail.

Phase #1, weeks 1 to 2 (or longer as needed)

May be performed once a day
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Loading Intensity: Progress loading up to 100% body weight with slow, controlled

motion

Exercise Examples: Two-legged heel raises on floor (3x10 to 15 repetitions), one-
legged heel raises on floor (3x10 repetitions), eccentric heel raises standing on floor

(3x10 repetitions), sitting heel raises (3x10 repetitions)

Phase #2, weeks 2 to 5 (or longer as needed)

May be performed once a day

Loading Intensity: Load on Achilles is progressed by increasing speed of movement

and the addition of adding external resistance

Exercise Examples: Two-legged heel raises on edge of step (3x15 repetitions), one-
legged heel raises on edge of step (3x15 repetitions), eccentric heel raises standing on

edge of step (3x15 repetitions), sitting heel raises (3x15 repetitions), quick-rebounding

heel raises (3x20 repetitions)

Phase #3, weeks 3 to 12 (or longer as needed)

Perform once a day and 2-3x/week with heavier load

Loading Intensity: Continue to progress external resistance and initiate plyometric

exercises as appropriate.

Exercise Examples: One-legged heel raises on edge of step with weight (3x15
repetitions), eccentric heel raises standing on edge of step with weight (3x15

repetitions), sitting heel raises with added weight (3x15 repetitions), quick-rebounding

heel raises (3x20 repetitions), sport-specific plyometric training

Phase #4, 3 to 6 months (or longer as needed)

Perform exercises 2-3x/week

Loading Intensity: Progress from previous phase to include sport-specific loading

speed and movement patterns on high-intensity days

Exercise Examples: One-legged heel raises on edge of step with added weight (3x15
repetitions), eccentric heel raises standing on edge of step with added weight (3x15

repetitions), quick-rebounding heel raises (3x20 repetitions)

Phase to phase progressions should be based upon the athlete’s ability to demonstrate a

positive response to performing the exercises outlined which considers pain levels, quality of
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movement and ability to gradually increase loading. Note the context may vary from athlete to

athlete based on health-history related variables.
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Adductor Tendinopathy

Symptom Pattern’?
* Pain that typically presents in the groin or lower abdominal region with occasional referral to
the medial thigh

Pain provocation with daily activities such as climbing stairs, transfers into/out of a bed or car
Pain with resisted adduction and/or passive abduction

Pain with sneezing or coughing

pain at origin
of adductor
longus tendon

Figure. 1: Typical pain location with Adductor tendinopathy. Illustration with permission from
Barca Innovation Hub 2021 Tendon Guide.3

Note: Early diagnoses and recognition of adductor tendinopathy is important to
appropriately manage this condition given the proximity of several complex anatomical
structures in and around the groin region and the broad differential diagnoses for groin pain
(e.g., osteitis pubis, sports hernia, iliopsoas bursitis, pelvic stress/avulsion fractures, lumbar
spine pathology, and hip impingement).#

Causative Factors®s

. Functional overuse caused by torsion and/or traction of the adductor tendon insertion,
particularly in sports involving sudden changes of direction, continuous
acceleration/deceleration, sliding tackles, and kicking

. Strength imbalance between the adductor and abdominal muscles

Lumbar hyperlordosis

Reduced flexibility of the posterior chain or iliopsoas muscles
Movement Pattern Considerations

Due to the interconnectivity of the adductor, proximal hip and abdominal muscles, exercise

programming should focus on both postural control and gradually loaded movements across
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multiple planes in order to best prevent strength asymmetries within these muscle groups which
can result from decreased and abnormal loading in the presence of adductor tendinopathy.!

Tendon Region-Specific Exercise Recommendations3%7

Phase #1, weeks 1 to 2 (or longer as needed)

May be performed multiple times per day

Loading Intensity: Within pain scale of 2/10

Exercise Examples: supine adduction squeeze isometrics (bent or straight knee);

5x30 seconds

Phase #2 , weeks 2 to 8 (or longer as needed)

May be performed 3x/weekly

Loading Intensity: Within pain scale of 4/10, utilizing heavy resistance as tolerated

Exercise Examples: standing cable resisted adduction, seated adduction machine,
Copenhagens short to long lever progression; 3x10 reps all exercises, 3 sec

concentric:3 sec eccentric sequencing to optimize slow resistance loading pattern

Phase #3, weeks 4 to 8 (or longer as needed)

May be performed 3x/weekly, includes continuation of phase 2 exercises

Loading Intensity: progress movement range, volume and speed as tolerated

Exercise Examples: standing cable resisted adduction (light to moderate
resistance), val slide/slide board adduction, lateral skater hops (short to long range); 3
sets of 8-10 reps, perform within a controlled range to optimize energy storage and

release capacity

Phase #4, gradually phased in as progression from phase 3 exercises,
includes continuation of phase 2 exercises

May be performed 3-5x/weekly, as tolerated

Loading Intensity: progress movement range, volume and speed as tolerated to

optimize energy storage loading

Exercise Examples: cutting/change of direction drills, multiplanar plyometrics;
exercises to be integrated within/as sports-specific training which will influence total

volume

Phase to phase progressions should be based upon the athlete’s ability to demonstrate a

positive response to performing the exercises outlined which considers pain levels, quality of
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movement and ability to gradually increase loading. Note the context may vary from athlete to

athlete based on health-history related variables.
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Proximal Hamstring Tendinopathy

Symptom Patterns’
Pain located in the buttocks region at the site of the hamstring origin/ischial tuberosity which

worsens during/after squatting, running, lunging, and/or prolonged sitting

. . ' /

S
|

.\

Figure. 1: Typical pain location associated with proximal hamstring tendinopathy as indicated

by the green circle. Diffuse pain patterns in the hamstring region resulting from other sources

are also indicated. Illustration with permission from Barca Innovation Hub 2021 Tendon

Guide.2

Note: Consideration of differential diagnoses is important to appropriately manage proximal

hamstring tendinopathy given the proximity of several complex anatomical structures

in/around the buttock region. Various differential diagnoses, such as lumbar spine pathology,

radiculopathy/nerve entrapment and metabolic disorders, typically have a diffuse and/or

radiating pain pattern compared to the localized pattern of proximal hamstring

tendinopathy.*?

Causative Factors!

. Compression of the hamstring tendon at its attachment through repeated or sustained
hip flexion

. Repeated shear forces between the ischial tuberosity and hamstring attachment from

increased and repeated hip flexion angles during sport or daily activity

. Increased sport training volume/intensity within a short period of time
: Sudden inclusion of sprinting, hurdles, hill training or lunge exercise in training
programs
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Movement Pattern Considerations

The degree of hip flexion associated with prescribed exercise programming is an
important consideration in the rehabilitation of proximal hamstring tendinopathy. High degrees
of hip flexion may result in provocative tensile and compressive loads at the tendon insertion
onto the ischial tuberosity3+ Due to this, early-stage rehabilitative programming should likely
remain in low degrees of hip flexion or in hip neutral if positions loaded with hip flexion are not
tolerated. For the same reasons, inclined sprints and speed training should be introduced
carefully,34 typically in late stages of rehab.

Tendon Region-Specific Exercise Recommendations’

Phase #1, weeks 1 to 2 (or longer as needed)
May be performed multiple times per day, implemented if the athlete cannot tolerate

isotonics and/or loaded positions in hip flexion

Loading Intensity: Within pain scale of 2/10

Exercise Examples: double/single leg progression bridge holds (straight leg

position), prone isometric hamstring curl; 5x45 seconds

Phase #2, weeks 2 to 4 (or longer as needed)

May be performed 3x/weekly

Loading Intensity: Within pain scale of 4/10, implementing heavy resistance where

applicable avoiding deep hip flexion angles

Exercise Examples: Hip thrusters, Nordic hamstring curls, double/single leg prone
hamstring curls; 2-3 sets of 8-10 reps; 3 sec concentric:3 sec eccentric sequencing to

optimize slow resistance loading pattern

Phase #3, weeks 4 to 8 (or longer as needed)
May be performed 3x/weekly

Loading Intensity: progress hip flexion angle and resistance as tolerated

Exercise Examples: double/single leg bridges, scooter pulls, sled pushes, weighted
step-ups, double/single leg Romanian deadlifts, barbell squats, multi-directional

lunges, leg press; 2-3 sets of 8-10 reps

Phase #4, week 8 onwards

Limit to 2 sessions/weekly, progress total sessions as tolerated
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Loading Intensity: progress movement range, volume and speed as tolerated to

optimize energy storage loading

Exercise Examples: cutting/change of direction/acceleration and deceleration
drills, multiplanar plyometrics, exercises to be integrated within/as sports-specific

training which will influence total volume

Phase to phase progressions should be based upon the athlete’s ability to demonstrate a
positive response to performing the exercises outlined which considers pain levels, quality of
movement and ability to gradually increase loading. Note the context may vary from athlete to

athlete based on health-history related variables.
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Rotator Cuff Tendinopathy

Symptom Patterns

Pain that radiates down the arm and hypersensitivity to pain upon palpation in the involved

region.!

Causative Factors23513

Weakness of the rotator cuff, trapezius and serratus anterior muscles
Poor control of the humeral head secondary to pain, weakness, or fatigue

Delay in rotator cuff or scapula muscle activation which results in altered positioning of
the humeral head and subacromial space

Anterior laxity and posterior joint tightness which results in retroversion of the humeral
head within the joint space

Under or excessive rotator cuff loading

Intrinsic factors such as aging and vascular changes

Lifestyle factors, including obesity and smoking

Irritation of rotator cuff tendons due to an impingement mechanism, potentially due to

swelling in the supraspinatus tendon

Note: As previously mentioned, given the complex interaction of a variety of multiple factors,

shoulder impingement and rotator cuff tendinopathy potentially reinforce mechanisms of each

condition and are not to be assumed to occur in isolation. 112

Movement Pattern Considerations

Internal and external rotation exercises during acute or subacute phases of rotator cuff

tendinopathy can often be painful. A small bolster can be placed between the elbow and body to

slightly abduct the arm and help slacken the supraspinatus tendon, potentially reducing irritable

levels of tension.+ With further degrees of shoulder abduction (90 degrees or more),

electromyographic studies show signal increases in the supraspinatus, infraspinatus and teres

minor.1s

Tendon Region-Specific Exercise Recommendations36

Phase #1, weeks 1 to 2 (or longer as needed)

May be performed multiple times per day

Loading Intensity: Within pain scale of 2/10 but performed in direction of pain or

weakness

Exercise Examples: internal/external rotation isometric holds (low to high angles

as tolerated, elbow supported, static or manual resistance); 3x30 seconds
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Phase #2, weeks 2 to 4 (or longer as needed)

May be performed every other day as tolerated

Loading Intensity: Within pain scale of 4/10, implementing light to moderate

resistance performed slowly

Exercise Examples: cable or dumbbell resisted internal or external rotation (elbow
supported, progress to scaption plane and 90/90 position as tolerated); 2-3 sets of 5
reps; 3 sec concentric:3 sec eccentric sequencing to optimize slow resistance loading

pattern

Phase #3, weeks 4 to 8 (or longer as needed)
May be performed 3x/weekly

Loading Intensity: progressing positioning and applied resistance as tolerated

Exercise Examples: prone/sidelying/standing manual resisted ER/IR, Diagonal
and empty-can shoulder raise patterns; 2-3 sets of 8-10 reps; 2 sec concentric:5 sec

eccentric sequencing to optimize eccentric loading

Phase #4, week 8 onwards

Limit to 2-3 sessions/weekly, progress total sessions as tolerated

Loading Intensity: progress movement range, volume and speed as tolerated to

optimize energy storage loading

Exercise Examples: ball throw variations, push-up plyometrics

Phase to phase progressions should be based upon the athlete’s ability to demonstrate a
positive response to performing the exercises outlined which considers pain levels, quality of
movement and ability to gradually increase loading. Note the context may vary from athlete to

athlete based on health-history related variables.
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