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Ultrasound (US) is a reliable imaging technique that has played a key role in the 
imaging process in rheumatology, in recent years, for the early detection and careful 
characterization of the inflammatory process in arthritides. Its use in psoriatic arthritis 
(PsA) has become common in both clinical and research fields, focusing on joints and 
tendons, entheses (which have been shown to be involved not only in patients with 
PsA but also in subjects presenting only skin psoriasis) and some new fields (skin 
and nails). US allows a more precise and earlier diagnosis and therapy monitoring. 
There are also some new hypotheses that US could be used to discriminate between 
different arthritis and also between PsA and the other spondyloarthritides.
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Ultrasound (US) is a well known reliable 
imaging technique that has played a key 
role in the imaging process in rheumatology 
in the last 15 years, allowing early detection 
and careful characterization of the inflam-
matory process in arthritides. Its use in pso-
riatic arthritis (PsA) has become very com-
mon place in both clinical and research fields. 
One of the main points where US has been 
focused, apart from joints and tendons, is the 
enthesis, which is considered the main char-
acteristic involvement in spondyloarthriti-
des (SpA) (which PsA is part of). Enthesis 
involvement have been shown not only in 
patients with PsA but also in subjects present-
ing only skin psoriasis, determining a sort of 
preclinical disease [1,2]. The benefit of US lies 
in the added value given to help in the diagno-
sis, in the evaluation of disease activity and in 
therapy monitoring (showing structural and 
inflammatory changes). It is still debatable 
whether US is able to help in the differential 
diagnostic process between PsA and other 
kinds of chronic arthritis (i.e., rheumatoid 
arthritis [RA]). Lately, US has also been used 
in ‘uncommon’ areas for the rheumatologist, 
such as skin and nails, providing important 
information in those fields and, therefore, in 

the whole psoriatic disease activity. Another 
possible use of US in PsA patients is the assess-
ment of cardiovascular diseases [3–15] but this 
aspect will not be part of the present review.

The past: US of the musculoskeletal 
system
Joints and tendons
PsA is an inflammatory arthropathy asso-
ciated with psoriasis, part of the seronega-
tive SpA, that can show a great variability 
in clinical features and severity. If it is true 
that a great part of the literature is report-
ing the involvement of joints and tendons 
in symptomatic PsA patients, several stud-
ies have also reported US pathological find-
ings in PsA patients who do not complain of 
active pain and/or swelling at the time of the 
clinical examination and in psoriatic patients 
with no signs of musculoskeletal disease as 
well [1,2,16–22]. In 2000, Galluzzo et al., when 
studying ankle involvement in 31 patients 
with PsA, discovered US pathological find-
ings at both entheseal and tendon level in 
a high proportion of them, most of whom 
exhibited no ankle pain or swelling [21]. 
More relevant data are provided on entheseal 
involvement (see chapter on Entheses).
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The musculoskeletal US findings in PsA are not dif-
ferent with respect to the one from other arthritis, in 
fact at a joint level we can have effusion and synovial 
proliferation (characterized by clusters of soft echoes 
with bushy and villous appearance) and/or homoge-
neous synovial thickening. Tendons may present exu-
dative or proliferative tenosynovitis (with different 
echotexture of the sheath content allowing the distinc-
tion), swelling (for acute or even chronic tendonitis), 
tears of the tendon fibers and fibrosis or loss of the 
normal fibrillar echotexture (in tendinosis).

The literature shows us the US prevalence of knee, 
hip, shoulder, hand and foot involvement in PsA 
patients [17–20,23–24], demonstrating good sensitivity 
in the detection of synovitis with respect to clinical 
examination. An example of this higher sensitivity is 
reported by Delle Sedie et al. investigating knee joints 
US findings in a series of 83 PsA patients, showing at 
least one US inflammatory finding in almost all of 
them (84.3% of joints), while clinically involvement 
was present in only 74.7% of the evaluated joints [17]. 
With regard to the foot, in another paper, 183 feet were 
investigated in 101 PsA patients and US findings were 
positive for metatarsophalangeal joint inflammation in 
77 (76.2%) patients, while only 34 (33.7%) patients 
were positive at the clinical examination [19]. When 
considering ‘difficult’ joints to be assessed, we have 
papers on the shoulder and the hip. In the assessment 
of 97 PsA consecutive patients, US showed a rather low 
prevalence of pathologic findings, with gleno-humeral 
joint effusion in only four shoulders (three of them 
with synovial hypertrophy but no PD signal) [20]. This 
changes when considering the hip; in fact the US bilat-
eral examination of the hip in 65 PsA patients detected 
effusion, with or without synovial proliferation, in 
21% of the subjects (eight hips were also negative for 
pain and/or tenderness) [18].

Recently, a qualitative and quantitative scoring sys-
tem to evaluate large joint involvement and treatment 
monitoring in PsA or ankylosing spondylitis (AS) has 
been proposed [25].

The comparison between US and other imaging 
techniques (MRI, x-ray and scintigraphy) and/or US 
and clinical examination in PsA patients have been 
ruled out in two other papers [23,24]. Wiel et al. exam-
ined 2nd–5th metacarpophalangeal (MCP) and 
1st–5th metatarsophalangeal joints, using US, con-
trast-enhanced MRI, x-ray and clinical assessment, 
in a small number of patients (15 PsA, five RA and 
five healthy controls) [23]. Similarly, Weiner et al. exam-
ined hands and feet of 13 PsA patients using US, MRI, 
bone scintigraphy and x-ray [24]. Both studies showed 
a higher sensitivity of US for inflammatory findings 
(especially synovitis) with respect to radiography and 

clinical examination. More recently, in a paper com-
paring clinical examination and US findings in 49 
patients affected by early-PsA, subclinical synovitis 
was really frequent, allowing a re-classification of the 
patients from oligoarthritis to polyarthritis [26]. This 
result confirmed a previous study by Scarpa et al. [27], 
where US was able to identify all of the sites showing 
inflammation in early PsA patients assessed using bone 
scintigraphy, which is significantly more sensitive than 
clinical examination.

Moving from joints to tendons, US examination 
has shown the involvement of tendon with synovial 
sheaths in PsA patients (i.e., posterior tibialis, flexor 
digitorum and peroneal), even in those who were 
asymptomatic [21]. We know that tendons without a 
sheath can also be involved, similar to what was shown 
in the shoulders of 97 PsA where the most common 
abnormal finding was represented by tendinosis (par-
ticularly of the supraspinatus, which was also the most 
frequently involved anatomical structure when consid-
ering tendon tear). Again, clinical examination failed 
to detect any abnormality in several patients in whom 
US examination showed pathological findings [20].

Many years ago, Fourniè et al. compared US find-
ings in patients with RA and PsA. erosive synovitis 
and tenosynovitis were present in both diseases, while 
extra-synovial abnormalities (enthesitis, enthesopathy 
of deep flexor tendon insertion on the distal phalanx, 
juxtaarticular periosteal reaction and subcutaneous 
soft tissue thickening of the finger pad or entire fin-
ger) were found only in the PsA group [28]. This point 
leads directly to the importance of entheses involve-
ment (see paragraph on Entheses) and to the defini-
tion of dactylitis. Conflicting data on the US finding 
of the definition and frequency of dactylitis are present 
in the literature [28–30]. Kane et al., studying 25 dacty-
litic fingers and toes, reported subcutaneous soft-tissue 
enlargement in all affected digits with flexor tenosy-
novitis in 96% of cases and joint synovitis in about 
half of the digits [29]. On the contrary, Olivieri et al., 
in 12 dactylitic fingers, demonstrated effusion inside 
the sheath of the flexor tendons (tenosynovitis) but no 
involvement of the peritendinous soft tissues or the 
synovial joints [30].

Entheses
Entheses involvement is very frequent in SpA [31], 
and enthesitis is considered the typical feature and 
the first step in the pathogenetic process of this dis-
eases. Most papers refer to ‘SpA group,’ instead of PsA 
or AS groups, because of the fact that the features of 
enthesopathy are similar regardless of the diagnosis. 
This began in 1994, when Lehtinen et al. [32] first 
described US findings in SpA enthesitis; since then, 
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many papers have focused on this topic. However, we 
need to remember some of the limits of US imaging of 
the entheses, like the scarce number of vessels in the 
enthesis (that means low power Doppler frequency 
with respect to the synovitis process) and the risk of 
Doppler artifacts due to the proximity of the cortical 
bone. In any case, the most important point to keep 
in mind is the difference in the meanings of enthe-
sopathy and enthesitis. The OMERACT (Outcome 
Measures in Rheumatology) US group identified the 
enthesopathy as ‘an abnormal hypoechoic region with 
loss of normal fibrillar architecture and/or thickened 
tendon or ligament at its bony attachment, seen in two 
perpendicular planes that may exhibit Doppler signal 
and/or bony changes including enthesophytes, ero-
sions or irregularity.’ In this definition, signs of acute 
and chronic inflammation are combined with findings 
of structural damage [33].

The involvement of the enthesis in any pathologic 
process, whether metabolic, inflammatory, traumatic 
or degenerative, is referred to as ‘enthesopathy,’ while 
‘enthesitis’ is restricted to the presence of inflammation 
of tendons, ligaments and capsules insertions into the 
bone and it appears to be a cardinal feature of SpA [34]. 
Unfortunately, many studies have applied US to the 
evaluation of entheses in SpA patients using differ-
ent definitions for enthesitis, as well as different sets 
of entheses to be examined [35]. To solve this meth-
odological problem, the OMERACT recently released 
the definitions of normal entheses and enthesitis [36].

The OMERACT US Task Force also started the 
same process in order to eliminate the discrepancies 
already existing on the definition of dactylitis [37].

What is actually well accepted is that the presence of 
a power Doppler signal, at the insertion of tendons, lig-
aments, fascia and capsules into the bone, is considered 
as a primary lesion that may underlie all SpA skeletal 
manifestations and is considered to be seen exclusively 
in SpA patients [38]. It is also accepted that enthesophy-
tosis cannot be considered a specific sign of SpA-related 
enthesitis, as it is also reported with high prevalence 
in mechanical and osteoarthritis-related enthesopathy 
and in normal asymptomatic subjects (multiple and 
irregular enthesophytes and calcific deposits are pos-
sibly more specific for SpA-related enthesitis), and the 
use of enthesophytosis alone as sign of arthritis-related 
enthesitis is an incorrect assumption [39].

Enthesitis can occur everywhere but, especially in 
SpA, the more frequent and clinically relevant involved 
sites are localized in the lower limbs and, most of all, 
heel entheses (both the plantar fascia or the Achilles 
enthesis) [34,40].

Several quantitative scoring systems have been devel-
oped to quantify US abnormalities of the entheses, 

and few of them are used quite frequently in clinical 
practice. GUESS (Glasgow Enthesitis Scoring Sys-
tem), D’Agostino, SEI (Spanish Enthesitis Index) and 
MASEI (Madrid Sonographic Enthesitis Index). The 
GUESS score was the first to be published, it is well 
accepted and assesses five entheseal sites in the lower 
limb (that evaluate Achilles, quadriceps, patellar enthe-
ses and plantar aponeurosis) only using gray-scale (GS) 
US [41]. The D’Agostino scoring system combines GS 
and Doppler and the severity of entheses involvement 
is given according to the severity of the Doppler signal 
and the presence of structural damage [40]. The Span-
ish Enthesitis Index (SEI), developed at the patient 
level (i.e., providing information about different enthe-
sis sites and allowing the evaluation of global patient 
inflammatory activity or entheses structural damage) 
uses GS abnormalities only. This scoring system, how-
ever, does not differentiate between involvement of 
enthesis, body of tendon and bursa  [42], according to 
the ‘enthesis organ concept’ where the bursa is consid-
ered part of the synovio-entheseal complex [43]. The 
Madrid Sonographic Enthesitis Index (MASEI), com-
bines abnormalities detected by GS US and PDUS (also 
including the involvement of the bursa) and evaluates 
not only the lower limbs, but also an enthesis site in 
the upper extremity (the attachment of the triceps ten-
don to the olecranon). Finally, it scores bone erosions, 
power Doppler signal and also enthesophytes [44]. All 
of those different scoring systems combine inflamma-
tory signs (in GS alone or with PD) and structural signs 
(erosions, enthesophytes, etc.), allowing a possibly 
good combination for diagnostic purposes, but it may 
not be sensitive enough for follow-up purposes. How-
ever, they are not comparable, in fact the GUESS and 
D’Agostino scoring systems were developed to grade 
enthesis involvement (i.e., enthesitis level). The MASEI 
and SEI were developed as enthesitis indices at patient 
level. For this reason, these scoring systems cannot be 
compared (see Table 1). Currently, there is still a need to 
reach a consensus on the best system to use [38].

The relevance of the entheses in the disease process 
has led to the publication of many papers focused on it, 
even if most of time the papers are focused on SpA or 
AS patients and only a few are restricted to PsA patients 
alone. Frediani et al. [45] evaluated the knees of 40 PsA 
patients and 40 RA patients, reporting quadricipital 
enthesitis in 45% of patients with PsA, while Delle 
Sedie et al., in a study on 83 PsA patients, showed a 
prevalence of knee enthesitis of 39.7% [17].

The US assessment of the entheses has been used to 
demonstrate the efficacy of the treatment with TNFα-
inhibitors. In fact, in a large group of patients with SpA, 
Naredo et al. demonstrated a significant decrease in US 
findings related to entheses involvement that was not 
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correlated with changes in the clinical and laboratory 
variables throughout follow-up [46]. In another paper 
on the disease activity monitoring, after treatment 
(methotrexate vs adalimumab), focused on tendons 
and entheses, it was shown that several US parameters 
(i.e., Achilles tendon and plantar aponeurosis) were 
significantly improved in the adalimumab group with 
respect to the methotrexate one [47].

We also know that enthesopathic findings have 
already been demonstrated in patients with psoriasis 
without any clinical musculoskeletal involvement [2,16]. 
In fact, Gisondi et al. assessed 30 patients with pso-
riasis and 30 controls by US using the GUESS score, 
reporting that both the mean score, the thickness of 
the tendons and the number of enthesophytes, in all 
sites examined, were significantly higher in the pso-
riasis group. The GUESS score was directly correlated 
with age, BMI and waist circumference, but not to the 
duration and severity of psoriasis (according to the 
Psoriasis Area Severity Index – PASI) and body sur-
face area involvement [2]. According to the authors, 
these findings could be related to a subclinical enthe-
seal psoriatic inflammation. Similar results were also 
found by Gutierrez et al., who studied 45 patients with 
psoriasis and 45 healthy controls [16]. In a paper by 
El Miedany et al., higher basal values of the GUESS 
score, like the involvement of joints, in patients with 
psoriasis resulted to be predictive of the development 
of PsA [48]. More recently, Naredo et al. studied 162 
patients with plaque psoriasis (without musculoskel-
etal diseases) and 60 controls, examining joints, ten-
dons and enthesis. US synovitis and enthesopathy were 
significantly more frequent in the psoriatic patients 
than in the controls [1]. The higher prevalence of 
entheseal abnormalities in PsA and psoriatic patients, 
with respect to the healthy subjects, was also demon-
strated using the MASEI scoring system. In this paper, 
Eder et al. [49] found a cut-off point to categorize the 
patients as having PsA or psoriasis with a low sensitiv-
ity (30%) and a high specificity (95% vs healthy sub-
jects and 89% vs psoriatic patients). Finally, Ash et al. 
performed a US evaluation of entheses of upper and 
lower limbs of patients with psoriasis (most of them 
presenting nail disease) and healthy controls. Enthe-
sopathy scores were higher in patients with nail disease 
than in patients without, and the authors concluded 
that psoriasis patients with nail disease have more fre-
quently underlying systemic subclinical enthesopathy 
than those with normal nails [50].

All of these findings suggest the importance of a care-
ful follow-up in patients with psoriasis and entheseal 
abnormalities to possibly give an early diagnosis of PsA. 
This should be remembered also because Farouk et al. 
found a nonstatistically significant difference between Ta
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psoriasis and PsA patients when comparing US enthe-
seal abnormalities of both calcaneal insertions of 
Achilles tendons [51].

The future: new areas of interest, US as 
a tool for differential diagnosis & disease 
monitoring
US of the skin
The incredible advances in technology over the last 
few years have produced US machines equipped with 
very high frequency probes (18 MHz or more), which 
are mandatory to clearly distinguish epidermidis, der-
mis and subcutaneous fat, allowing the visualization 
of detailed findings of psoriatic placque including the 
dermal blood flow. So, if it is true that US examina-
tion of psoriatic placque in patients with psoriasis has 
shown a significant correlation between PDUS find-
ings and both PASI and histological degree of vascu-
larization before and after etanercept treatment  [52], 
similar data have been published on PsA patients. 
In fact, De Agustin et al. demonstrated significant 
improvement for clinical variables (i.e., visual analog 
scale (VAS), tender and swollen joint counts (TJC 
and SJC), erythrocyte sedimentation rate (ESR), 
C-reactive protein (CRP), synovitis and PD signal, 
PASI and plaque thickness) in 24 patients treated 
with infliximab [53].

US of the nails
Nail disease is common in psoriasis and can be a clini-
cal predictor of PsA, as recently demonstrated by El 
Miedany et al., [48], where US nail involvement was 
associated with structural joint damage. The nail is 
intimately linked to the enthesis of the extensor ten-
don [54,55] and DIP joint disease in PsA is associated 
with diffuse inflammation that envelops the nail root 
and the adjacent bone [55,56]. Aydin et al., using US and 
clinical assessment (with modified nail psoriasis sever-
ity index) investigated the nail and adjacent tendons in 
86 subjects with psoriatic nail disease. They concluded 
that the demonstration of extensor tendon enthesopa-
thy in both psoriasis and PsA supports the importance 
of enthesopathy in nail disease pathogenesis whether 
clinical arthritis is present or not [57]. This hypothesis 
was also supported by Ash et al. as previously seen [50]. 
However, even if not considering the strict link to 
the tendon, US can provide useful data on the nail 
structure itself. We already know that the normal nail 
plate appears as a trilaminar structure, characterized 
by two hyperechoic sharp margins with an interposed 
thin anechoic line. In the early stages of psoriatic nail 
disease, a minimal loss of the sharpness of the hyper-
echoic definition of the ventral plate (which may 
appear focally curved and/or thickened) may be seen. 

As the disease progresses, the US assessment shows the 
loss of the intermediate anechoic layer, which may be 
focal or complete, leading to the thickening and fusion 
of both plates. Also the nail bed (distance between the 
ventral plate and the bone margin of the distal pha-
lanx) can be involved with a thickening (>2.5 mm). 
Finally, PD mode can show an increased blood flow 
within the nail bed, in the presence of a psoriatic nail 
disease, with respect to healthy subjects [58,59]. Similar 
data, attesting the increased distance between the nail 
ventral plate and the bone of the phalanx, have been 
shown by Sandobal et al.  [60], where PsA and psori-
atic patients had significantly higher values than RA 
patients. Using a cut-off point of 2 mm the Authors 
were able to define the subjects as part of one of the two 
groups. Besides, power Doppler was increased in PsA 
patients. Finally, a different US pattern of involvement 
of the nails was described between PsA and psoriatic 
patients. The added value of nail US for the rheuma-
tologist could also be represented by the fact that nail 
disease is included in the CASPAR classification crite-
ria for PsA [61]. In this light, the specificity of the find-
ings in nail psoriatic disease, apparently not present 
in other possible causes of onychopathy [Delle Sedie A, 

Dini V, Carli L  et  al. Nail disease: when ultrasound can help 

the dermatologist (2014) Submitted.], could be helpful in 
the characterization of the patient. 

US of the peripheral nerves
PsA is frequently showing synovitis or tenosynovitis 
(that could create a nerve entrapment) and, at the same 
time, carpal tunnel syndrome is more frequent in some 
other rheumatic diseases than in healthy controls, 
especially in systemic sclerosis patients [62,63]. This 
could lead the researcher to focus on the US assessment 
of the peripheral nerves. Unfortunately, up to now, no 
published data are available.

US as a tool for differential diagnosis
The most important thing to remember is that, until 
now, it had not been possible to distinguish whether a 
synovitis was due to RA or PsA (or any other arthri-
tis) because the features are the same. This may not 
be true for some particular aspects such as hypoechoic 
swelling of the soft tissue surrounding the extensor 
digitorum tendon or the 5th metatarsal bone bursitis 
(mirroring an inflammation of the soft tissue). This 
pattern was firstly reported by De Filippis et al. [64] in 
psoriatic patients without musculoskeletal involvement 
but a few years later, Gutierrez et al. described it (with 
or without peritendinous PD signal) in PsA patients. 
The ‘PTI pattern’ (as they named it) was detected in 
the clinically involved MCP joints in a high percentage 
of PsA but in none of the RA patients. The authors 
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concluded that the PTI pattern, which is highly 
characteristic of PsA, could have a potential role in the 
differential diagnosis between RA and PsA at MCP 
joint level [65].

Another particular finding was described by 
Ciancio et al., while evaluating the involvement of the 
bursa located next to the head of the 5th metatarsal 
bone in PsA or other SpA patients; they demonstrated 
the presence of this bursitis in the PsA group (11.3%) 
but not in the SpA or healthy controls. The authors 
concluded that this finding, if confirmed in future 
studies, could be useful for the differential diagnosis 
between PsA and other SpA [66].

Finally, as already stated, nail US examination 
could be helpful in the differentiation between PsA or 
psoriasis and RA patients [60].

US disease activity monitoring
Up to now, no guidelines to assess disease activity 
using US (neither alone nor combined with clini-
cal assessment) are given. A preliminary composite 
PDUS score (merging the knowledge on different 
structures involved in PsA) for the assessment of blood 
flow changes induced by anti-TNF-α therapy in PsA 
patients at five target areas (joint, tendon, enthesis, 
skin and nail) has recently been proposed [67], allowing 
an ‘all-inclusive’ evaluation of the disease activity in 
those patients.

Less comprehensive modalities could be given by 
using the enthesitis scoring systems already described 
in the enthesis section of this review or, simply by scor-
ing joint or tendon inflammatory findings (using the 
already existing general scoring systems) or structural 
changes (i.e., monitoring the occurrence, number or 
dimensions of the erosions).

Conclusion
US represents a useful tool to asses patients with psori-
asis and PsA in order to better define the diagnosis (in 
psoriasis patients) or the extent of the disease (in PsA), 
providing useful data about the soft tissue – musculo-
skeletal involvement (both meaning structural dam-
ages and inflammatory activity) that has been demon-
strated to be responsive to treatment. Future studies 
are necessary to confirm a possible use of US in the 
differential diagnosis between PsA and other kind of 
arthritis, also within the same family of the SpA.

Future perspective
It appears quite likely that US will have more and more 
importance in the evaluation of PsA patients because 
of the necessity of early treatments (to avoid structural 
damage and so a decrease in the quality of life). A great 
deal of work still needs to be carried out to finally 
understand if US will really be useful in the differen-
tial diagnosis between PsA and other chronic arthri-
tis. Finally, the efficacy of the treatments (frequently 
quite expensive) needs to be monitored (in the light of 
the optimization of the resources) and US has already 
proven to be a better tool with respect to clinical and 
laboratory data to be used for this aim.
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Executive summary

•	 Ultrasound (US) is able to demonstrate signs of inflammation in any peripheral joint or tendon or enthesis 
with a higher sensitivity with respect to clinical examination.

•	 US is able to follow-up the disease activity during treatment (regardless of which one).
•	 There are a few scoring system proposed and all of them work well (even if not comparable).
•	 US is able to assess the disease activity also on skin and nail disease, reinforcing the concept of ‘psoriatic 

disease’ and the necessity of a global assessment.
•	 US could be useful to differentiate between psoriatic patients who will probably develop arthritis and 

between different kinds of chronic arthritis.

References
Papers of special note have been highlighted as: 
• of interest; •• of considerable interest 

1	 Naredo E, Möller I, De Miguel E et al. High prevalence of 
ultrasonographic synovitis and enthesopathy in patients with 
psoriasis without psoriatic arthritis: a prospective case control 
study. Rheumatology 50, 1838–48 (2011).

2	 Gisondi P, Tinazzi I, El-Dalati G et al. Lower limb 
enthesopathy in patients with psoriasis without clinical signs 
of arthropathy: a hospital-based case-control study. Ann. 
Rheum. Dis. 67, 26–30 (2008).

3	 Eder L, Thavaneswaran A, Chandran V, Cook R, 
Gladman DD. Increased burden of inflammation over 
time is associated with the extent of atherosclerotic plaques 
in patients with psoriatic arthritis. Ann. Rheum. Dis. 

Author P
ro

of 



www.futuremedicine.com 41future science group

Musculoskeletal ultrasound imaging in the diagnosis of psoriatic arthritis: from the past to the future    Review

doi:10.1136/annrheumdis-2014-205267 (2014) (Epub ahead 
of print).

4	 Ramonda R, Puato M, Punzi L et al. Atherosclerosis 
progression in psoriatic arthritis patients despite the 
treatment with tumor necrosis factor-alpha blockers: a 
two-year prospective observational study. Joint Bone Spine 
81(5), 421–425 (2014).

5	 Lin YC, Dalal D, Churton S et al. Relationship between 
metabolic syndrome and carotid intima-media thickness: 
cross-sectional comparison between psoriasis and psoriatic 
arthritis. Arthritis Care Res. 66, 97–103 (2014).

6	 Eder L, Jayakar J, Shanmugarajah S et al. The burden of 
carotid artery plaques is higher in patients with psoriatic 
arthritis compared with those with psoriasis alone. Ann. 
Rheum. Dis. 72, 715–720 (2013).

7	 Di Minno MN, Iervolino S, Peluso R, Scarpa R, Di Minno 
G. TNF-α blockers and carotid intima-media thickness: an 
emerging issue in the treatment of psoriatic arthritis. Intern. 
Emerg. Med. 7(Suppl. 2), S97–S98 (2012).

8	 Atzeni F, Sarzi-Puttini P, Sitia S et al. Coronary flow reserve 
and asymmetric dimethylarginine levels: new measurements 
for identifying subclinical atherosclerosis in patients with 
psoriatic arthritis. J. Rheumatol. 38, 1661–1664 (2011).

9	 Di Minno MN, Iervolino S, Peluso R, Scarpa R, Di Minno 
G, CaRRDs study group. Carotid intima-media thickness 
in psoriatic arthritis: differences between tumor necrosis 
factor-α blockers and traditional disease-modifying 
antirheumatic drugs. Arterioscler. Thromb. Vasc. Biol. 31, 
705–712 (2011).

10	 Mazzoccoli G, Notarsanto I, de Pinto GD et al. Anti-tumor 
necrosis factor-α therapy and changes of flow-mediated 
vasodilatation in psoriatic and rheumatoid arthritis patients. 
Intern. Emerg. Med. 5, 495–500 (2010).

11	 Mazlan SA, bin Mohamed Said MS, Hussein H, binti 
Shamsuddin K, Shah SA, Basri H. A study of intima media 
thickness and their cardiovascular risk factors in patients 
with psoriatic arthritis. Acta Medica 52, 107–116 (2009).

12	 Tam LS, Shang Q, Li EK et al. Subclinical carotid 
atherosclerosis in patients with psoriatic arthritis. Arthritis 
Rheum. 59, 1322–31 (2008).

13	 Eder L, Zisman D, Barzilai M et al. Subclinical 
atherosclerosis in psoriatic arthritis: a case-control study. 
J. Rheumatol. 35, 877–882 (2008).

14	 Gonzalez-Juanatey C, Llorca J, Amigo-Diaz E, Dierssen 
T, Martin J, Gonzalez-Gay MA. High prevalence of 
subclinical atherosclerosis in psoriatic arthritis patients 
without clinically evident cardiovascular disease or classic 
atherosclerosis risk factors. Arthritis Rheum. 57, 1074–1080 
(2007).

15	 Sattar N, Crompton P, Cherry L, Kane D, Lowe G, 
McInnes IB. Effects of tumor necrosis factor blockade 
on cardiovascular risk factors in psoriatic arthritis: a 
double-blind, placebo-controlled study. Arthritis Rheum. 56, 
831–839 (2007).

16	 Gutierrez M, Filippucci E, De Angelis R et al. Subclinical 
entheseal involvement in patients with psoriasis: an 
ultrasound study. Semin. Arthritis Rheum. 40, 407–412 
(2011).

17	 Delle Sedie A, Riente L, Filippucci E et al. Ultrasound 
imaging for the rheumatologist XXVI. Sonographic 
assessment of the knee in patients with psoriatic arthritis. 
Clin. Exp. Rheumatol. 28, 147–152 (2010).

18	 Riente L, Delle Sedie A, Sakellariou G et al. Ultrasound 
imaging for the rheumatologist XXXVIII. Sonographic 
assessment of the hip in psoriatic arthritis patients. Clin. Exp. 
Rheumatol. 30, 152–155 (2012).

19	 Delle Sedie A, Riente L, Filippucci E et al. Ultrasound 
imaging for the rheumatologist. XXXII. Sonographic 
assessment of the foot in patients with psoriatic arthritis. 
Clin. Exp. Rheumatol. 29, 217–222 (2011).

20	 Riente L, Delle Sedie A, Filippucci E et al. Ultrasound 
imaging for the rheumatologist XLV. Ultrasound of the 
shoulder in psoriatic arthritis. Clin. Exp. Rheumatol. 31, 
329–333 (2013).

21	 Galluzzo E, Lischi DM, Taglione E et al. Sonographic 
analysis of the ankle in patients with psoriatic arthritis. 
Scand. J. Rheumatol. 29, 52–55 (2000).

22	 Bandinelli F, Prignano F, Bonciani D et al. Ultrasound 
detects occult entheseal involvement in early psoriatic 
arthritis independently of clinical features and psoriasis 
severity. Clin. Exp. Rheumatol. 31, 219–224 (2013).

23	 Wiell C, Szkudlarek M, Hasselquist M et al. 
Ultrasonography, magnetic resonance imaging, radiography, 
and clinical assessment of inflammatory and destructive 
changes in fingers and toes of patients with psoriatic arthritis. 
Arthritis Res. Ther. 9, R119 (2007).

24	 Weiner SM, Jurenz S, Uhl M et al. Ultrasonography in 
the assessment of peripheral joint involvement in psoriatic 
arthritis. Clin. Rheumatol. 27, 983–989 (2008).

25	 Schäfer VS, Fleck M, Kellner H et al. Evaluation of the novel 
ultrasound score for large joints in psoriatic arthritis and 
ankylosing spondylitis: six month experience in daily clinical 
practice. BMC Musculoskelet. Disord. 14, 358 (2013).

26	 Freeston J, Coates L, Nam J et al. Is there sub-clinical 
synovitis in early psoriatic arthritis? A clinical comparison 
with grey scale and power Doppler ultrasound. Arthritis Care 
Res. 66, 432–439 (2014).

27	 Scarpa R, Cuocolo A, Peluso R et al. Early psoriatic arthritis: 
the clinical spectrum. J. Rheumatol. 35, 137–141 (2008).

28	 Fourniè B, Margarit-Coll N, Champetier de Ribes TL et 
al. Extrasynovial ultrasound abnormalities in the psoriatic 
finger. Prospective comparative power-Doppler study versus 
rheumatoid arthritis. Joint Bone Spine 73, 527–31 (2006).

29	 Kane D, Greaney T, Bresnihan B et al. Ultrasonography 
in the diagnosis and management of psoriatic dactylitis. 
J. Rheumatol. 26, 1746–1751 (1999).

30	 Olivieri I, Barozzi L, Favaro L et al. Dactylitis in patients 
with seronegative spondylarthropathy. Assessment by 
ultrasonography and magnetic resonance imaging. Arthritis 
Rheum. 39, 1524–1528 (1996).

31	 Mease PJ. Psoriatic arthritis: update on pathophysiology, 
assessment and management. Ann. Rheum. Dis. 70(Suppl. 1), 
i77–i84 (2011).

32	 Lehtinen A, Taavitsainen M, Leirisalo-Repo . Sonographic 
analysis of enthesopathy in the lower extremities of patients 

Author P
ro

of 



42 Int. J. Clin. Rheumatol. (2015) 10(1) future science group

Review    Delle Sedie & Riente

with spondylarthropathy. Clin. Exp. Rheumatol. 12, 
143–148 (1994).

33	 Wakefield RJ, Balint PV, Szkudlarek M et al. OMERACT 
7 Special Interest Group. Musculoskeletal ultrasound 
including definitions for ultrasonographic pathology. 
J. Rheumatol. 32, 2485–2487 (2005).

34	 D’Agostino MA, Palazzi C, Olivieri I. Entheseal 
involvement. Clin. Exp. Rheumatol. 27(4 Suppl. 55), 
S50–S55 (2009).

35	 Gandjbakhch F, Terslev L, Joshua F et al. Ultrasound in the 
evaluation of enthesitis: status and perspectives. Arthritis 
Res. Ther. 13, R188 (2011).

36	 Terslev L, Naredo E, Iagnocco A et al. Defining enthesitis 
in spondyloarthritis by ultrasound: results of a Delphi 
process and of a reliability reading exercise. Arthritis Care 
Res. 66(5), 741–748(2014).

••	 Definition of enthesitis is of primary importance to 
really assess the disease (both for diagnosis and follow-up 
purposes).

37	 Bakewell CJ, Olivieri I, Aydin SZ et al. Ultrasound and 
magnetic resonance imaging in the evaluation of psoriatic 
dactylitis: status and perspectives. J. Rheumatol. 40, 
1951–1957 (2013).

38	 D’Agostino MA. Ultrasound imaging in 
spondyloarthropathies. Best Pract. Res. Clin. Rheumatol. 24, 
693–700 (2010).

•	 Provides a nice review of the importance of ultrasound in 
spondyloarthopathies.

39	 Falsetti P, Acciai C, Lenzi L et al. Ultrasound of 
enthesopathy in rheumatic diseases. Mod. Rheumatol. 19, 
103–113 (2009).

40	 D’Agostino MA, Said-Nahal R, Hacquard-Bouder 
C et al. Assessment of peripheral enthesitis in the 
spondylarthropathies by ultrasonography combined with 
power Doppler: a cross-sectional study. Arthritis Rheum. 48, 
523–533 (2003).

•	 One of the most important scoring systems proposed for 
enthesitis.

41	 Balint PV, Kane D, Wilson H et al. Ultrasonography 
of entheseal insertions in the lower limb in 
spondyloarthropathy. Ann. Rheum. Dis. 61, 905–910 
(2002).

•	 First and also one of the most important scoring systems 
proposed for enthesitis.

42	 Alcalde M, Acebes JC, Cruz M, González-Hombrado L, 
Herrero-Beaumont G, Sánchez-Pernaute O. A sonographic 
enthesitic index of lower limbs is a valuable tool in the 
assessment of ankylosing spondylitis. Ann. Rheum. Dis. 66, 
1015–1019 (2007).

•	 One of the most important scoring systems proposed for 
enthesitis.

43	 Benjamin M, McGonagle D. The enthesis organ concept 
and its relevance to the spondyloarthropathies. Adv. Exp. 
Med. Biol. 649, 57–70 (2009).

••	 The more accepted pathogenetic theory for 
spondyloarthropathies.

44	 De Miguel E, Cobo T, Munoz-Fernandez S et al. Validity 
of enthesis ultrasound assessment in spondyloarthropathy. 
Ann. Rheum. Dis. 68, 169–174 (2009).

•	 One of the most important scoring systems proposed for 
enthesitis.

45	 Frediani B, Falsetti P, Storri L et al. Ultrasound and 
clinical evaluation of quadricipital tendon enthesitis in 
patients with psoriatic arthritis and rheumatoid arthritis. 
Clin. Rheumatol. 21, 294–298 (2002).

46	 Naredo E, Batlle-Gualda E, García-Vivar ML et al. 
Power Doppler ultrasonography assessment of entheses in 
spondyloarthropathies: response to therapy of entheseal 
abnormalities. J. Rheumatol. 37, 2110–2117 (2010).

47	 Litinsky I, Balbir-Gurman A, Wollman J et al. Ultrasound 
assessment of enthesis thickening in psoriatic arthritis 
patients treated with adalimumab compared with 
methotrexate. Clin. Rheumatol. (2014) (Epub ahead of 
print).

48	 El Miedany Y, El Gaafary M, Youssef S, Ahmed I, Nasr 
A. Tailored approach to early psoriatic arthritis patients: 
clinical and ultrasonographic predictors for structural joint 
damage. Clin. Rheumatol. (2014) (Epub ahead of print).

49	 Eder L, Jayakar J, Thavaneswaran A et al. Is the MAdrid 
Sonographic Enthesitis Index useful for differentiating 
psoriatic arthritis from psoriasis alone and healthy controls? 
J. Rheumatol. 41, 466–472 (2014).

50	 Ash ZR, Tinazzi I, Gallego CC et al. Psoriasis patients 
with nail disease have a greater magnitude of underlying 
systemic subclinical enthesopathy than those with normal 
nails. Ann. Rheum. Dis. 71, 553–556 (2012).

51	 Farouk HM, Mostafa AA, Youssef SS, Elbeblawy MM, 
Assaf NY, Elokda el SE. Value of entheseal ultrasonography 
and serum cartilage oligomeric matrix protein in the 
preclinical diagnosis of psoriatic arthritis. Clin. Med. 
Insights Arthritis Musculoskelet. Disord. 3, 7–14 (2010).

52	 Gutierrez M, De Angelis R, Bernardini ML et al. Clinical, 
power Doppler sonography and histological assessment 
of the psoriatic plaque: short-term monitoring in patients 
treated with etanercept. Br. J. Dermatol. 164, 33–37 
(2011).

53	 De Augustín JJ, Moragues C, De Miguel E et al. A 
multicentre study on high-frequency ultrasound evaluation 
of the skin and joints in patients with psoriatic arthritis 
treated with infliximab. Clin. Exp. Rheumatol. 30, 879–885 
(2012).

54	 Tan AL, Tanner SF, Waller ML et al. High-resolution 
[18F]fluoride positron emission tomography of the distal 
interphalangeal joint in psoriatic arthritis””a bone-enthesis-
nail complex. Rheumatology (Oxford) 52, 898–904 (2013).

55	 Tan AL, Benjamin M, Toumi H et al. The relationship 
between the extensor tendon enthesis and the nail in distal 
interphalangeal joint disease in psoriatic arthritis – a high-
resolution MRI and histological study. Rheumatology 46, 
253–256 (2007).

56	 McGonagle D. Enthesitis: an autoinflammatory lesion 
linking nail and joint involvement in psoriatic disease. 
JEADV 23(Suppl. 1), 9–13 (2009).

Author P
ro

of 



www.futuremedicine.com 43future science group

Musculoskeletal ultrasound imaging in the diagnosis of psoriatic arthritis: from the past to the future    Review

57	 Aydin SZ, Castillo-Gallego C, Ash ZR et al. 
Ultrasonographic assessment of nail in psoriatic 
disease shows a link between onychopathy and distal 
interphalangeal joint extensor tendon enthesopathy. 
Dermatology 225, 231–5 (2012).

58	 Gutierrez M, Filippucci E, De Angelis R, FILOSA G, Kane 
D, Grassi W. A sonographic spectrum of psoriatic arthritis: 
“the five targets”. Clin. Rheumatol. 29, 133–142 (2010).

59	 Gutierrez M, Filippucci E, Bertolazzi C, Grassi W. 
Sonographic monitoring of psoriatic plaque. J. Rheumatol. 
36, 850–851 (2009).

60	 Sandobal C, Carbó E, Iribas J, Roverano S, Paira S. 
Ultrasound nail imaging on patients with psoriasis and 
psoriatic arthritis compared with rheumatoid arthritis and 
control subjects. J. Clin Rheumatol. 20, 21–24 (2014).

61	 Taylor W, Gladman D, Helliwell P et al. Classification 
criteria for psoriatic arthritis: development of new criteria 
from a large international study. Arthritis Rheum. 54, 
2665–2673 (2006).

62	 Bandinelli F, Kaloudi O, Candelieri A et al. Early detection 
of median nerve syndrome at the carpal tunnel with high-
resolution 18 MHz ultrasonography in systemic sclerosis 
patients. Clin. Exp. Rheumatol. 28(Suppl. 62), S15–S18 
(2010).

63	 Tagliafico A, Panico N, Resmini E et al. The role of 
ultrasound imaging in the evaluation of peripheral nerve in 
systemic sclerosis (scleroderma). Eur. J. Radiol. 77, 377–382 
(2011).

64	 De Filippis LG, Caliri A, Lo Gullo R et al. Ultrasonography 
in the early diagnosis of psoriasis-associated enthesopathy. 
Int. J. Tissue React. 27, 159–162 (2005).

65	 Gutierrez M, Filippucci E, Salaffi F et al. Differential 
diagnosis between rheumatoid arthritis and psoriatic 
arthritis: the value of ultrasound findings at 
metacarpophalangeal joints level. Ann. Rheum. Dis. 70, 
1111–1114 (2011).

66	 Ciancio G, Volpinari S, Fotinidi M et al. Involvement of 
the inconstant bursa of the fifth metatarsophalangeal joint 
in psoriatic arthritis: a clinical and ultrasonographic study. 
Biomed. Res. Int. doi:10.1155/2014/174841 (2014) (Epub 
ahead of print).

67	 Gutierrez M, Di Geso L, Salaffi F et al. Development 
of a preliminary US power Doppler composite score for 
monitoring treatment in PsA. Rheumatology 51, 1261–1268 
(2012).

•	 The only ‘global’ score for treatment monitoring in 
psoriatic arthritis patients.

Author P
ro

of 


