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ABSTRACT

Introduction: This study aimed to develop a
predictive model based on ultrasound variables
which can be used to screen patients with pso-
riasis who are prone to progress to psoriatic
arthritis (PsA) in clinical practice.
Methods: This is a cross-sectional study con-
ducted in a single center from October 2018 to
November 2020. All subjects (non-PsA group,
PsA group, and control group) underwent an

ultrasound examination and their ultrasound
abnormalities were recorded. On the basis of
statistical analysis and clinical experts’ advice,
several variables were selected for modelling.
We used logistic regression to establish the
prediction model. To assess the discrimination
and accuracy of this model, internal validation
and external validation were performed.
Results: A total of 852 patients with psoriasis
but without PsA, 261 patients with PsA, and 86
healthy volunteers were included. Ultimately,
the predictive model consisted of six variables,
namely hand joint power Doppler (PD) signals
(grade 0: OR 2.94, 95% CI 1.94–4.47; grade C 1:
OR 109.30, 95% CI 14.35–832.27; P\0.001),
wrist joint synovial thickening (grade 1:
OR 1.29, 95% CI 0.69–2.43; grade 2: OR 4.30,
95% CI 1.92–9.65; grade 3: OR 11.05, 95% CI
1.01–120.64; P = 0.001), knee joint PD signals
(grade 0: OR 1.01, 95% CI 0.56–1.80; grade C 1:
OR 14.77, 95% CI 3.99–54.69; P\ 0.001), toe
joint PD signals (grade 0: OR 1.18, 95% CI
0.78–1.79; grade C 1: OR 5.74, 95% CI
2.84–11.63; P\ 0.001), quadriceps tendon and
patellar tendon enthesitis (OR 1.95, 95% CI
1.36–2.78, P\ 0.001), Achilles tendon and
plantar aponeurosis enthesitis (OR 1.63, 95% CI
1.14–2.32, P = 0.007). C-index for the predictive
model was 0.80 (95% CI 0.76–0.83). After
bootstrapping validation (1000 times), it was
confirmed to be 0.79. The external validation
showed the accuracy of the predictive model is
0.87 (95% CI 0.69–0.95).
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Conclusion: This study succeeded in develop-
ing a predictive model with a high degree of
accuracy to predict the risk of PsA in patients
with psoriasis.

PLAIN LANGUAGE SUMMARY

Psoriatic arthritis often occurs in the population
of patients with psoriasis. It brings a huge bur-
den and pain to patients. At present, the diag-
nosis for psoriatic arthritis is very challenging.
Numerous research studies have begun to focus
on identifying patients with psoriasis at
increased risk of psoriatic arthritis. Among a lot
of modalities, ultrasound has been considered
as a sensitive and convenient tool for screening
early psoriatic arthritis. Our study successfully
established a predictive model based on ultra-
sound variables to screen patients with psoriasis
at high risk of transiting to psoriatic arthritis.
After internal and external validation, it showed
great accuracy and generalizability. We recom-
mend that clinicians perform ultrasound
screening of patients with psoriasis in clinical
routine and get their risk value of transiting to
psoriatic arthritis by using this model. For those
patients with a high risk of progression to pso-
riatic arthritis, clinicians should refer them to a
rheumatology department as soon as possible so
that they could have access to early and effec-
tive management which might bring them
good clinical and imaging outcomes.

Keywords: Psoriasis; Psoriatic arthritis;
Ultrasound; Predictive model

Key Summary Points

Why carry out this study?

At present, for psoriatic arthritis, the most
important thing is to screen the patients
with psoriasis at high risk of psoriatic
arthritis transition who might benefit
from early intervention that could
improve clinical and imaging outcomes

This study aimed to develop a predictive
model based on ultrasound variables
which can be used to screen patients with
psoriasis who are prone to progress to
psoriatic arthritis in clinical practice

What was learned from the study?

Our study provides clinicians with an
effective and simple predictive nomogram
for the early screening of patients with
psoriasis at high risk of transiting to
psoriatic arthritis

This predictive model is recommended for
dermatologists in their daily clinical work
to screen for early psoriatic arthritis

INTRODUCTION

Psoriatic arthritis (PsA) is a chronic inflamma-
tory musculoskeletal disease with an incidence
of 6–41% in the psoriatic population [1], typi-
cally presenting as synovitis, enthesitis,
dactylitis, and sacroiliitis [2]. PsA can even
develop into destructive arthritis in some
patients [2] and patients with PsA have lower
quality of life and life expectancy [3]. Because of
heterogeneity and complicacy, PsA remains
very challenging in terms of diagnosis [2].
Despite the wide use of classification Criteria for
Psoriatic Arthritis (CASPAR) in both clinical
research and clinical practice, patients who
meet the criteria have presented the inflam-
matory musculoskeletal disease [4]. However,
any treatment might not improve the long-
term clinical outcomes for patients with psori-
asis who have clinically confirmed arthritis [5].
Therefore, at present, the most important thing
is to identify the patients with psoriasis at high
risk of PsA transition who might benefit from
early intervention that could improve clinical
and imaging outcomes [5]. As most patients
with PsA have psoriatic skin lesions prior to
arthropathy, the cutaneous biomarker is there-
fore suitable for dermatologists to screen and
recognize early PsA [6].
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There are various modalities to screen for
early PsA. Among them, ultrasound (US) is a
relatively more sensitive and convenient
modality for assessing not only the disease
activity but also damage of inflammatory
arthritis compared with physical examination
and other imaging methods [7–11]. More and
more studies have noted that US could detect
subclinical imaging changes in patients with
psoriasis without musculoskeletal symptoms
[12–14]. In addition, a few studies showed that
enthesopathy and hand synovitis detected by
US or magnetic resonance imaging could pre-
dict the development of PsA [15, 16]. However,
despite US being able to sensitively detect a
number of abnormalities in patients with early
PsA, faced with a mass of ultrasound variables, it
is difficult for clinicians to determine which of
those changes could better predict the progres-
sion of PsA in patients with psoriasis. Therefore,
it is essential to establish a quantified, visual,
and convenient tool based on ultrasound vari-
ables to predict risk of future clinically evident
PsA for patients with psoriasis.

In this study, we aim to establish a predictive
model based on ultrasonic variables which can
be used to identify patients with psoriasis at
increased risk of PsA in clinical practice.

METHODS

Study Design and Patients

This cross-sectional study comprised patients
with psoriasis without clinical symptoms and
signs of psoriatic arthritis (non-PsA group),
patients with psoriatic arthritis (PsA group), and
healthy volunteers (control group). All patients
with psoriasis came from the Department of
Dermatology, West China Hospital, Sichuan
University between October 2018 and Novem-
ber 2020. Healthy volunteers came from the
physical examination center at West China
Hospital, Sichuan University. All subjects
underwent elaborate ultrasound examination.
The study was approved by the ethics commit-
tee of West China Hospital, Sichuan University
(approval number ChiCTR-DCD-15006851) and
performed in accordance with the Helsinki

Declaration of 1964, and its later amendments.
Each participating patient signed an informed
consent form. No identifying information of
participants was included in the manuscript.

Inclusion and Exclusion Criteria

In accordance with the inclusion and exclusion
criteria of clinical studies in our center [17], the
inclusion criteria for the non-PsA group were as
follows: (i) aged 18–65 years with no gender
restriction; (ii) with a clear diagnosis of psoriasis
confirmed by two experienced dermatologists.
Exclusion criteria were (i) current or historical
diagnosis of any arthritis including psoriatic
arthritis, rheumatoid arthritis, osteoarthritis,
gouty arthritis, ankylosing spondylitis, and
similar conditions; (ii) pregnancy; (iii) a history
of trauma or heavy manual labor prior to US
examination; (iv) with other comorbidities
including hematological system diseases,
malignant tumors, serious hepatic dysfunction,
renal dysfunction, or other visceral organ
dysfunction.

For the PsA group, patients included should
meet the following inclusion criteria: (i) aged
18–65 years, irrespective of gender; (ii) met the
Classification Criteria for Psoriasis Arthritis [4]
according to which patients must have a pre-
condition of inflammatory musculoskeletal
disease and meanwhile achieve a score C 3
among the following five categories: evidence of
psoriasis (current psoriasis, a personal history of
psoriasis, or a family history of psoriasis), pres-
ence of psoriatic nail dystrophy, a negative test
for rheumatoid factor, dactylitis (current or
history), and radiographic evidence of juxta
articular new bone formation. Patients were
excluded if they met the following exclusion
criteria: (i) a diagnosis of any other arthritis
including rheumatoid arthritis, osteoarthritis,
gouty arthritis, ankylosing spondylitis, and
similar conditions; (ii) pregnancy; (iii) a history
of trauma or heavy manual labor prior to US
examination; (iv) with other comorbidities
including hematological system diseases,
malignant tumors, serious hepatic dysfunction,
renal dysfunction, or other visceral organ
dysfunction.
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Finally, we selected healthy volunteers as the
control group. For the control group, exclusion
criteria were as follows: (i) pregnancy; (ii) a
history of trauma or heavy manual labor prior
to US examination; and (iii) a current or previ-
ous diagnosis of any diseases including psoriasis
and any other skin diseases, psoriatic arthritis
and any other form of arthritis, hematological
system diseases, malignant tumors, serious vis-
ceral organ dysfunction, and similar conditions.

US Examination

The ultrasound examinations were performed
by three sonographers with more than 5 years
of experience in musculoskeletal ultrasound
imaging. To ensure that the evaluation for each
subject was homogeneous, all operating proce-
dures referred to the guideline for muscu-
loskeletal ultrasound examination jointly
developed by the American Society of Ultra-
sound in Medicine (AIUM) [18]. All results were
checked by an experienced sonographer (LZ) to
guarantee the correctness of the results. The
examination time was approximately 30 min
per subject. The radiologists were blinded to
subjects’ clinical data. In addition, all subjects
were required not to communicate about their
diseases with the sonographer during the US
examination.

The device used was a color power Doppler
(PD) US (Philips IU22). Depending on the depth
of joint, the probe frequency was set at 3–9 or
5–12 MHz, and the musculoskeletal condition
was chosen. The sonographer examined all tar-
get joints, tendons, bursae, and nails in grays-
cale mode and detected the blood flow signals
in PD mode. The grayscale pattern showed
structural changes and the gain was set at
maximum sensitivity without noise signals. The
PD pattern showed the activity level of inflam-
mation and its gain was set at maximum sensi-
tivity without Doppler artifact and color
overflow.

The joints scanned included shoulders,
elbows, wrists, metacarpophalangeal joints
(MCP), interphalangeal joints (IP) of the fingers,
hips, knees, ankles, tarsal joints, metatarsopha-
langeal joints (MTP), and interphalangeal joints

of the toes. All recesses in the above articular
cavity were completely scanned. Among them,
wrists, metacarpophalangeal joints, metatar-
sophalangeal joints, and interphalangeal joints
were both dorsally and palmarly scanned. The
tendons scanned included long heads of the
biceps brachii, supraspinatus tendon,
infraspinatus tendon, teres minor tendon,
common extensor tendon, common flexor
tendon, triceps tendon, extensor and flexor
tendons of wrists and hands, gluteus medius
tendon, gluteus minor tendon, iliotibial band,
quadriceps tendon, tibialis anterior tendon,
tibial posterior tendons, peroneal long/short
tendons, Achilles tendons, plantar fascia, flexor
and extensor tendons of the toes. The bursae
scanned included subacromial–subdeltoid bur-
sae, olecranon bursae, gastrocnemius-
semimembranosus bursae, and posterior cal-
caneal bursae. All tendons and bursae under-
went transverse and longitudinal scanning. The
nails scanned included the superficial and deep
nail plate, nail bed, and nail matrix of each
fingernail and toenail.

For joints, joint effusion, synovial thicken-
ing, PD signals, osteophytes, and bone erosions
were evaluated. Similarly, for tendons, enthesi-
tis (entheses thickening, hypoechogenicity, PD
signals, osteophytes, calcifications, and bone
erosions), tendon sheath synovial thickening,
and tendon sheath effusion were evaluated.
With respect to bursae, the sonographer evalu-
ated bursa synovial thickening and bursa effu-
sion. Regrading nail dystrophy, the sonographer
mainly observed whether there was thickening
of the nail plate structure, surface unevenness,
and disappearance of the deep nail plate and
whether the echogenicity and blood flow signal
of nail bed and nail matrix were altered.

Among these variables, joint effusion, joint
synovial thickening, and joint PD signals were
semiquantitatively assessed. The joint effusion
and joint synovial thickening were scored as
follows [19]: grade 0 (no anechoic, hypoechoic,
or hyperechoic structure was visible, which
means no effusion/synovial thickening),
grade 1 (joint effusion/synovial thickening did
not exceed the peripheral trigonum of the
bones adjacent to the scanned joint), grade 2
(joint effusion/synovial thickening extended
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beyond the articular cavity but did not reach
the backbone), grade 3 (joint effusion/synovial
thickening extended beyond the articular cavity
and reached the backbone). The grade of uni-
lateral multi-joints (such as MCP, MTP, and IP)
were recorded with the highest score. Finally,
for joints with synovial thickening, the joint PD
signals were scored following the following cri-
teria [20]: grade 0 (no intra-articular blood flow
signals), grade 1 (no more than three blood flow
signals), grade 2 (a small amount of blood flow
signals, the area was less than 50% of the syn-
ovial area), grade 3 (continuous blood flow sig-
nals, the area exceeded 50% of the synovial
area). Likewise, the grades of unilateral multi-
joints (such as MCP, MTP, and IP) were recorded
with the highest score.

Statistical Analysis

Categorical variables were expressed as count
(%), while continuous variables were repre-
sented using mean (SD). The alpha level was set
to 0.05 with all tests two-sided. A P value less
than 0.05 was statistically significant. We used
Fisher’s exact test to compare the categorical
variables of the PsA, non-PsA, and control
groups, while Student’s t test was used to com-
pare the continuous variables among the three
groups. Next, we went through the steps of
variable selection, model establishment, and
accuracy assessment to develop a prediction
model. Firstly, we performed the statistical
analysis of differences in all ultrasound vari-
ables between the PsA and non-PsA groups.

Then, on the basis of the opinions of clinical
experts, the most clinically significant variables
were selected. Logistic regression was used as
our modeling method to classify the two groups
(PsA and non-PsA), and we used a nomogram to
show this prediction model, which is a practical
tool to visualize the results. C-index, a general-
ization of the area under the receiver operating
characteristic (ROC), was used to quantify the
performance of this prediction model, and the
established nomogram was evaluated by draw-
ing the calibration curve. To avoid worse clini-
cal outcomes, decision curve analysis (DCA) was
performed to evaluate the clinical usefulness of
the prediction model by calculating the net
income under different threshold probabilities
between the two groups. Statistical analysis was
performed with RStudio software (Version 4.0.2,
https://www.R-project.org).

RESULTS

Patient Characteristics

A total of 852 patients in the non-PsA group,
261 patients with PsA, and 86 healthy volun-
teers were included in the study. The demo-
graphics of these subjects are shown in Table 1.
Gender, height, weight, and body mass index
(BMI) among the three groups showed no sig-
nificant difference (all P[0.05).

Table 1 Demographics of the non-PsA, PsA, and control groups

Variables Non-PsA (n = 852) PsA (n = 261) Control (n = 86) P value

Age, years 39.53 (14.65) 41.20 (10.11) 40.48 (11.94) 0.21

Gender, male, n (%) 549 (64.44) 163 (62.45) 59 (68.60) 0.58

Height, cm 165.54 (8.06) 164.11 (8.05) 164.83 (8.27) 0.21

Weight, cm 65.45 (13.09) 63.99 (11.37) 64.02 (7.84) 0.38

BMI, kg/m2 23.73 (3.79) 23.74 (3.73) 23.50 (1.52) 0.84

Data are presented as mean (SD) unless otherwise specified
BMI body mass index

Dermatol Ther (Heidelb) (2022) 12:419–433 423

https://www.R-project.org


Most Important Affected Anatomical Sites
of PsA

The top ten most common affected anatomical
sites of PsA are quadriceps tendon, MTP,
Achilles tendon, proximal interphalangeal joint
(PIP), knee, MCP, ankle, wrist, distal interpha-
langeal joint (DIP), and shoulder with the
prevalence of 55.17%, 54.02%, 50.57%, 47.89%,
46.74%, 39.85%, 32.57%, 27.20%, 24.14%, and
20.69%, respectively (Fig. 1).

Comparison of Ultrasound Abnormalities
Between the Three Groups

In joint changes, the percentage of joint effu-
sion, synovial thickening, PD signals, osteo-
phytes, and bone erosion of patients with PsA
was significantly higher than that of patients in
the non-PsA group (all P\ 0.05). Entheses

thickening, hypoechogenicity, PD signals,
osteophytes, and bone erosion in patients with
PsA were significantly higher than in patients in
the non-PsA group (all P\0.05). With respect
to tendon changes, patients with PsA presented
more tendon sheath synovial thickening and
tendon sheath effusion than patients in the
non-PsA group (all P\ 0.05). Bursa synovial
thickening also occurred more frequently in the
PsA group than in the non-PsA group
(P\0.05). Moreover, compared with healthy
controls, patients in the non-PsA group were
found to have several subclinical ultrasonic
abnormalities including joint effusion, joint
synovial thickening, joint PD signals, joint
osteophytes, entheses hypoechogenicity, and
tendon sheath effusion (all P\0.05). The
details are summarized in Table 2.

Fig. 1 Top10 most common affected anatomical sites of PsA. MTP metatarsophalangeal joints, PIP proximal
interphalangeal joints, MCP metacarpophalangeal joints, DIP distal interphalangeal joint
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Development of Predictive Model

According to the suggestions of clinical experts,
we selected the following variables: synovial
thickening and PD signals of knee joints, ankle
joints, wrist joints, hand joints (MCP and IP),
and toe joints (MTP and IP), quadriceps tendon
and patellar tendon enthesitis, Achilles tendon
and plantar aponeurosis enthesitis for variable
selection. On the basis of statistical analysis
using the forward:LR selection method, we
identified six variables (hand joint PD signals,

wrist joint synovial thickening, knee joint PD
signals, toe joint PD signals, quadriceps tendon
and patellar tendon enthesitis, Achilles tendon
and plantar aponeurosis enthesitis) that could
make significant contributions to the risk pre-
diction model (with P\0.05), in which the
other six variables were excluded because their
P values were greater than 0.05 (Table 3). There
are some steps that should be followed when
using this nomogram (Fig. 2):

1. Enthesitis-related variables were rated as yes
and no.

Table 2 Differences of ultrasound changes among the non-PsA, PsA, and control groups

Features Non-PsA (n = 852) PsA (n = 261) Control (n = 86) P value* P value#

Joint changes

Joint effusion 410 (0.48) 154 (0.59) 22 (0.26) 0.003 \ 0.001

Joint synovial thickening 277 (0.33) 186 (0.71) 9 (0.10) \ 0.001 \ 0.001

Joint PD signals 273 (0.32) 185 (0.71) 9 (0.10) \ 0.001 \ 0.001

Joint osteophytes 119 (0.14) 104 (0.40) 3 (0.03) \ 0.001 0.01

Joint bone erosion 16 (0.02) 76 (0.29) 0 (0.00) \ 0.001 0.40

Entheses changes

Entheses thickening 281 (0.33) 158 (0.61) 26 (0.30) \ 0.001 0.69

Entheses hypoechogenicity 82 (0.10) 75 (0.29) 1 (0.01) \ 0.001 0.02

Entheses PD signals 32 (0.04) 38 (0.15) 0 (0.00) \ 0.001 0.13

Entheses osteophytes 371 (0.44) 183 (0.70) 38 (0.44) \ 0.001 1.00

Entheses calcifications 34 (0.04) 16 (0.06) 4 (0.05) 0.20 0.99

Entheses bone erosion 12 (0.01) 24 (0.09) 0 (0.00) \ 0.001 0.55

Tendon changes

Tendon sheath synovial thickening 27 (0.03) 81 (0.31) 1 (0.01) \ 0.001 0.48

Tendon sheath effusion 71 (0.08) 36 (0.14) 0 (0.00) 0.01 0.01

Bursa changes

Bursa synovial thickening 32 (0.04) 53 (0.20) 5 (0.06) \ 0.001 0.52

Bursa effusion 33 (0.04) 16 (0.06) 0 (0.00) 0.17 0.12

Nail dystrophy 263 (30.87) 97 (37.16) 0 (0.00) 0.06 \ 0.001

Data are presented as n (%)
PD power Doppler
*P value between the non-PsA and PsA groups
#P value between the non-PsA and control groups
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Table 3 Logistic regression model for PsA risk prediction

Variables Odds ratio (95% CI) P value

Hand joint PD signals (MCP and IP)

Grade 0 2.94 (1.94–4.47) \ 0.001

Grade C 1 109.30 (14.35–832.27)

Wrist joint synovial thickening

Grade 1 1.29 (0.69–2.43) 0.001

Grade 2 4.30 (1.92–9.65)

Grade 3 11.05 (1.01–120.64)

Knee joint PD signals

Grade 0 1.01 (0.56–1.80) \ 0.001

Grade C 1 14.77 (3.99–54.69)

Toe joint PD signals (MTP and IP)

Grade 0 1.18 (0.78–1.79) \ 0.001

Grade C 1 5.74 (2.84–11.63)

Quadriceps tendon and patellar tendon enthesitis 1.95 (1.36–2.78) \ 0.001

Achilles tendon and plantar aponeurosis enthesitis 1.63 (1.14–2.32) 0.007

CI Confidence interval, PD power Doppler, MCP metacarpophalangeal joints, IP interphalangeal joints, MTP metatar-
sophalangeal joints

Fig. 2 Nomogram of PsA risk predictive model. PD power Doppler
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2. PD signals were rated as normal, 0 and
greater than or equal to 1, while synovial
thickening was rated as normal, 1, 2, and 3.
The grading standard refers to the above
methodology.

3. Each feature should be matched with its
point.

4. The point of each feature should be
summed up and then the total points are
calculated.

5. Finally, the total points should be matched
with the risk of PsA.

Internal Validation for Prediction Model

To ensure the good discrimination and accuracy
of this model, internal validation was applied.
The calibration curve (Fig. 3) was employed to
assess the predictive power of selected variables
and the scoring system. C-index for the pre-
dictive model was 0.80 (95% CI 0.76–0.83).
After bootstrapping validation (1000 times), the
C-index was confirmed to be 0.79. According to
receiver operating characteristic curve (ROC
curve) (Fig. 4), it can also be proved that our

model has a good prediction effect. The deci-
sion curve analysis (Fig. 5) for the PsA risk
nomogram showed that if the threshold prob-
ability is between 1% and 93%, the PsA risk
nomogram is more beneficial.

External Validation for Prediction Model

To demonstrate the predictive value and gen-
eralizability of the predictive model, we per-
formed external validation. In accordance with
the inclusion and exclusion criteria of this
study, we included 126 patients in the non-PsA
group and 39 patients with PsA who came from
the Department of Dermatology, West China
Hospital, Sichuan University between Decem-
ber 2020 and April 2021 and performed the
same ultrasound examination for them. As a
result, the external validation showed the
C-index for the predictive model was 0.87
(95% CI 0.69–0.95) (Fig. 6). This demonstrated
that the predictive model had a relatively high
accuracy and generalizability.

Fig. 3 Calibration curve
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Fig. 4 Receiver operating characteristic curve

Fig. 5 Decision curve
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DISCUSSION

In this study, we successfully established a
quantitative predictive model comprising six
variables, namely hand joint PD signals (MCP
and IP), wrist joint synovial thickening, knee
joint PD signals, toe joint PD signals (MTP and
IP), quadriceps tendon and patellar tendon
enthesitis, Achilles tendon and plantar
aponeurosis enthesitis. After internal and
external validation, the model showed rela-
tively high predictive value.

Among all the variables included in the
model, hand joint PD signals, which are
indicative of active inflammation [21], had the

greatest contribution to the model. Consistent
with this conclusion, a few previous studies
showed that the inflammation at metacar-
pophalangeal joints and proximal interpha-
langeal joints could be commonly detected in
early PsA by ultrasound [22]; another research
study concluded that patients with psoriasis in
whom hand synovitis was detected had a 55.5%
probability of developing PsA within 1 year [16].
And there is also one study suggesting that
ultrasonic examination of hand joints could
assist clinicians in diagnosing early PsA [23].
Taken together these findings demonstrate that
the inflammation of hand joints is extremely
important for the risk prediction of PsA

Fig. 6 Receiver operating characteristic curve for the external validation set
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progression. This conclusion is consistent with
our clinical observation that patients with PsA
often have disease involving the hand joints.

Furthermore, wrist joint synovial thickening,
knee joint PD signals, toe joint PD signals,
quadriceps tendon and patellar tendon enthe-
sitis, Achilles tendon and plantar aponeurosis
enthesitis also played significant roles in the
model, suggesting that patients with these
changes are more likely to develop PsA. This
conclusion is also supported by numerous pre-
vious studies showing that subclinical synovitis
and enthesitis could predict PsA development
[24–27]. However, none of the previous studies
have given specific screening sites for reference.
Our results, locating the screening sites on MCP
and IP of hands, wrist, knee, MTP and IP of toes,
quadriceps tendon, patellar tendon, Achilles
tendon, and plantar aponeurosis, could be
helpful for clinicians in their busy daily work to
conduct simple and effective screening.

Moreover, in this study, we also concluded
that the most common affected anatomical sites
of patients with PsA were quadriceps tendon,
MTP, Achilles tendon, PIP, and knee, which is
similar to the findings of most previous studies
[28, 29]. When conducting clinical and imaging
examinations for patients with psoriasis, clini-
cians should pay more attention to these
anatomical sites. Additionally, in patients with
psoriasis without clinically confirmed arthritis,
several subclinical ultrasound abnormalities
including joint effusion, joint synovial thick-
ening, joint PD signals, joint osteophytes,
entheses hypoechogenicity, and tendon sheath
effusion were detected, which is consistent with
a number of previous studies showing that
subclinical synovitis and enthesopathy exist in
patients with psoriasis with no musculoskeletal
symptoms and signs [21, 30–33]. In addition, in
this study, we found no statistically significant
difference between the PsA and non-PsA groups
for nail dystrophy. In the past, several studies
suggested that nail dystrophy was associated
with a higher likelihood of PsA [34, 35]. How-
ever, Eder and his colleagues [36] found that
only nail pitting was a strong predictor of PsA
progression, while nail onycholysis was not
associated with the development of PsA. This
suggests that using only nail dystrophy to

predict the development of PsA is inadequate,
and further research in the future is needed to
investigate which subtype of nail dystrophy
could effectively predict the progression of PsA.

To the best of our knowledge, this is the first
predictive model based on ultrasound variables
to identify patients with psoriasis at increased
risk of transition to PsA, which has the advan-
tages of quantification, simplicity, and accuracy
and is suitable for application in clinical prac-
tice. The fact that psoriatic skin lesion is con-
sidered as the most significant biomarker of PsA
places dermatologists at an ideal juncture for
the early recognition of PsA [37]. Therefore, we
recommend that dermatologists perform ultra-
sound screening of patients with psoriasis in
clinical routine, focus on the variables included
in our model, score against the steps for usage of
the nomogram as described above, and finally
get the risk value of transiting to PsA for
patients with psoriasis. For those patients with a
high risk of progression to PsA, dermatologists
should refer them to rheumatology department
as soon as possible so that they could have
access to early and effective management which
might bring them good clinical and imaging
outcomes [5, 38].

Inevitably, this study has a few limitations.
First, it is a cross-sectional study with inherent
defects that we can only infer correlation rather
than causality. Second, a few abnormalities
which might be detected in patients with pso-
riasis, such as peritendinous edema and
dactylitis were not assessed in this study.
Moreover, because axial joints including those
in back and neck areas cannot be properly
imaged by ultrasound, they were not included
in this study. In the future, it is necessary to
explore the axial abnormalities of patients with
PsA by computerized tomography and/or mag-
netic resonance imaging. Third, since the pri-
mary aim of this study was to develop a
predictive model based on ultrasound variables
without incorporating other laboratory param-
eters or clinical manifestations, we cannot draw
a definitive conclusion about which psoriasis
patient population, with what specific clinical
characteristics, requires further ultrasound
screening and would benefit from using this
predictive model. This question needs to be
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explored and validated with another study in
the future. Finally, this model requires multi-
center data for further external validation.

CONCLUSIONS

Our study provides clinicians with an effective
and simple tool for the early screening of
patients with psoriasis at high risk of transiting
to PsA who could get benefit from early referral
and intervention. The model still needs to be
validated and optimized with more cohorts in
the future.
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