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Introduction 

Rotator cuff21, Achilles tendinopathies14, and anterior cruciate ligament (ACL) ruptures2 are 

common injuries plaguing individuals with medical conditions and those with musculoskeletal 

symptoms of all ages and skill levels. Such injuries occur when the integrity of the tendon-bone 

junction, two different tissue types is overcome by the force transmitted through it11. Early 

research could not establish a relationship between diabetes mellitus and calcaneal spurs18, but 

recently Ursini et al26 presented findings of plantar fascia enthesopathy without distal peripheral 

neuropathy in individuals with type 2 diabetes mellitus. One of the many risk factors for diabetes 

mellitus is obesity, which presents from multifactorial causes as well as insertional pain. Other 

common conditions targeting the enthesis are psoriatic arthritis (PsA) and spondyloarthritis 

(SpA)9. With varied conditions and impairments resulting with an enthesopathy, proper 

diagnosis of tissue specific impairment is integral to manage the patient’s condition and establish 

a treatment starting point. 

Clinical efficacy, effectiveness, and efficiency depend on a myriad of examination, evaluation, 

and intervention strategies to appropriately manage the individual’s condition. Intervention 

modalities and parameters are dependent upon the dynamic translation and interpretation of the 

individual’s chief complaints, the mechanism of injury, body language of pain presentation, and 

the clinical examination according to Typaldos25, the developer of the Fascial Distortion Model 

(FDM). Accounting for the biopsychosocial presentation also guides the clinician to identify the 

individual’s condition and implement the treatment starting point. 

Difficult musculoskeletal case presentations may lack a full and clear understanding of the tissue 

or physiology responsible for pain and dysfunction. Proper dysfunctional tissue identification 

and severity of injury will lead to a correct plan of care. The diagnostic evolution of tendinitis 

evolved with a reclassification as a tendinopathy. This change in nomenclature specified that 

inflammation was not the primary mechanism, but rather a degenerative process. Treatment 

parameters are different for insertional tendinopathies compared to mid-substance 

tendinopathies, and many clinicians continue to not understand the difference. Therefore, a 

deeper understanding of the microanatomy and pathophysiology of the enthesis will allow 

clinicians to determine effective examination and treatment techniques. 

What is the enthesis? 

Basically, the enthesis is the junction between soft tissue and hard tissue. It is an interdigitating 

interface between tendons, ligaments, or joint capsule to bone1,4,11,27 with the purposes of 

providing a stable anchor and dissipating and transferring mechanical stress from one tissue to 

another tissue6,11,22,27. Not all attachments consist of the same microanatomical structures and not 

all attachments have an enthesis. The enthesis is categorized into two subtypes, a fibrous and 

fibrocartilage enthesis3,24. Fibrous enthesis are periosteal or bony attachments on the metaphysis 

and diaphysis of long bones continuous with muscles such as the deltoid, short head of the biceps 

femoris, and the brachioradialis1. The angle of insertion, as in the pronator teres fibrous enthesis, 

transitions to a thick layer of cortical bone, compared to the peroneus longus tendon and 



fibrocartilage enthesis which appears continuous with the trabecular bone line of force.  The 

periosteal attachments are designed to spread the force over a greater surface area. 

The fibrocartilage enthesis consists of the distal end of the tendon, ligament, or joint capsule, 

uncalcified fibrocartilage, tidemark, calcified fibrocartilage, and bone1,3,10 (See Figure 1). 

Fibrocartilage entheses are prone to overuse injuries and may be a reason for its increased focus 

compared to fibrous entheses. The enthesis organs consisting of 

sesamoid and/or periosteal fibrocartilage. Some of the enthesis 

organs such as the biceps brachii and the patellar tendon insertions 

are extra-articular, whereas the entheses of the tibialis anterior 

insertion, popliteal tendon, tibial attachments of the ACL and the 

posterior cruciate ligament are articular enthesis organs4,5. 

Genin and colleagues11 described the enthesis as a continuous and 

functionally graded tissue dependent upon the collagen fiber 

orientation, mineral concentration, and biomechanical properties. 

The tidemark is a functional threshold of force transmission 

between the tendon and bone. The uncalcified fibrocartilage is 

predominantly comprised of types II and III collagen, the calcified 

fibrocartilage is predominantly comprised of type II and X collagen and aggrecan, and bone is 

predominantly type I collagen and carbonated apatite. Compared to the tendon, the uncalcified 

and calcified fibrocartilage zones are half as stiff, and the bone is twice as stiff. The fiber 

orientation of the fibrocartilage creates a zone of force dissipation. The tendon fibers are 

uniformly aligned compared to the fibrocartilage and bone. 

The tidemark is a 500 m-thick transition zone between the uncalcified fibrocartilage and the 

calcified fibrocartilage. There is a gradual reduction in collagen fibers and contains fibroblasts in 

a cartilaginous matrix21. The tidemark and calcified fibrocartilage are integral in the 

mechanotransduction of force through the area to the bone. The transition zone is the structure 

responsible in preventing ruptures and act as a buffer for serious tissue injury and its shape 

reflects the individual’s physical activity and loading history on the body part2.  Beaulieu et al2 

investigated the microscopic anatomy of the ACL and determined the posterolateral fibers resist 

tibial internal rotation and the anteromedial fibers resist anterior tibial translation. Less 

fibrocartilage was observed at the posterolateral enthesis and may be an important variable for 

ACL injuries with an internal rotation focus. If there is less fibrocartilage, the transition from 

tendon or ligament to bone is more abrupt and result in higher forces due to the steeper angle of 

the posterolateral versus the anteromedial fibers of the ACL. Researchers reported ACL reinjury 

rate of 74% at the femoral enthesis. Chronicity of this condition leads to arthritis from the new 

bone growth around the enthesis. Validating the need for stress on tissues according to Wolff’s 

law is also understood by Schwartz et al23 where they examined an unloading design using 

botulinum toxin to paralyze mice rotator cuff tendons and observe the developmental 

consequences. They found a reduction in tendon cross sectional area as well as strength, 

stiffness, and collagen fiber alignment. 

  

Figure 1 Gao et al 1996. Drawing 
of fibrocartilage enthesis. 



What is the pathophysiology of an enthesopathy? 

Entheseal injury occurs when the force, typically an eccentric action, exceeds the limits of its 

structural integrity. Such injuries rank low in severity like mild discomfort to tendon or 

insertional tendon ruptures. Enthesitis causes include inflammatory, mechanical, synovio-

entheseal complex, autoimmune, and genetic factors24. When the injurious force exceeds the 

integrity of the enthesis, inflammatory and immune reactions ensue including proinflammatory 

cytokines and prostaglandins, nitric oxide, and other growth factors leading to apoptosis and 

collagen degradation.  The synovio-entheseal complex present with irritations to the 

proinflammatory synovial membrane15,16 of the bursa or adipose tissue which is a result of 

dysfunction movement of the tendon near the attachment to the bone. The neovascularization 

may arise from the adipose tissue near the enthesis or from the bone marrow to deliver 

mesenchymal stem cells required for the healing process. Enthesophyte causes include 

inflammatory, molecular, and mechanical factors. The entheseal environment is affected by 

mechanical stress, genetic susceptibility, and microbial-triggered immune activation. The 

prostaglandin E2 and IL-23-IL17 axis progress to the influx of innate immune cells and homing 

of inflammation into the enthesis and followed by mesenchymal tissue responses and new bone 

formation7,22. 

Single versus multiplanar vector forces causing the “shifting” of the transition zone25 in an 

inverted or everted position. The disuse of muscular force through the enthesis may create 

dysfunctional collagen fiber alignment resulting in limited mechanical loading functionality in 

developmental phases23. Most of the disuse paradigm is centered at the effects on the muscle 

tissue, but this literature suggested a greater reach to the enthesis. This understanding may 

provide insight to injury prevention and athletic performance for youth athletes. 

Other conditions such as myofascial restrictions, triggerbands25, and muscle strains can cause 

enthesopathies secondary to the increased tension between the attachment points. The increased 

tension reduces the ability for the body part and the attachments to dissipate the high force from 

muscular contraction or ground reaction force quick enough and avoid injury. If the anatomical 

dysfunction remains, enthesopathies develop and persist over time. Chronicity of enthesopathies 

present with new bone growth at the attachment sites7,15. Compression more than traction may be 

the mechanism for calcaneal spurs according to Menz et al18. McGonagle and colleagues17 

reported that bone erosions tend to occur around the proximal enthesis in patients with 

spondyloarthritis and in regions with higher compressive forces. The researchers observed bone 

spur formation present in patients without disease and concluded that it may be a normal 

presentation with aging. Wolff’s law applies to the fibrous section of the enthesis where bony 

adaptation occurs along the lines of force. 

Jacques and coworkers13 observed osteophyte growth in mice hindlegs after the inflammatory 

phase. A group of mice were suspended by the tail for 28 days to eliminate mechanical loading 

and the control group was kept in a normal cage. The suspended mice group had significantly 

smaller osteophytes than the control group. The researchers concluded the severity of the 

inflammation may be an important indicator for subsequent osteophyte growth. Most of the 

osteophyte growth was observed at the enthesis not the joint. 



What are the clinical manifestations and assessment of 

an enthesopathy? 

Individuals with ankylosing spondylitis (AS) or PsA 

commonly present with enthesopathies as the condition 

progresses. The Spondyloarthritis Research Consortium of 

Canada Index (SPARCC) assesses nine potential 

compromised sites, bilateral for a total of 18 sites, the 

insertional Achilles tendon and plantar fascia on the 

calcaneus, tibial tubercle, inferior and superior poles of the 

patella, greater trochanter, insertional supraspinatus tendon, 

medial and lateral humeral epicondyles for presence of an 

enthesitis. The Leeds Enthesitis Index (LEI) is similar to the 

SPARCC but focuses on the tenderness by digital palpation 

of bilateral lateral humeral epicondyles, bilateral medial 

femoral epicondyles, and bilateral Achilles tendon 

insertions on the calcaneus, digital pressure (about 4kg/cm2) 

is applied to determine site tenderness which is the amount 

of pressure to blanch the nail bed.  

According to the Fascial Distortion Model, the patient is the 

expert for understanding his or her pain experience and 

related to enthesopathies, the patient will indicate the painful spot with one finger near the 

tendon insertion to bone. Insertional Achilles tendon and plantar fascia account for about 45% of 

the enthesopathies, medial and lateral humeral epicondyles about 26%, superior and inferior 

poles of the patella and the tibial tubercle about 11%. 

Assessment of an enthesitis by diagnostic ultrasound (US) is preferred over magnetic resonance 

imaging (MRI) and computed tomography (CT) secondary to being cost-effective, practical and 

for its ease of use. Early diagnosis of inflammatory conditions, via US, allow health care 

practitioners to initiate aggressive therapeutic interventions20. The real-time image allows the 

practitioner to visualize the tissue responses from different angles and pressures, with movement, 

treatment, and other interventions. Although intrarater reliability has been reported as poor, some 

authors reported moderate to good interrater reliability. Sudol-Szopinska et al24 listed the clinical 

examination with the pain inquisition after exercise termination and observing the pain 

presentation while under compression.  

Ultrasound is a significant assessment tool to determine the extent of entheseal involvement15,27 

in conditions such as spondyloarthritis (SpA) or psoriatic arthritis. The clinical manifestations of 

enthesitis diagnosed with ultrasound include hypoechogenicity, tendon thickness, enthesophytes, 

calcifications, erosions, bursitis, global enthesitis. Sudol-Szopinska and colleagues24 used 

diagnostic ultrasound to diagnose enthesopathies by observing anatomical changes. 

Hypoechogenicity is a result of edema or scar tissue disrupting the fibrillar structure. With high 

mechanical forces applied to the enthesis, the collagen fibers break or unfold resulting in an 

increased volume. Ossification occurs at the enthesis and neighboring structures after the initial 

Figure 2 Gao et al 1996. Failure points of the 
medial collateral ligament 



insult. Opposite from ossification, the enthesis also erodes on the bony end. Iagnocco and co-

workers12 examined people with psoriatic and rheumatoid (RA) arthritis with power Doppler 

ultrasound (Logiq9/Logiq5 GE machine; 8-15 MHz linear probe). They reported 391 

enthesophytes (36.8%) and 67 erosions (6.3%) for people with PsA, and 107 enthesophytes 

(29.4%) and 5 erosions (1.4%) for people with RA. Both enthesophyte and erosion findings were 

significant p=0.011 and p=0.0002, respectively. 

What are common non-manual management strategies for an enthesopathy? 

Once the proper diagnosis of tissue-specific impairment is made, the clinicians can develop a 

plan of care to reverse the impairments, establish an optimal movement strategy, then restore the 

functional task. Dilger and Chimenti8 reviewed the nonsurgical options for insertional Achilles 

tendinopathy which they emphasized the specific diagnosis and subsequent specific treatment 

parameters. Exercise continued to be the primary treatment modality, specifically reduced 

dorsiflexion range of motion eccentric exercise. The full range of motion option presented with 

non-responders which may be attributed to the compressive forces at the end range of motion. If 

the patient is a non-responder to exercise protocol, the authors recognized the use of 

extracorporeal shock wave therapy (ESWT) and its partial pain reduction effects. Other 

modalities include soft tissue mobilization and nutraceutical intervention. 

Nourissat and colleagues19 examined the effect of mesenchymal stem cells on regeneration of a 

rat Achilles tendon-bone junction. The Achilles tendons were resected then surgically reattached 

without any cell injection (group 1), injected with chondrocytes (group 2), and injected with 

mesenchymal stem cells (group 3). Both groups 2 and 3 presented with improved healing and 

load-to-failure status 45 days after surgical intervention compared to the control group. Group 3 

displayed new organized columnar chondrocyte entheses compared to group 2, consequently, the 

morphological and biomechanical properties of the reconstructed enthesis was similar to the 

native enthesis. 

What are common manual management strategies for an enthesopathy? 

Jayaseelan14 reported favorable outcomes for a 51-year-old male runner with chronic insertional 

Achilles tendinopathy. The focus was to improve joint mobility via multi-graded joint 

mobilization techniques applied to the talocrural, subtalar, and the hip joints of the affected lower 

extremity since he presented with joint hypomobilities. Combining exercises post-manual 

therapy and progressive return of running distances facilitated the individual’s positive outcomes 

and reduced pain presentation.  

The goal is to reduce the compression of the anterior distal Achilles tendon. The movement or 

position responsible for compressive forces is increased ankle dorsiflexion under loaded tension. 

Symptomatic individuals with insertional Achilles tendinitis will benefit from inserting a heel lift 

to decrease the ankle dorsiflexion forces. Simultaneous stretching of the Achilles tendon, joint 

mechanics is imperative to gradually eliminate the heel lift. We need to make sure the individual 

does not present with an adaptive shortened Achilles tendon secondary to the incorporation of 

the heel lift. 



What is a continuum distortion according to the Fascial Distortion Model? 

Another manual therapy approach to reversing the debilitating and painful presentation of 

enthesopathies was developed by Stephen Typaldos, DO. He was an American emergency 

medicine physician then transitioned to full-time osteopathic manipulation medicine before his 

untimely death in 2006. He originated and developed the Fascial Distortion Model (FDM) by 

outlining six distortions and associated it with the patient’s pain presentation. The unique quality 

of the FDM is Dr. Typaldos’ intuitive ability to connect the patient’s pain body language to the 

clinical examination and associate proper manual and non-manual treatment modalities to correct 

the distortion. This pain body language is universal and consistent regardless of the verbal 

language of the patient. The Model guides the practitioner during the examination and the 

treatment processes. One of the six distortions is called a continuum distortion and is the clinical 

manifestation of an enthesopathy. A continuum distortion (CD) is associated with conditions 

such as acute ankle sprains, frozen shoulders, costochondritis, and low back pain25. 

Typaldos25 defined a continuum distortion as the inability of the transition zone of the enthesis to 

structurally react to extreme forces. The transition zone is known as the tidemark in the enthesis 

literature. The anatomical perspective in the FDM is the bone possess 

a higher osseous composition whereas the ligament or tendon possess 

a lower osseous composition.  The continuum distortion occurs when 

the shifting of osseous components toward the ligamentous or bony 

end of the enthesis to preserve structural integrity and avoid injury. If 

a unidirectional force occurs at the same time as a multidirectional 

force at another portion of the same enthesis, it will be a split 

condition of osseous and ligamentous. If the force is great enough, the 

enthesis with over shift, meaning the osseous material is pushed into 

one direction and cannot return to homeostasis once the force stimulus 

is removed. This presents as ligamental dysfunction then transmits to 

the brain a dysfunctional mechanical stimulus which is interpreted as 

pain. If the patient is asked about his or her pain, he or she usually 

points with one finger to a spot at or near the insertion of a tendon, 

ligament, or joint capsule to the bone. Treatment of the CD employs 

the clinician’s thumb tip over the painful spot, paying attention to the 

vector from the body language and mechanism of injury. The 

continuum technique lasts seconds and the applied force is strong and may partially resemble the 

force causing the continuum distortion. Treatment is an “all or none” principle which means the 

distortion needs to shift in its entirety or it is not complete. Following the treatment, re-establish 

force, tension, and effort through the treatment area then reassess the dysfunctional movement. If 

the patient continues to report pain with one finger to a spot, it may be in a different location, but 

the patient may not be able to discriminate the change in location.  

The theory of the continuum distortion leads to a potential triggerband. The clinical 

manifestations of a triggerband are muscle weakness and balance challenge. The clinical 

manifestations of a continuum distortion are restriction of range of motion. Conditions like 

Figure 3 Body language of a 
continuum distortion. 



ankylosing spondylitis and psoriatic arthritis present with generalized stiffness.  The common 

enthesitis sites from the SPARCC may lead to the subsequent triggerband in the path of the 

kinetic chain. Jacques et al13 new bone formation is driven by mechanical strain from enthesitis. 

In conclusion, many common musculoskeletal injuries are enthesopathies, where clinicians do 

not understand its etiology, assessment criteria, and treatment parameters. Lack of understanding 

of may lead to poor treatment effectiveness and efficiency. Knowledge of enthesis anatomy and 

pathophysiology, assessment and treatment approaches facilitate the clinician to employ the 

skills and abilities to determine the treatment starting point and progression of restoration. 

Learning the FDM and being able to treat a CD, enthesopathy, will allow clinicians to help 

people in their communities eliminate pain, restore movement, and thrive. 
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