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ABSTRACT
Enthesitis is a distinctive feature of psoriatic arthritis. New imaging techniques help to better understand the pathophys-
iology of entheses, being one of the essential factors of the subclinical and prodromal stages of psoriatic arthritis. This 
paper aims to review the main clinical scores, imaging scores, confounding factors that might influence the interpreta-
tion of results and the impact of medication on enthesitis in psoriatic arthritis.
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INTRODUCTION

Psoriatic arthritis (PsA) is a chronic systemic in-
flammatory joint disease associated with psoriasis, 
included in the group of spondyloarthritis, charac-
terized by inflammation of the joints, tendons, en-
theses or axial skeleton, with the potential for func-
tional degradation (erosive and deforming arthritis). 
Baker first linked seronegative arthritis of the hands 
to psoriasis in 1963 [1]. The incidence of psoriatic 
arthritis is 0.3-1% of the populace with prevalence 
in distinct cohorts with psoriasis of 0.3-3.5/year [2]. 
Clinical manifestations include (in addition to skin 
and nails) dactylitis, spondylitis and peripheral 
manifestations: enthesitis, synovitis, bursitis, teno-
synovitis and erosions. 

Enthesitis is one of the characteristics of spondy-
loarthritis, it is a key manifestation of PsA, and cur-
rent knowledge supports the concept that it could 
be among the primary events in the development of 
this disease [3]. Since 1966 Niepel has contributed to 
the initial clinical definitions of enthesopathy, de-
scribing anatomical involvement, clinical findings, 
radiographic findings, and histopathology [3]. The 
association of entesopathy with ankylosing spondy-
litis (AS) was made by Ball in 1970 [4]. The impor-
tance of enthesitis is recognized by its incorporation 
into the CASPAR criteria [5], but it is also one of the 
GRAPPA and OMERACT PsA core domains for dis-

ease assessment along with peripheral arthritis, 
dactylitis and axial involvement [6]. Careful exami-
nation of each area by a rheumatologist is the first 
step to a correct diagnosis. Elevated acute-phase re-
actants and other extra-musculoskeletal features, 
such as the presence of uveitis, inflammatory bowel 
disease and nail psoriasis, help diagnose PsA.

PATHOGENESIS

If the pathogenic process of PsA was initially 
considered to target an antigen in the skin or joints, 
now studies show that the activation of the innate 
immune system as a result of external stimuli is re-
sponsible for clinical manifestations. Enthesitis is 
the proposed center of this model [7]. The entheses 
connect tendons and ligaments to bone through fi-
brocartilage, transmitting their mechanical force to 
the skeleton. The term “enthesis” comes from the 
ancient Greek (“ἔνθεσις”) meaning “insertion”.

The enthesal organ has an immune microenvi-
ronment that activates the innate immune system 
as a result of triggers: the most common is mechan-
ical stress whose threshold can be determined ge-
netically in order for the patient’s response to the 
stimulus to be pathological [8,9]. The entheses con-
tain fibers, fibroblasts, chondrocytes, cartilaginous 
matrix, mesenchymal cells with differentiation po-
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tential, chondrocytes and osteoblasts. Following 
mechanical stress, local mesenchymal cells produce 
prostaglandin E2 with a vasodilating and neutro-
phil recruitment effect in the bone marrow adja-
cent to the insertion of the entheses. Recruited mac-
rophages and dendritic cells produce IL23. CD4 + 
CD8 + T lymphocytes and locally-generated lym-
phoid cells have receptors for IL23 and produce 
IL22, IL17 and TNFα - cytokines that amplify the im-
mune response [10,11]. Resident mesenchymal 
cells, under the influence of IL17, IL22 and IL23, 
proliferate and then differentiate into chondro-
blasts and osteoblasts, leading to periosteal bone 
apposition [11]. In 2007, McGonagle proposed the 
model of the synovio-enthesal complex [8]. The en-
thesal organ also includes the adjacent structures: 
fibrocartilage, fat pad, fascia.

The introduction of new treatments and the evo-
lution of imaging methods allowed a better under-
standing of the pathology of entheses. For example, 
the presence of ultrasound power Doppler (PD) sig-
nals signifies an increase of local vascularization 
and it is a measure of local activity that revealed 
osteitis adjacent to the enthesis which can be ob-
served on magnetic resonance imaging (MRI) [12].

Compared to synovitis, for which biopsies are 
feasible, the same cannot be achieved in the case of 
entheses, so imaging can be useful in identifying 
immunopathological mechanisms. Screening pa-
tients with cutaneous psoriasis using validated 
questionnaires could help early diagnosis, especial-
ly when associated with imaging. Delaying the diag-
nosis determines a worse prognosis [13].

ENTHESES CLINICAL INDICES

There is no consensus on clinical indices of en-
thesis. The most frequently used are LEI (Leeds En-
thesitis Index), MASES (The Maastricht Ankylosing 
Spondylitis Enthesis Score) and SPARCC (Spondy-
loarthritis Research Consortium of Canada Index). 
LEI is the only score validated in PsA, while the oth-
ers are used in spondyloarthritis. SPARCC is the 
closest to the data that can be obtained through cur-
rent imaging techniques: ultrasound and MRI [14]. 

TRANSITION PHASES FROM PSORIASIS TO PSA

As in rheumatoid arthritis (RA), where there is a 
preclinical phase in the form of suspicious arthral-
gia associated with imaging signs (synovitis, teno-
synovitis), so in PsA the existence of a preclinical 
phase is proposed. Ogdie et al. [2] emphasized in 
2017 that psoriasis is an ideal disease for identifying 
risk factors for progression, because the patient 
pool is known. It is to be evaluated whether in pa-

tients with psoriasis the musculoskeletal symptoms 
that present on imaging in the form of arthritis or 
enthesitis can predict the development of PsA. From 
a clinical point of view, Eder et al. [15] detected in 
2017 nonspecific symptoms such as fatigue, stiff-
ness and pain in patients with psoriasis who have 
progressed to PsA. The clinical examination hardly 
differentiates close anatomical structures. Ultra-
sound can achieve this, and it is important to differ-
entiate the various anatomical structures because 
the treatment effectiveness may differ depending 
on the manifestations of the disease. In a study pub-
lished in 2019, Zuliani et al. [16], using “active syno-
vitis” or “active enthesitis” as a definition for sub-
clinical PsA, included 40% of psoriasis patients 
without musculoskeletal manifestations in subclini-
cal PsA. In 2020, Zabotti et al. [17] reported in pa-
tients with psoriasis and arthralgia that tenosynovi-
tis can contribute significantly to symptoms, while 
synovitis and enthesitis can occur without symp-
toms. However, in this study enthesitis was a prog-
nostic factor for PsA, which strengthens the role of 
enthesitis observed in experimental models. Scher 
et al. published in 2019 a theoretical model related 
to the progression from psoriasis to PsA [18]. The 
process begins with the interaction between genetic 
(and epigenetic) factors and exposure to environ-
mental factors (such as biomechanical stress, infec-
tions, or obesity). The preclinical phase is character-
ized by aberrant activation of the immune system 
(activation of the IL-23 – IL-17 axis and TNF produc-
tion). This phase is followed by a subclinical phase, 
in which imaging signs appear (ultrasound and 
MRI). Symptoms such as arthralgia and fatigue de-
fine the transition phase (also called the prodromal 
phase), which occurs prior to progression to clini-
cally evident PsA. In the subclinical and prodromal 
phase, current ultrasound imaging techniques, MRI 
and computed tomography (CT) can identify inflam-
matory changes or changes in bone structure [19].

IMAGING METHODS 

Conventional radiology can reveal in late stages 
of PsA changes in bone proliferation, it can detect 
erosions and it is useful for evaluating the spine and 
the sacroiliac joints.

Ultrasound has low reproducibility and cost. In 
2018, OMERACT published the updated definition of 
enthesitis [20]: sonographic lesions that characterize 
enthesitis that include soft tissue structural lesions 
(entheseal thickening, hypoechogenicity and loss of 
tendon fibrillar pattern) and bone lesions (erosions, 
enthesophytes and calcifications) as well as the pres-
ence of neovascularization detected by Doppler sig-
nals. The intensity of the Doppler signal is quantified 
within a limit of 2 mm from the bone cortex [21].
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The growing role of ultrasound in the diagnosis 
and monitoring of patients with PsA is also men-
tioned in the 2019 EULAR treatment recommenda-
tions, which give equal importance in PsA to both 
articular and peri-articular structures: enthesitis, 
tenosynovitis, dactylitis [22].

ULTRASOUND SCORES

Sonographic instruments for scoring enthesitis 
were developed for spondyloarthritis. None of them 
passed the OMERACT filter for PsA (the distribution 
of enthesitis in PsA may be different from spondy-
loarthritis [23]). Among the most used scores, the 
following can be mentioned [23]: Glasgow Ultra-
sound Enthesitis Scoring System (GUESS, which as-
sesses 5 entheseal sites in the lower extremities); 
Madrid Sonographic Enthesitis Index (MASEI, 
which assesses 6 entheseal sites, incorporates lower 
and upper limb intents, and evaluates the presence 
of power Doppler); D`Agostino score (which in-
cludes 10 enthesal areas, including two in the upper 
limbs); SEI (similar to GUESS, but it includes a dis-
tinction between chronic and acute lesions); Group 
for Assessment of Psoriasis and Psoriatic Arthritis 
(GRAPPA US: proposed entheseal sites by the GRAP-
PA Ultrasound Working Group) [24]; The Outcome 
Measures in Rheumatology OMERACT US: proposed 
entheseal sites by the OMERACT Ultrasound En-
thesitis Working Group [20]; PsASon13 (a composite 
score which, besides joints, includes 2 enthesis [23]). 
As obesity and mechanical stress can interfere with 
lower limb entheses, it was necessary to integrate 
upper limb entheses into scores.

MRI reveals bone marrow edema and edema of 
soft tissues and enthesis structures, especially in the 
hand, where is not easy to differentiate them. An 
OMERACT score was published for the MRI evalua-
tion of the small joints of the hands [25]. Recently, 
the HEMRIS score was created for the evaluation of 
heels [26]. There are studies of whole body MRI 
which can simultaneously evaluate peripheral 
damage and axial damage in patients with PsA and 
spondyloarthritis, by evaluating the distribution of 
inflammatory and structural lesions, producing a 
global entheseal score [27].

CT is useful in a later stage of the disease, when 
erosions and calcifications can be seen. High-reso-
lution peripheral quantitative CT (HRqCT) is pro-
posed to be used to detect new erosions and new 
bone formation in the hands. Similarly, dual energy 
CT (DECT)-iodine scans were superior to MRI in de-
tecting lesions in the small joints of the hands. Re-
search in this area was started by Fukuda in 2017 
[28,29] and continued by Shiraishi and Kayama in 
2020 [30,31]. Derived from these, positron emission 
tomography CT (PET-CT) using fluorodeoxyglucose 

can detect changes in all symptomatic joints in 33% 
of PsA patients [19].

Ultrasound remains the main method for diag-
nosis. Most studies in the literature use ultrasound 
as an imaging method in the diagnosis and monitor-
ing of PsA. Ultrasound has high sensitivity and low 
cost, it is non-invasive, fast, reproducible, preferred 
by clinicians [32]. To guide the performance of ul-
trasound in patients with PsA in current clinical 
practice,  TANG et al.[33] highlighted that in 120 pa-
tients with PsA and 320 patients with psoriasis, 
from a multitude of tendons, bursae and joints, the  
most commonly affected areas were: Achilles ten-
dons, quadriceps tendons and knee joints, each 
with a weight of over 5%. The most common ultra-
sound changes were the presence of Doppler sig-
nals in the enthesis and erosions at the insertion of 
the enthesis. In dactylitis, edema and thickening of 
subcutaneous cellular tissue can be observed, syno-
vitis, pulley thickening, flexor and extensor enthesi-
tis. Zabotti, considering all these, created a dactylitis 
score, DACTOS (DACTylitis glObal Sonographic score 
in PsA) [17]. Nail damage has been associated since 
2006 with extraneous finger enthesitis [34]. In addi-
tion to the entheseal and synovial models, enthesi-
tis causes inflammation of adjacent synovial struc-
tures. Thickening of the A1 anchoring system in the 
flexor tendon (pulley – a small and relatively vascu-
lar structure) with local positive Doppler signals is 
also associated with PsA, the pulley being a func-
tional enthesis [35-37]. ABRAR et al. also demon-
strates that MRI evaluation of flexor tendon pulley 
may be a distinctive marker for PsA compared to RA 
or a control group [35, 38]. Power Doppler is the 
most valuable of the parameters analyzed at the 
level of enthesis [39, 40], both MASEI score and the 
OMERACT power Doppler scores detected 75% pow-
er Doppler signals in patients with active disease 
[39,40].

PREVALENCE OF SUBCLINICAL
MUSCULOSKELETAL SIGNS 

There are several studies that show changes in 
the enthesis of patients with psoriasis without joint 
symptoms that suggest that they are the first site of 
inflammation. Instead, there are few studies that 
detect lesions that cause progression from psoriasis 
to PsA. Zuliani et al. found in 2019 in 40 patients 
with psoriasis a prevalence of 27% of synovitis and 
a prevalence of 20% of active enthesitis, which were 
included in subclinical PsA [41]. Savage et al. in 
2020 in a group of patients with psoriasis without 
musculoskeletal signs, found that 49.3% of the sub-
jects presented elements that met the OMERACT 
definition for enthesopathy [42]. In another study, 
Vyas et al. evaluated 50 patients with psoriasis and 
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50 control patients, reporting that 62% of patients 
with psoriasis had subclinical enthesopathy com-
pared with only 10% of controls [43]. The mean 
MASES score between psoriasis and control cases 
was statistically significant with the setting of a cut-
off of 11 that can differentiate between a patient 
with clinically significant enthesopathy and those 
with non-inflammatory enthesopathy. Yen et al. in 
2021, using ultrasound imaging, managed to diag-
nose 47% of psoriasis patients with preclinical stag-
es of PsA [44]. There are also differences in the 
thickness of the entheses between patients with PsA 
and those with psoriasis, the greatest thickness was 
found in enthesis with erosions. Increasing thick-
ness is considered the first accurate sign of inflam-
mation [45]. It is necessary to evaluate longitudinal-
ly how many of these psoriasis patients develop 
definite PsA, in order to assess which of these le-
sions is more specific for risk stratification. Savage 
et al. proposed that a Leeds model of evaluation 
should be used by the dermatologist-rheumatolo-
gist team in order to capture the early stages of PsA 
[42]. Rida et al. also proposed a way to evaluate pa-
tients at risk: psoriasis patients require screening 
with questionnaires, evaluation by imaging meth-
ods, and when clinical manifestations occur [13], 
clinical examination, imaging and evaluation of in-
flammation parameters are recommended.

In most studies, there was low agreement be-
tween clinical scores and imaging scores, but ultra-
sound was found to be more specific in detecting 
preclinical lesions [46,47]. Clinical evaluation of 
painful sites may detect subtle damage to tendons, 
bursae, erosions, enthesophytes, calcifications, but 
it may be interfered by concomitant causes for pain 
(e. g. fibromyalgia). The exclusion of fibromyalgia 
was studied intensely in the last decade [48], since 
clinical examinations can overestimate the extent 
of joint damage/inflammation in patients who also 
have fibromyalgia. Ultrasound was studied in pa-
tients with PsA and PsA-fibromyalgia compared to 
those with fibromyalgia alone, and it was found 
useful in differentiating the intensity of PsA-related 
pain from fibromyalgia [49,50]. There are other bio-
mechanical confounding factors that can cause 
symptoms such as obesity and menstrual stress 
[51]. Also, in the control groups, the thickening of 
the entheses was most frequently noted, but no 
there were no power Doppler signals detected [52]. 
Matteo et al. tried to estimate how prevalent it is in 
healthy subjects in a recently published paper. The 
authors evaluated 82 healthy subjects, applying the 
definition of OMERACT, and found an increased 
prevalence of 34% of subjects with entheasal dam-
age and 8.4% of entheses (820 entheses were evalu-
ated), correlating them with age and body mass in-
dex [52,53].

PREDICTORS OF PSA

Zaboti et al. reported in 2019 that enthesitis was 
associated with progression to PsA [16]. Ultra-
sound-visualized enthesophytes predict their radio-
logical progression, representing a severity marker 
[54]. The severity of sonographic enthesitis scores, 
including inflammatory scores and damage scores, 
was associated with higher radiographic damage 
scores in the peripheral and axial joints [55]. This 
aspect is also confirmed by the recent study pub-
lished by Marcia-Villa et al. in 2021 [56]: MASEI was 
associated with axial and articular radiological 
damage. It was found that patients with psoriasis 
with subclinical inflammation on MRI and arthral-
gia had a high risk (55.5%) for the development of 
PsA, while patients without arthralgia had a low 
risk (15.3%) for the development of PsA [57].

The US GRAPPA is working to develop a scoring 
system (DUET) to distinguish PsA from other non-in-
flammatory diseases using musculoskeletal ultra-
sound and to evaluate its correlation with clinical 
measures of disease activity (enthesitis count, joint 
number) and patient-reported outcomes [58]. Al-
though 50% of patients with psoriasis have subclin-
ical changes, only some of them progress to PsA. 
This progression is influenced by the type of psoria-
sis (nail, scalp, inverted), obesity and genetics (grade 
1 relatives with arthritis).

PSA TREATMENT CAN IMPROVE THE ULTRASOUND SIGNS 
OF ENTHESITIS

Treatment with adalimumab of patients with 
psoriasis and enthesitis showed a decrease in 
quadriceps tendon thickening at weeks 24 and 48 
[59]. In the 2021 study by Collada et al. [39], the pow-
er Doppler signal decreases significantly at 3-6 
months of biological therapy on a group of 25 pa-
tients with spondyloarthritis and PsA. A study of 
ustekinumab in patients with psoriasis is also re-
ported: intensity scores decreased by 42% at week 
24 and by 47.5% at week 42 [60]. The fact that psori-
asis treatment can prevent the development of PsA 
is shown in another study of 20 patients with psori-
asis in which 83% had subclinical enthesitis or syn-
ovitis and after 24 weeks of treatment with secuki-
numab, the PaAMRIS score and synovitis scores 
were significantly improved. On the other hand, 
erosions and enthesophytes did not progress and 
the total bone mass at the level of the distal radius 
increased after 24 weeks. 

The recent Delphi Consensus emphasizes that 
the terms “preclinical” or “prodromal” can only be 
used retrospectively and tried to find agreement on 
the definition of these patients for inclusion criteria 
in prospective trials to quantify the risk of progres-
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sion. The strategy is to evaluate patients with psori-
asis with moderate damage, including scalp or nails, 
or with predisposing genetic traits. Sarabia et al. 
suggested to combine ultrasound with a screening 
questionnaire to improve the triage of these pa-
tients [61].

CONCLUSION

All these data suggest that early treatment of the 
disease in the preclinical phases of PsA could possi-
bly lead to a decline in subclinical inflammation 
preventing the occurrence of PsA in high-risk indi-
viduals.
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