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Outline

• What can ultrasound teach us about the pathophysiology of PsA?

• Can we use of ultrasound in pre-diagnosis phases of PsA?

• Imaging phenotyping in PsA for treatment selection



Psoriatic Arthritis Spectrum

Joint

Dactylitis

Spine

Enthesis

Common overarching pathogenic cause?

Different pathogenic mechanisms? 

Images from GRAPPA slide deck 

Nail

Spine

Or



Challenges in Investigating Pathophysiology in PsA
Target organ sampling Clinical phenotypingSystemic biomarkers

Imaging!

Limited access Limited representation of 
target organ Inaccurate



Why Ultrasound?
Accurate

Affordable 

No radiation
Comprehensive and 

accessible



It’s The Future!



The Enthesis in PsA

Benjamin M, McGonagle D. J Anat. 2001

• Aberrant response to of the innate immune 
system to external stimuli (e.g. 
biomechanical stress)

• Enthesitis: Epicenter of this model (?)
• Synovio-entheseal complex model: enthesis

initial site of inflammation in PsA



Sonoanatomy of normal enthesis

Achilles Tendon

Calcaneus

Fibrocartilage

Retro-calcaneal bursa



Sonographic Features of Enthesitis

Vascularization

Hypoechogenicity

Enthesophyte

Thickening

Erosion

Schett et al. Nat Rev Rheumatol 2018; 13:731



Balint et al. Ann Rheum 
Dis 2018; 77:1730



Traction Enthesophyte

Traction Enthesophyte located at end of the proximal 
patellar tendon enthesis

Confounders of Enthesitis Assessment
Calcifications/Enthesophyte

Lateral epicondyle – common extensor tendon Proximal patellar tendon insertion

Sonographic entheseal changes* are associated 
with: 
• Age
• BMI
• Male gender
• Excessive physical activity
*in normal individuals

Bakirci et al J Rheumatol 2020; 47: 968

Sonographic enthesitis and age



US Enthesitis Scores in PsA

• Enthesitis sonographic scores

• MASEI (Madrid Sonographic Enthesitis Index)

• GUESS (Glasgow Ultrasound Enthesitis Scoring System)

• Limitations of existing scores

• Not validated in PsA

• Mix of structural (“irreversible”) lesions and inflammatory (“reversible”) 
lesions

• Heavily based on lower extremity sites (affected by mechanical stress)

• Selection of sites based on expert opinion

• Limited data about responsiveness

• Limited data about cut-off point (diagnostics, disease states) 



https://www.grappanetwork.org/duet-study



Enthesitis – Severity Marker in PsA

40% risk peripheral damage

90% risk for joint ankylosis

80% risk for arthritis mutilans

30% risk for sacroiliitis

Higher sonographic enthesitis score:

Polackek et al. Arthritis Res Ther 2017; 19: 189
Polachek  et al. Arthritis Rheumatol 2018; 70:756

HLA 
Alleles:

B*27

Radiographic joint damage

Sonographic enthesitis

HLA-B*27 is associated with the severity 
of sonographic enthesitis



Eder et al. J Rheum 2014; 41: 466
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Enthesitis score 
is associated with:
• BMI
• Nail lesions

Sub-clinical Enthesitis in Psoriasis



Bone Pulley Enthesis organ - Functional enthesis

synoviocytes are likely to be involved in maintaining
the rheologic properties of synovial fluid, lubricating and
nourishing periosteal and sesamoid fibrocartilages
(Figure 2). Because of the emerging evidence for ana-
tomic, functional, and physiologic interdependence be-
tween synovial membrane and entheses, we propose that
the 2 structures could be viewed as forming a “synovio-
entheseal complex.” Although such a structure appears
to be advantageous in health, the very fact that a tissue
prone to microdamage is closely juxtaposed to synovium
means that, in effect, the SEC region is walking an
immunologic tightrope and may be a region within the
joint that is particularly prone to inflammation.

Implications of the SEC for synovitis in PsA

The structure and cellular composition of the
healthy enthesis and the synovium are diametric op-
posites. By virtue of respective cellular compositions,
the healthy enthesis is generally antiinflammatory and
the synovium intrinsically proinflammatory. Thus, when
a mechanically stressed enthesis is injured, any associ-
ated inflammatory reaction would be expected to man-

ifest prominently within the juxtaposed synovium. This
principle is well illustrated in OA, where joint injury
leads to the shedding of articular cartilage “shards”
that are thought to play a role in associated secondary
synovitis (28).

Recently, we showed that extensive microdamage
and altered vascularity are present at numerous entheses
in elderly individuals, which probably relates to a life-
time of mechanical loading (24). We and others similarly
noted that fibrocartilage adjacent to insertions that are
closely juxtaposed to synovium are also sites of micro-
damage (29,30). Indeed, Rufai et al suggested that this
could trigger retrocalcaneal bursitis (30). The mecha-
nism whereby factors related to SEC microdamage
could directly contribute to the initiation of joint inflam-
mation at the molecular level has been elucidated in
recent years, as previously stated. It turns out that not
only are Toll and other pattern-recognition receptors
activated in response to bacterial molecules including
lipopolysaccharide, but also that the same receptors can
serve as ligands for molecules released from damaged
tissue (22) (Figure 2).

Figure 3. Examples of synovio-entheseal complexes (SECs), highlighting the intimate relationship between each enthesis/enthesis organ/functional
enthesis and a neighboring synovial membrane. Each tendon/ligament (together with any associated adipose tissue) is shown in yellow, articular
hyaline cartilage is shown in dark blue, fibrocartilage is shown in light blue, synovial membrane (SM) is shown in red, and bone is shown in black.
In each case, note the proximity of the enthesis or functional enthesis (i.e., the region where a tendon presses against a bone but does not attach
to it) to a synovial cavity (SC). a, An SEC in the extensor tendon (ET) of an interphalangeal joint, as seen in a sagittal section of a finger. Synovium
lines the deep surface of the tendon except in the region of the sesamoid fibrocartilage (SF), which, in a flexed finger, is compressed against articular
cartilage. b, A complex enthesis organ is associated with the insertion of the tendon of the flexor hallucis longus (FHL) at the base of the distal
phalanx of the big toe. Immediately adjacent to its enthesis, the tendon merges with the volar plate (VP), in which a sesamoid bone (SB) is
prominent. This bone is covered on its joint side with articular cartilage that forms a part of the interphalangeal (IP) joint. However, on its deep
surface, the sesamoid bone is covered by thick sesamoid fibrocartilage (SF) that articulates with a similar (but thinner) fibrocartilage on the adjacent
surface of the tendon. The two are separated by the synovial cavity of the tendon sheath, which is lined by a synovial membrane except over the
fibrocartilage. c, Variation of the SEC at a functional enthesis, where a tendon (T) wraps around a bony pulley (e.g., the tibialis posterior tendon
curving around the medial malleolus) and is associated with a tendon sheath lined by a synovial membrane. In each of the 3 examples, a unifying
anatomic basis for the SEC complex is that it minimizes the presence of innate immune cells, especially macrophages, at sites of high stressing. EF !
enthesis fibrocartilage; AT ! adipose tissue; PF ! periosteal fibrocartilage.

THE SYNOVIO-ENTHESEAL COMPLEX 2485

Tendon

Synovial 
membrane

Sesamoid
fibrocartilagePeriosteal 

fibrocartilage

Synovial cavity

McGonnagle et al. Athritis Rheumatol 2007
Picture courtesy of Gurjit Kaeley

Bone Pulley Enthesis Organ

Tibialis Posterior tendon

Fibrocartilage over 
medial malleolus



Dactylitis – A form of “polyenthesitis”?

• Dactylitis is not limited to tenosynovitis
• Involves diffuse inflammation in various tissues
• May be a form of functional enthesitis

Tenosynovitis

Synovitis
A2 pulley

Extensor tendon

Tan et al. Ann Rheum Dis 2015;74: 185

Tissue edema



• PsA compared to RA, PsO, healthy controls
• The A1, A2 and A4 pulley thickness was 

measured using a high-resolution probe (864 
pulleys)

• Patients with PsA had thicker pulleys in every 
digit compared with both RA and HCs (P<0.001). 

Dactylitis – A form of “polyenthesitis”?

Tinazzi et al; Ann Rheum Dis 2018;77:922

pulley

pulley

Transverse view

longitudinal view

Flexor tendon

Flexor 
tendon



Sonographic Synovitis

• Synovial hypertrophy 
• Increased intra-capsular 

vascularization
• Scores “borrowed” from RAMCP	Dorsal	PD	Long	Grade	3	

MCP joint

Synovial hypertrophy

vascularization

Courtesy Dr Gurjit Kaeley



PsA

RA

PIP clinical synovitis

RA: Intra-capsular inflammation

PsA: Extra-capsular inflammation

Extensor tendon

Extensor tendon



Enthesitis of the small joints

MCP joint

Superficial peritenon

deep peritenon

Sesamoid fibrocartilage

Structure of the finger extensor tendon

MCP joint

metacarpal

Prox. phalanx

Extensor
tendon

*

Transverse view Longitudianl view 

Benjamin et al. Arthritis Rheumatol 2004;50:3306

fibrocartilage



Differentiation between seronegative RA and PsA
RA+ RA- PsA p

At least 1 US feature specific for PsA 12% 12% 68% <0.001
Dermoscopic nail feature of psoriasis 12% 23.5% 96% <0.001

Dermatoscopic nail features of psoriasis Sonographic features of PsA

US features (PsA vs. RA)
Sensitivity – 68%
Specificity – 88%

Dermoscopic features (PsA vs. RA)
Sensitivity – 96%
Specificity – 83%

Seronegative RAPsA?

12% - US +Dermoscopy 12% - Dermoscopy alone 76% - No US or Dermoscopy

Zabotti et al. J Rheumatol 2018;45:5



PreventionEarly Diagnosis

Changing Targets in PsA Research



• Skin lesions precede joint 
involvement (70%)

• Mean skin–joint lag time: 
7 to 12 years

Target Population – Psoriasis Patients



MSK symptoms minimally correlates with US findings

Sarabia et al. J Rheumatol 2020; doi: 10.3899/jrheum.190857. 

Variable Ultrasound inflammation  
negative
(N=83)

Ultrasound inflammation 
positive
(N=120)

P value

Age (years) 45 (14) 54.8 (13) <0.0001
Tender joint count 1.9 (2.5) 3.3 (4.1) 0.003
Swollen joint count 0.3 (0.8) 1.3 (2.3) <0.0001

No difference in other PROs including: pain, fatigue, QoL

• 203 patients with psoriasis attending a rapid-access clinic for PsA
• No prior diagnosis of PsA
• Clinical diagnosis of PsA was confirmed by a rheumatologist



Rheumatologist may miss the diagnosis of PsA
Triage Method Sensitivity Specificity

Positive MSK ultrasound:
≥1 joint/enthesis with Doppler

83% 52%

Rheumatologist (PsA)

Positive Negative

Positive 15 (83%) 88 (48%)

Negative 3 (17%) 97 (52%)

Ultrasound

Sarabia et al. J Rheumatol 2020; doi: 10.3899/jrheum.190857. 



MSK symptoms and US inflammation in Psoriasis

• Psoriasis patients with and arthralgia 

(PsOAr) and without arthralgia (PsO)

• Ultrasound assessment of joints (42), 

entheses (12) and tendons (32)

• No PsA by rheumatologist

• A third of the patients had active US inflammation
• Sonographic inflammation is more common in PsOAr

(particularly tenosynovitis)
• Associated with older age, non-smoking and NAPSI

Zaboti et al. RMD open 2019; 5 e001067



Can sonographic inflammation predict PsA?

Italian Study (Zaboti et al)
• 6/102 psoriasis patients developed PsA during a prospective follow period (1-1.5 yrs)
• Annual incidence rate: 10.9% in PsOAr and 1.3% in PsO
• PsA conversation was associated with:

• Active sonographic enthesitis
• Higher Pain, HAQ, tender joint count

Saudi study (Elnady et al.)
• 109 patients with psoriasis, with and without MSK Sx at baseline
• 39.5% had positive US-inflammation at baseline
• 9 developed PsA (4.3% annual incidence rate)
• Synovitis and enthesitis scores were higher in patients who converted to PsA

Elnady et al. Clin Rheum 2019; 38:1627-35
Zaboti et al. RMD open 2019; 5 e001067



Savage et al. Arth& Rheum 2019;71:626-31

• 23 patients with severe psoriasis (PASI>10) without PsA
(PEST<3)

• At least 1 site with sonographic inflammatory enthesitis
• 38 entheses – large joints and fingers
• Ustekinumab was administered (loading and every 12W for 1 

year)
• 73 psoriasis were screened - ~50% had sonographic enthesitis

• Inflammatory scores decreased 
(by 40-50%)

• Chronic damage scores remained 
the same

Subclinical inflammation responds to IL-12/23 inhibition



Imaging as Point-of-Care
Detection of MSK 
inflammation in 

Psoriasis

Distinguish active vs. 
inactive PsA

US-guided procedures

Early Diagnosis

Assess disease activity

Effective administration 
of therapy

Guide selection of 
medications?



Phenotype-based treatment selection

IL-17 inhibition
IL-23 Inhibition

TNF inhibition
JAK inhibition
Co-stimulation 

modulation

• Importance of IL-23 pathway 
in enthesitis models

• IL-23 inhibition for clinical 
enthesitis (ECLIPSA study)

Hypothesis: Different immunological pathways 
govern various PsA manifestations

Synovial-Based 
Features

Entheseal-Based 
Features

• Effective for 
synovitis in RA

Support: Differential response of skin/gut/eye



Imaging-based Phenotyping in PsA

Classification Model
Blood markers 
(DNA, RNA, protein)

US and MRI 
characterization of 
inflammation in:
• Peripheral Joints
• Tendons
• Entheses
• Spine

Unsupervised and 
supervised cluster analysis

Correlation with molecular 
signature

Future: prediction of 
treatment response



Standardized Ultrasound Scores by Imaging Cluster (median and IQR)

Cluster 1 

Synovitis 

predominant

(N=31)

Cluster 2

Enthesitis

predominant

(N=13)

Cluster 3

Peritenonitis

predominant

(N=11)

P value

Synovitis score 1.86 (0.64) 1.15 (0.34) 1.59 (1.40) 0.004
Enthesitis score 0.24 (0.34) 0.83 (0.19) 0.50 (0.45) <0.001
Peritenonitis score 0.29 (0.70) 0.13 (0.27) 1.13 (0.22) <0.001

Tenosynovitis score 0 (0.39) 0 (0.27) 0.27 (0.43) 0.59

*Standardized scores= total sonographic score in the domain divided by the total number 
of affected articular/tendon/entheseal sites 

Hierarchical clustering of imaging data based on tissue-level inflammation

Pretononitis
predominant

Enthesitis
predominant

Synovitis 
predominant

Enthesitis Peritenonitis Synovitis Tenosynovitis



Gene Expression Data by Imaging Clusters

Peritenonitis predominant
Enthesitis predominant
Synovitis predominant

Peritenonitis predominant
Enthesitis predominant
Synovitis predominant



•Ultrasound can teach us about the pathophysiology of 
PsA
• Subclinical inflammation affects patients with psoriasis 

and is partially independent of MSK symptoms 
• Sonographic inflammation may predict future clinical PsA

in psoriasis
•Ultrasound can inform PsA phenotyping

Summary



lihi.eder@wchospital.ca

https://crus-surc.ca/educational-resources/

https://www.grappanetwork.org/ultrasoundThank You


