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Why are they important in musculoskeletal medicine?

3. How?

How do normal entheses look like on ultrasound?
How do pathological entheses look like on ultrasound?
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Which are the elementary sonographic lesions of enthesopathies?
Which of them point to acute and which to chronic processes?
Which US indices can we use to assess enthesitis in SpA?

5. Can we use ultrasound assessment of entheses to monitor (biologic) therapy in SpA?

But first some history:
 1959 – G. La Cava used the term "enthesitis" to designate traumatic injures of
tendons attachments into bone.
 1966 – Term “Enthesopathy” used by Niepel.
 1971 – Entheses are centrally affected in ankylosing spondylitis in contrast to
rheumatoid arthritis (J. Ball).
• 1994 – Entheses of lower limbs first evaluated by ultrasound in SpA (Lehtinen).
Edema at entheses: most frequent US sign; Achilles and plantar fascia - most commonly affected,
50% of entheses with US edema were clinically silent – added value of US.

• 2002 – First standardized ultrasound index to assess multiple entheses in SpA
(Balint).
10 entheses in lower limbs were assessed systematically and a point was given for each lesion.

What are entheses?
The integration of tendon,
ligaments and joint capsules into
bone occurs at a specialized
interface known as enthesis.

Enthesis - structurally
Images are from www.enthesis.info

continuous gradient from
uncalcified tendon to calcified
bone, i.e. from

tissue.

soft to hard

What is the entheses function?
• The attachment of a
tendon/ligament to the skeleton.
• Transmission of contractile forces
from the muscle belly to the
bone.
• Dissipation of the mechanical
forces.
(Accumulation of stress in the enthesis
itself could be four times greater than in
the tendon midsubstance).
Benjamin M et al: Where tendons and ligaments meet bone: attachment sites (‘entheses’) in relation to exercise and/or mechanical
load, J. Anat, 2006, 208, 471-490.

What is the structure of entheses?
Entheses can be divided according to their structure into
fibrous
fibrocartilaginous
and

Images from: Benjamin M et al: Where tendons and ligaments meet bone: attachment sites (‘entheses’) in relation to
exercise and/or mechanical load, J. Anat, 2006, 208, 471-490.

Fibrocartilaginous entheses: 4 zones
1. Tendon
2. Uncalcified fibrocartilage: an avascular zone of
unmineralized fibrocartilage, that dissipates stress
generated by bending collagen fibers in the tendon.

Tidemark: the boundary between soft and hard tissues.
3. Calcified fibrocartilage: an avascular zone of
mineralized fibrocartilage, which is highly irregular with
numerous interdigitations into the bone.

4. Bone

Image from: Apsotolakos J et al: The enthesis: a review of the tendon-to-bone insertion, Muscle, Ligament and Tendon Journal,
2014,4, 332-342.

Fibrous Entheses

Fibrocartilaginous Entheses

Common Attachment
Metaphyses and Diaphyses of long bones

Epiphyses

Composition
Perforating mineralized collagen fibers – “bony”
and “periosteal” types

Four distinct zones: pure fibrous, unclarified
fibrocartilage, calcified fibrocartilage, bone

Example
Deltoid attachment to the humerus, Adductor
magnus to the femur

Rotator Cuff, Achilles Tendons, Common extensor
to the humerus

“Fibrocartilage”

Terminology
Enthesitis: a term limited to the presence of active inflammation of
the enthesis (mainly in SpA).

Enthesopathy: a broader term used in all kinds of structural
alterations of the entheses, regardless of the etiology (metabolic,
traumatic, degenerative….).

Histopathology in enthesitis and enthesopathy

A. Focal inflammatory infiltration of lymphoid cells in the area of a
tendon enthesis (200x magnification, H&E stain); B. Focal necrosis
and chronic inflammatory infiltration in the region of a tendon
enthesis (200x magnification, H&E stain),
from Sudol-Szopinska et al: Enthesopathies and enthesitis. Part 1.
Etiopathogenesis, Journal of Ultarsonography, 2015,15, 72-84.

 In both: disorganization of the
normal fibrillary structure.
 In enthesistis there is a
remarkable infiltrate of
inflammatory cell and also more
prominent neoangiogenesis,
more diffuse erosive bone
changes, and more extensive
bone marrow edema.

Why are entheses important in Rheumatology?
Inflammation of entheses (enthesitis) is a key pathological lesion in
all subtypes of the spondyloarthritides.
Detection of enthesitis could aid to diagnose SpA earlier.
Monitoring of enthesitis could be used to evaluate the treatment
progress in SpA.
Entheses are frequently involved in many mechanical (sport or
overused related), as well as in metabolic and degenerative diseases.
Enthesopathies are the underplaying lesions in many regional pain
syndroms.

How does a normal enthesis look like on ultrasound?
Fibrillar echotexture (fine parallel hyperechoic
lines, separated by each other by sonolucent
interspaces);
1-2 mm from the cortical bone diffuse
hypoechogenicity prevail (due to obliquity of the
inserting fibers and the presence of
fibrocartilage).
The margins are well-defined and regular, while
the thickness is the same as that of the
corresponding tendon.
The subentheseal bone cortex exhibits sharp
hyperechoic profile.
There are no Power Doppler signals from the
enthesis itself, but normally there is a single
artery (feeding vessel) adjacent to it.
Falseti P et all: Ultrasound in enthesopathy in rheumatic diseases. Mod Rheumatol, 19, 2009, pp 103-113.

How does a pathological enthesis look like on
ultrasound?

Proximal patellar enthesis of a 41-year-old patient with Crohn related SpA

How does a pathological enthesis look like on
ultrasound?
OMERACT ultrasound group preliminary definition of
enthesopathy (2005):

Achilles
enthesis of a
44-year-old
patient with
AS

“Abnormal hypoechoic (loss of normal
fibrillar architecture) and/ or
thickened tendon or ligament at its
bony attachment (may occasionally
contain hyperechoic foci consistent
with calcifications), seen in two
perpendicular planes that may exhibit
Doppler signal and/or bony changes,
including enthesophytes, erosions, or
irregularities”.
Wakefield RJ et al: Musculoskelatal ultrasound including
definitions for ultrasonographic pathology. J Rheumatol 2005;
32:2485-7.

Which are the elementary lesions or sonographic
features of enthesopathy and enthesitis?
1.
2.
3.
4.
5.
6.

Hypoechogenicity
Increased thickness
Enthesophytes
Calcifications
Erosions
Doppler signal at the enthesis

Which are the elementary lesions or sonographic
features of enthesopathy and enthesitis?
 Hypoechogenicity: a lack of
the homogeneous fibrillar
pattern with loss of the tightly
packed echogenic lines after
correcting for anisotropy.
Terslev L et all: Defining Enthesitis in Spondyloarthritis by
Ultrasound: Results of a Delphi Process and of a Reliability
Reading Exercise. Arthritis Care and Research, 2014,Vol 66
pp 741-748.

Distal patellar enthesis in PsA

Anisotropy

Which are the elementary lesions or sonographic features of
enthesopathy and enthesitis?
 Increased thickness of the
enthesis: increased thickness
of the tendon/ligament/capsule
insertion into the bone, as
compared to the body of the
tendon/ligament/capsule, with
or without blurring of the
tendon/ligament/capsule
margins.
Proximal patellar enthesis in AS

Terslev L et all: Defining Enthesitis in Spondyloarthritis
by Ultrasound: Results of a Delphi Process and of a
Reliability Reading Exercise. Arthritis Care and Research,
2014,Vol 66 pp 741-748.

Which are the elementary lesions or sonographic features of
enthesopathy and enthesitis?
 Enthesophytes: a step up of

bony prominence at the end of
the normal bone contour, seen
in 2 perpendicular planes, with
or without acoustic shadow.

Terslev L et all: Defining Enthesitis in Spondyloarthritis by
Ultrasound: Results of a Delphi Process and of a Reliability
Reading Exercise. Arthritis Care and Research, 2014,Vol 66
pp 741-748.
Achilles enthesis in AS

Which are the elementary lesions or sonographic features of
enthesopathy and enthesitis?
 Calcifications: a hyperechoic

(bright) foci consistent with
calcific deposits, with or without
acoustic shadow, seen in 2
perpendicular planes, detected
at the tendon insertion into the
bone (i.e. enthesis).

Terslev L et all: Defining Enthesitis in Spondyloarthritis by
Ultrasound: Results of a Delphi Process and of a Reliability
Reading Exercise. Arthritis Care and Research, 2014,Vol 66
pp 741-748.
Quadriceps enthesis in PsA

Which are the elementary lesions or sonographic features of
enthesopathy and enthesitis?
 Erosion: a cortical breakage
with a step down contour
defect, seen in 2 perpendicular
planes, at the insertion of the
enthesis to the bone.
Erector spinae enthesis in AS

Terslev L et all: Defining Enthesitis in Spondyloarthritis by
Ultrasound: Results of a Delphi Process and of a Reliability
Reading Exercise. Arthritis Care and Research, 2014,Vol 66 pp
741-748.

Which are the elementary lesions or sonographic features of
enthesopathy and enthesitis?
 Doppler signal at the
enthesis: Doppler activity

approximately <2 mm near the
bony cortex. The Doppler signal
must be at the enthesis,
different from reflecting surface
artifact or nutrition vessel signal.

Terslev L et all: Defining Enthesitis in Spondyloarthritis by
Ultrasound: Results of a Delphi Process and of a Reliability
Reading Exercise. Arthritis Care and Research, 2014,Vol 66
pp 741-748.

Achilles enthesis in AS

“Good to high agreement between experts (>80%) was reached for:

-hypoechogenicity,
-increased thickness of the tendon insertion,
-calcifications,
-enthesophytes,
-erosions and
-Doppler activity.
Moderate agreement (76%) was reached for cortical irregularities,
less agreement (<60%) was obtained to include bursitis or tendinitis as elementary components of
enthesitis.” (Terslev et al, 2014)

Which of these features point to active and which to
chronic processes?
• Acute or active lesions/non-structural or potentially
reversible changes: hypoechogenicity, thickening and

Doppler signal.
• Chronic or inactive lesions/structural or potentially
irreversible changes: erosions, enthesophytes and

calcifications.

Entheses on ultrasound:
some tips
for your US practice…

Entheses on ultrasound

 Place the patient in a
comfortable position

Entheses on ultrasound

 Use high frequency
(> 10 MHz) linear
transducer

Entheses on ultrasound
 Be careful to be parallel to the tendon fibers
 Do not apply too much pressure with the probe
 Pay attention to all parts of the enthesis

Entheses on ultrasound

 Measure thickness where
deep tendon margin
crosses the bone
profile

Entheses on ultrasound
Longitudinal
plane

 Every pathological lesion
should be documented in
two perpendicular planes
Transverse
plane

What about the entheses at the patient level
Which clinical and US indices can we use to assess
simultaneously many entheses in the same patient with
SpA?
What do we have in our armamentarium?

Clinical indices to assess enthesitis
 MEI (Mander enthesis
index, Mander 1987)
evaluates 66 entheses,
establishing not only if there
is pressure pain but also
ranking it (0-3).

Priscilla C et al: Measuring Disease Activity in Psoriatic Arthritis. International Journal of Rheumatology, 2012.

Clinical indices to assess enthesitis

 MASES (Maastricht
Ankylosing Spondylitis
Enthesitis, L HeuftDorenbosch 2003) assess
presence/absence of pain in
13 entheses (simplification
of MAI).

Priscilla C et al: Measuring Disease Activity in Psoriatic Arthritis. International Journal of Rheumatology, 2012.

Clinical indices to assess enthesitis
 SPARCC (Spondyloarthritis
Research Consortium of
Canada enthesitis index, W.
Maksymowich 2008) assess
presence/absence of pain in
16 entheses (based on
studies with PDUS and MRI).

Priscilla C et al: Measuring Disease Activity in Psoriatic Arthritis. International Journal of Rheumatology, 2012.

Clinical indices to assess enthesitis

 LEI (Leeds Enthesitis
Index, P. J. Healy, 2008)
assess presence/absence
of pain in 6 entheses in
PsA patients.

Priscilla C et al: Measuring Disease Activity in Psoriatic Arthritis. International Journal of Rheumatology, 2012.

Which US indices can we use to assess enthesitis in SpA?
Ultrasound can be used for comprehensive, standardized
assessments of several entheses in a given SpA patient.
There are two gray scale indices (GUESS and SEI)
and two that incorporate PD US as well
(MASEI and D’Agostino).

Entheses assessed in GUESS, SEI and MASEI
Degree of
knee flexion:
GUESS: 30°
SEI: 60°
MASEI: 70°

Entheses assessed in GUESS, SEI and MASEI

Degree of ankle flexion:
GUESS: 90°
SEI: neutral
MASEI: 90°

MASEI: + caudal Triceps enthesis (+PD)

Degree of elbow
flexion: 90°

US indices: reference value for thickness of the assessed
entheses:
Increase in thickness if:
 Plantar fascia enthesis ≥ 4.4 mm;
 Achilles enthesis ≥ 5.29 mm;
 Patellar entheses (proximal and distal) ≥ 4.0 mm;
 Quadriceps enthesis ≥ 6.1 mm;
 Triceps caudal enthesis ≥ 4.3 mm.

Gray scale US indices
GUESS (Balint et all, 2002)

SEI (Alcade et all,2006)

Evaluated entheses

Quadriceps
Proximal patellar
Distal patellar
Achilles
Plantar fascia

Quadriceps
Proximal patellar
Distal patellar
Achilles
Plantar fascia

Individual lesions

Thickness
Enthesophytes
Erosion
Bursitis (if applicable)

Acute (SEI-A):
↑ thickness
↓ echogenicity
Paratendinous edema
Bursitis (if applicable)
Chronic (SEI-C):
↓ thickness
Calcifications
Tendon tears
Erosions

Score

Absent = 0
Present =1
GUESS range: 0–36

Absent = 0
Present = 1
SEI-A range: 0–36
SEI-C range: 0–40
Combined: 76

Gray scale + PD US indices
MASAI (de Miguel et all, 2008)

Ultrasound Staging Index (by
D’Agostino et all, 2003)

Evaluated enthesis

Quadriceps, Proximal patellar
Distal patellar, Achilles
Plantar fascia, Triceps caudal

Quadriceps, Proximal patellar,
Distal patellar, Achilles
Plantar fascia, Anterior tibial,
Trochanter, Lateral and Medial
epicondyle humerus

Individual lesions

Thickness
Enthesophytes/calcifications
Erosion
Bursitis (if applicable)
Structure, Doppler

Thickness
Enthesophytes
Erosion
Bursitis (if applicable)
Doppler

Score

↑ thickness ( 0/1)
Structural changes (0/1)
Bursitis (0/1)
Enthesophytes/calcifications
(0/1/2/3 )
Erosions (0/1/2/3)
Doppler (0/1/2/ 3)
Range 0–136
Best cut off point>18

Staging: 1 Doppler signal at the
cortical junction no findings in B
mode. 2A Doppler signal + edema
and/or decreased echogenicity in B
mode. 2B findings in B mode as
stage 2A, no Doppler. 3A stage 2A +
erosions and/or calcifications
(optional associated bursitis). 3B
stage 3A findings, no Doppler.

Alternatively to the sonographic indices, ultrasound can be used to
evaluate a single enthesis according to the patient’s complaints:

What most studies have in common is the discordance
between clinical and ultrasound findings – subclinical enthesitis,
and the high added value of US:
Balint et al 2002
75/348 (22%)

Clinically painful
entheses
Sonographically
195/348 (56%)
abnormal entheses

Most common
↑ thickness
pathologic features Enthesophytes

Alcade et al 2006
35/440 (8%)

Spadaro et al 2011
64/432 (14,8%)

109/440 (25%)

192/432 (44,4%)

Hypoechogenicity Calcifications
(SEI-A)
Enthesophytes
↑ thickness (SEI-A) ↑ thickness
Erosions (SEI-C)

Why some of the pathologically looking entheses on US are also
clinically painful, while others are not?
– role of the nerves growth into the enthesis, of the adipose tissue or
adjacent synovium?

Some new concepts may shed light…..
(Benjamin and McGonagle)

Entheses organ concept:

Image from: Benjamin M et al: Where tendons and
ligaments meet bone: attachment sites (‘entheses’) in
relation to exercise and/or mechanical load, J. Anat, 2006,
208, 471-490.

“a collection of tissues at and near the
enthesis, which serve a common
function. This explains why enthesis
associated pain may be felt over a
greater territory than the insertion
itself. Enthesis organ comprises also of
perienthesial fat tissue – with
proprioceptive and nociceptive
properties as well as a source of
inflammatory mediators and blood
vessels.” (McGonagle, Benjamin, 2009)

Synovio-entheseal complex
“enthesis fibrocartilage is
avascular structure and near
bursa or joint dependent on
adjacent synovium for
nourishment. That is why lesions
in enthesis could possibly trigger
an inflammatory response in the
adjacent vascular synovium (i.e.
Image from: Benjamin M et al: Where tendons and
ligaments meet bone: attachment sites (‘entheses’) in
relation to exercise and/or mechanical load, J. Anat, 2006,
208, 471-490.

enthesitis could trigger
synovitis or bursitis)”. (McGonagle,
Benjamin, 2009)

Functional enthesis concept
“at places where tendon moves in
the vicinity of a bone, which acts
as a pulley or under thick bands of
tissue called retinaculae (in hand
and foot), fibrocartilage is present
on the under-surface on tendons
in contact with bone.
Fibrocartilage is also present on
the adjacent bone surface.”
(McGonagle, Benjamin, 2009)

Functional enthesis concept
“Functional entheses are prone to
the same pathological process as
real entheses and could lead to
tenosynovitis or dactilitis. In
general the role of the functional
enthesis in tendonitis and overuse
injuries is overlooked.” (McGonagle,
Benjamin, 2009)

Can we use ultrasound assessment of entheses to
monitor (biologic) therapy in SpA?

Several studies are reviewed by M. C. Arnaiz and E. de M. Mendietab in “Usefulness of
Ultrasonography in the Assessment of Peripheral Enthesis in Spondyloarthritis”, Rheumatol Clin.
2014;10 (2):113–119:
1. Genc H, et al. The effects of sulfasalazine treatment on diseases. Clin Rheumatol. 2007;26: 1104–10:
“Sensitivity

to change of ultrasound in entheseal manifestations of patients with SpA
treated with Sulfasalazine (using GUESS). There was no difference after treatment,
probably not for lack of discriminant validity of the technique, but ineffectiveness of
the drug for this condition.”
2. Aydin SZ et al. Monitoring Achilles enthesitis in ankylosing spondylitis during TNF- antagonist
therapy: an ultrasound study. Rheumatology. 2010;49:578–82:

“Sensitivity to change of ultrasonography in Achilles enthesitis (grayscale and power
Doppler signal) of AS patients treated with different anti TNF agents (Etanercept,
Infliximab or Adalimumab) was evaluated. Ultrasound findings improved after 2
months but the results are poor.”

3. Naredo E et al. Power Doppler ultrasonography assessment of entheses in
spondyloarthropathies: response to therapy of entheseal abnormalities. J Rheumatol.
2010;37:2110–7:

“Inflammatory lesions (hypoechogenicity, thickening, power Doppler signal)
showed significant improvement after 6 months of anti-TNF therapy (infliximab,
etanercept or adalimumab), while chronic lesions (enthesophytes, erosions)
worsened despite anti-TNF therapy.”
4. De Miguel E et al. Enthesis erosion in spondyloarthritis is not a persistent structural lesion. Ann
Rheum Dis. 2011;70:2008–10:

“Entheseal erosions in patients with SpA were reversible with anti-TNF
treatment. In addition, ultrasound demonstrated sensitivity to change and
therefore it is a useful tool for assessing Achilles enthesitis erosions in patients
with SpA.”
5. Wang CH et al. Performance of ultrasound to monitor Achilles enthesitis in patients with
ankylosing spondylitis during TNF-a antagonist therapy, Clin Rheumatology 2015, 34 (6), 1073-8:

“Doppler ultrasound provides a reliable estimation to monitor the therapeutic
response to TNF antagonists in AS patients with Achilles enthesitis. TNF-a
antagonists have been shown to be effective in decreasing ultrasound signs of
enthesitis after 3 months of therapy in AS patients.”

Enthesopathy and Enthesitis
key points
 1. Entheses are quite complex anatomical structures, that are frequently
affected by various (degenerative, traumatic, metabolic, inflammatory)
diseases.
 2. Enthesitis is a key feature of SpA.
 3. Entheses could be assessed by sonography in great details. This applies to
any given painful enthesis, or to the standardized evaluation of multiple
entheses in a given patient.
 4. The elementary sonographic lesions of enthesopathy are: increased
thickness, hypoechogenicity, positive Doppler signal, calcifications and
subentheseal bone abnormalities (erosions, enthesophytes).
 5. Sonography assessment of enthesitis probably could be used to monitor
treatment in SpA.
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