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Abstract: Objectives: This study aimed to examine and compare the findings of nail and enthesis ul-
trasonography in patients with psoriasis and psoriatic arthritis. Methods: We identified 154 patients
with psoriatic arthritis and 35 patients with psoriasis who were treated at Chang Gung Memorial Hos-
pital, Taiwan, between September 2018 and January 2019. Results: There were significant differences
in the Nail Psoriasis Severity Index scores and Glasgow Ultrasound Enthesitis Scoring System scores
between patients with psoriasis and those with psoriatic arthritis. B-mode ultrasonography revealed
that onychopathic changes were more common in the psoriasis group. The psoriatic arthritis group
showed a higher proportion of lower-limb enthesopathy, with significant differences in distal patellar
ligament thickness and Achilles tendon thickness. Conclusion: The findings of nail ultrasonography
were more severe in psoriasis cases, and the ultrasonographic findings of enthesopathy of the lower

limb were more severe in cases of psoriatic arthritis.

Keywords: Glasgow Ultrasound Enthesitis Scoring System; nail; psoriasis; psoriatic arthritis;
ultrasonography

1. Introduction

Psoriatic disease is a noncontagious, multisystem autoimmune disease with predomi-
nantly skin and joint involvement [1]. Psoriasis (PsO) manifests with scaly erythematous
plaques usually affecting extensor surfaces of the elbows and knees, and sometimes involves
other parts of the body [2]. Psoriatic arthritis (PsA) is a chronic multifactorial inflammatory
musculoskeletal disease, usually associated with PsO [3]. PsA affects similar diverse organ
systems involving the skin, nails, enthesis, and axial and peripheral joints [4]. Diagnosis of
PsA is difficult due to variable clinical signs. Nevertheless, classification systems such as
the Classification for Psoriatic Arthritis (CASPAR) criteria, and several other screening tools,
can facilitate recognition of this disease. Nail dystrophy, including onycholysis, pitting, and
hyperkeratosis, is included in the CASPAR criteria [5]. Nail involvement is usually present
in psoriatic disease, and the fingernails are more commonly affected than the toenails. In
clinical examinations, high-frequency sonography provides valuable information regarding
structural changes in the nail unit in PsO patients [6]. These morphostructural changes in
PsO and PsA patients include ventral nail plate deposits, increased nail plate thickness,
and irregular or completely fused nail plates [7]. Arbault et al. reported that feasibility and
reliability were satisfactory for ultrasonography (US) of the nail in PsA [8].

In addjition to nail changes, US can accurately detect enthesis involvement, including
thickened tendons, hypoechogenicity, bursitis, and bone erosion [9]. The Glasgow Ultra-
sound Enthesitis Scoring System (GUESS) score is significantly higher in patients with PsO
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than in healthy controls [10,11]. In addition, entheseal involvement has been reported in
asymptomatic patients with PsO, with a high prevalence of subclinical enthesopathy [11].
US may be useful for rheumatologists and dermatologists to identify subclinical PsA based
on identification of enthesopathy in the distal interphalangeal (DIP) joint, quadriceps
tendon, and the distal and proximal patellar ligament.

In our study, we aimed to establish the status of ultrasound as a valuable tool to
evaluate nail changes and enthesopathy in psoriatic patients. This cross-sectional study
revealed clinical characteristics and ultrasonographic differences between PsO and PsA in
the nails and enthesis.

2. Materials and Methods
2.1. Study Design

This single-centre, cross-sectional study was performed between September 2018
and January 2019 at Chang-Gung Memorial Hospital Linkou branch, Taiwan. The study
population consisted of 189 non-consecutive patients comprising 35 with PsO and 154
with PsA (CASPAR criteria) attending the outpatient clinics of the Dermatology and
Rheumatology units at Chang-Gung Memorial Hospital. The exclusion criteria were age
<18 years, mycosis, trauma and/or local corticosteroid injection within the past 6 weeks
at the DIP joints and/or lower-limb entheses. Patients with other causes of hand or leg
enthesopathy were also excluded, for example, rheumatoid arthritis, osteoarthritis, or
crystalline deposition disease. The study was conducted in accordance with the tenets
of the Declaration of Helsinki and local regulations. Ethical approval for the study was
obtained from the Chang-Gung Memorial Hospital Local Ethics Committee, and all patients
provided informed consent.

The following parameters were included: age, sex ratio, disease duration (years),
family history, uveitis, body mass index (BMI), nail PsO, medical treatment including
classical disease-modifying antirheumatic drugs ((DMARDs; methotrexate, sulfasalazine,
leflunomide, cyclosporine), tumour necrosis factor inhibitor (certolizumab, golimumab,
adalimumab, etanercept), interleukin-17 inhibitor (ixekizumab, secukinumab), interleukin-
12 and interleukin-23 inhibitor (ustekinumab), and interleukin-23 inhibitor (guselkumab).

2.2. Ultrasound Assessment

Real-time high-resolution US was performed by an experienced rheumatologist using
a Siemens ACUSON P300™ US system equipped with a variable-frequency transducer
ranging from 6 to 18 MHz (focal range 0.2-3 cm, image field 16 mm), to observe nail
anatomy. The parameters for B-mode US examinations were set to maximise the precision
of detection. The settings for structures were: full nail structure (18 Hz), superior pole of
the patella—quadriceps tendon enthesis (16 Hz), inferior pole of the patella—proximal
patellar ligament enthesis (16 Hz), tibial tuberosity—distal patellar ligament enthesis
(16 Hz), superior pole of the calcaneus—Achilles tendon enthesis (16 Hz), inferior pole of
the calcaneus—plantar aponeurosis enthesis (6 Hz). Definition for abnormal enthesopathy
thickness: quadriceps tendon > 6.1 mm, proximal and distal patellar ligament > 4 mm,
Achilles tendon > 5.29 mm, plantar aponeurosis > 4.4 mm.

The patient was asked to sit with the forearm in a neutral position over a table, and
the nails were scanned in longitudinal and transverse planes. We ensured a sufficient
amount of US gel was applied to avoid alteration of nail thickness caused by transducer
compression. Fingernails were scanned in grayscale mode with an 18 MHz transducer, to
detect morphostructural changes (nail plate thickness, Wortsman'’s classification, nail bed
thickness, hyperechoic spots, nail matrix thickness or loss) [12]. In more detail, nail plate
thickness was determined by measuring the distance between the ventral and dorsal nail
plates, and nail bed thickness defined as the distance from the ventral nail plate to the dorsal
side of the distal phalange 2.5 mm from the proximal nail fold. The following elemental
lesions were evaluated by grayscale US assessment according to the Brown University
Nail Enthesis Scale (BUNES) preliminary definition of onychopathy (0-90): Wortsman'’s
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classification of the nail plate, thickness of the nail bed, hyperechoic spots on the nail bed,
and nail matrix loss [7]. The nail plate, nail bed, and nail matrix thickness were measured
in millimetres.

Abnormally hypoechoic and/or thickened tendons at the bony attachment, and bony
changes including thickness, bursitis, enthesophytes, and erosions, were evaluated by
grayscale US assessment at the quadriceps tendon enthesis, proximal patellar ligament
enthesis, distal patellar ligament enthesis, Achilles tendon enthesis, and plantar aponeurosis
enthesis, according to the GUESS (0-36) preliminary definition of enthesopathy [13].

2.3. Nail Change Assessment

The nail psoriasis severity index (NAPSI) was used for severity grading, which
included parameters of the nail matrix (pitting, leuconychia, red spots in the lunula,
crumbling) and nail bed (onycholysis, splinter haemorrhage, subungual hyperkeratosis,
oil stains).

2.4. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics 25.0 for Windows (IBM,
Armonk, NY, USA). The results were evaluated using descriptive statistics. Linear corre-
lations were represented using Pearson’s correlation coefficient (r). Continuous variables
were expressed as the mean =+ standard deviation depending on the distribution, and
categorical variables were expressed as percentages with the corresponding 95% confidence
interval (95% CI). The independent-samples t-test was applied to compare continuous
variables, which were expressed as frequencies and crosstabs. Pearson’s Chi-square test
was applied to compare categorical variables. Associative US features with the presence of
nail involvement were also calculated using binary logistic regression analysis, adjusted
for other variables. Inferential statistical analysis was conducted at a significance level of
5%, and p < 0.05 was taken to indicate statistical significance.

3. Results
3.1. Patient Characteristics

The study population consisted of a total of 189 patients comprising 154 with PsA and
35 with PsO. The characteristics of the study population are presented in Table 1. Nail PsO
was observed in 158 of the 189 patients (83.6%).

Table 1. Demographic profile of study population and disease-related data for PsO and PsA patients.

Parameters All (n =189) PsA (n =154, 81.5%) PsO (n = 35,18.5%) p Value
Age (years), mean £+ SD 48.3 £ 14.2 49.3 £14.0 435+ 14.6 0.028
Male:female 112:77 90:64 22:13 0.631
Disease duration (years), 12.2 4 10.9 12.96 + 11.14 8.83 + 9.33 0.043
mean + SD
Family history, N (%) 45 (23.8%) 34 (22%) 11 (31.4%) 0.241
Uveitis, N (%) 6 (3.2%) 6 (3.9%) 0 (0%) 0.342
Body mass index (kg/m?), 27.56 + 5.272 27.86 + 5.237 26.24 + 5312 0.136
mean + SD
Nail psoriasis, N (%) 158 (83.6%) 126 (82.9%) 32 (91.4%) 0.318
¢cDMARDs, N % 112 (59%) 97 (63.0%) 15 (42.9%) 0.182
Methotrexate 71 (37.6%) 58 (0.4%) 13 (0.4%) 0.916
Sulfasalazine 50 (26.5%) 49 (31.8%) 1(2.9%) 0.001
Leflunomide 28 (14.8%) 27 (17.5%) 1(2.9%) 0.031
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Table 1. Cont.

Parameters All (n =189) PsA (n =154, 81.5%) PsO (n = 35,18.5%) p Value
Cyclosporine 6 (3.2%) 4 (2.6%) 2 (5.7%) 0.318
b-DMARDs, N% 47 (25%) 43 (27.9%) 4 (11.4%) 0.137
TNFi, N % 24 (12.7%) 23 (14.9%) 1(2.9%) 0.059
Golimumab 2 (1.1%) 2 (1.3%) 0 (0%) 0.506
Adalimumab 16 (8.5%) 16 (10.4%) 0 (0%) 0.050
Etanercept 6 (3.2%) 5 (3.2%) 1(2.9%) 0.934
IL17i, N % 19 (10%) 18 (11.7%) 1(2.9%) 0.312
Ixekizumab 2 (1.1%) 2 (1.3%) 0 (0%) 0.506
Secukinumab 18 (9.5%) 17 (11.0%) 1(2.9%) 0.149
IL12, 23i, N % 6 (3.2%) 4 (2.6%) 2 (5.7%) 0.313
Ustekinumab 6 (3.2%) 4 (2.6%) 2 (5.7%) 0.318
11231, N % 1 (0.5%) 1 (0.6%) 0 (0%) 0.639
Guselkumab 1 (0.5%) 0 (0%) 1 (0.6%) 0.638
NAPSI (pOiSr]‘jtS)' mean =+ 23.8 +23.1 214 +214 339 +£275 0.016

PsO, psoriasis; PsA, psoriatic arthritis; 11, the number of patients; cDMARD, conventional disease-modifying
antirheumatic drugs; bDMARD:s, biological disease-modifying antirheumatic drugs; TNFi, tumor necrosis factor
inhibitor; IL17i, interleukin 17 inhibitor; IL12, 23i, interleukin 12, 23 inhibitor; IL23i, interleukin 23 inhibitor;
GUESS, Glasgow Ultrasound Enthesitis Scoring System; NAPSI, nail psoriasis severity index; BUNES, Brown
University Nail Enthesis Scale; SD, standard deviation.

The PsA and PsO groups showed significant differences in mean age (49.3 £ 14.0
vs. 43.5 + 14.6, respectively; p = 0.028), disease duration (12.96 + 11.14 vs. 8.83 % 9.33;
p = 0.043), GUESS value (3.9 2.6 vs. 2.8 £ 1.8; p = 0.004), and NAPSI value (21.4 +21.4
vs. 33.9 £ 27.5; p = 0.016). The PsA and PsO groups showed a modest linear correlation
between NAPSI and BUNES scores (r = 0.365; p < 0.0001). The rates of administration of
sulfasalazine, leflunomide, and adalimumab were significantly higher in the PsA group
than the PsO group (49 of 154 vs. 1 of 35, respectively; p = 0.001; 27 of 154 vs. 1 of 35;
p =0.031; 16 of 154 vs. 0 of 35; p = 0.050).

3.2. Ultrasonography Findings at Finger Nails

After excluding samples that were not available, 1880 fingernails in the total study
population were evaluated: 1530 from the PsA group and 350 from the PsO group.

According to the morphostructural US (Figure 1A—C), there were no significant dif-
ferences in nail thickness or nail morphometric changes between the PsA and PsO groups
(Table 2). Across the total study population, the nail plate thickness was 0.44 &+ 0.21 mm,
nail bed thickness was 1.78 + 0.53 mm, and nail matrix thickness was 1.96 + 0.47 mm.
Moreover, 783 of 1880 (41.6%) fingernails showed normal morphometry (Wortsman type 0)
and 1097 of 1880 (58.4%) fingernails showed abnormal morphometry (Wortsman types 1-4)
in the nail plate. Furthermore, 1355 of the 1880 fingernails showed thickening of the nail
bed, 30 (1.6%) showed hyperechoic spots, and 1351 (71.9%) showed nail matrix loss.
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Figure 1. Comparison health control with nail psoriasis. (A). Grayscale ultrasonogaphy of the

fingernail in a healthy control. Arrow: trilamellar and convex structure of nail plate with two

hyperechoic lines, ventral and dorsal, separated by a hypoechoic line. Dashed line: the diameter of

the nail bed is thinner in the distal part than the proximal. Asterisk: nail matrix present. (B). Grayscale

ultrasonography of the fingernail in mild psoriatic nail disease. Arrow: interruption of hyperechoic

line and loss of convex structure of nail plate (Wortsmann type II). Dashed line: loss of thinner distal
part of nail bed. Asterisk: nail matrix present. (C). Grayscale ultrasonography of the fingernail in
severe psoriatic nail disease. Arrow: a single and wavy hyperechoic layer losing its normal trilamillar

appearance (Wortsmann type IV). Dashed line: thickening of nail bed. Asterisk: loss of normal nail

matrix structure.

Table 2. Nail morphometry in ultrasounds.

Parameters All PsA (n =154) PsO (n = 35) p Value
BUNES (points), mean + SD 229 £85 22.6 £ 8.6 243 +83 0.292
Nail plate 1097 (58.4%) 853 (55.8%) 244 (69.7%) 0.276
Normal 783 (41.6%) 677 (44.2%) 106 (30.3%) 0.291
Wortsman type 0 783 (41.6%) 677 (44.2%) 106 (30.3%) 0.291
Abnormal 1097 (58.4%) 853 (55.8%) 244 (69.7%) 0.276
Wortsman type 1 206 (11.0%) 166 (10.8%) 40 (11.4%) 0.355
Wortsman type 2 211 (11.2%) 167 (10.9%) 44 (12.6%) 0.414
Wortsman type 3 84 (4.5%) 65 (4.2%) 19 (5.4%) 0.388
Wortsman type 4 595 (31.6%) 455 (29.7%) 141 (40.3%) 0.279
Nail plate thickness, mean + SD 0.44 + 0.21 mm 0.45 £+ 0.21 mm 0.40 £+ 0.25 mm 0.165
Nail bed 1362 (72.4%) 1083 (70.8%) 279 (79.7%) 0.631
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Table 2. Cont.

Parameters All PsA (n =154) PsO (n = 35) p Value
Thickness 1355 (72.1%) 1077 (70.4%) 278 (79.4%) 0.604
Hyperechoic spotting 30 (1.6%) 24 (1.6%) 6 (1.7%) 0.670
Nail bed thickness, mean + SD 1.78 £ 0.53 mm 1.73 £ 0.45 mm 1.98 £+ 0.77 mm 0.072
Nail matrix 1351 (71.9%) 1084 (70.8%) 267 (76.3%) 0.551
Loss 1351 (71.9%) 1084 (70.8%) 267 (76.3%) 0.551
Nail matrix thickness, mean & SD 1.96 & 0.47 mm 1.94 4+ 0.45 mm 2.04 + 0.54 mm 0.270

PsO, psoriasis; PsA, psoriatic arthritis; 7, the number of patients.

The patients with psoriatic disease and clinical fingernail involvement presented
onychopathic signs: pitting, leuconychia, crumbling, onycholysis, splinter haemorrhage,
subungual hyperkeratosis, and oil stains (Supplementary Table S1). Subungual hyper-
keratosis was significantly more common in the PsO group than the PsA group (25.7%
vs. 11.7%, respectively; p = 0.035), while there were no significant differences in the other
subtypes between the two groups.

Binary logistic regression analysis indicated clinical features associated with fingernail
thickness (Supplementary Table S2). In particular, NAPSI (OR = 0.977; CI = 0.959-0.995;
p =0.013) and GUESS (OR = 1.332; CI = 1.046-1.696; p = 0.020) scores were significantly
associated with fingernail thickness, independent of age, sex, and BMI.

3.3. Ultrasonographic Findings at the Lower-Limb Enthesis

Multiple sites of enthesopathy were detected with clinical lower-limb involvement in
PsA and PsO patients, including quadriceps tendon enthesis, proximal patellar ligament
enthesis, distal patellar ligament enthesis, Achilles tendon enthesis, and plantar aponeurosis
enthesis (Table 3). US indicated abnormally hypoechoic lesions, thickened tendons at sites
of bone attachment, and changes in bones. The ligaments of the lower limbs were thicker
in the PsA group than the PsO group, but the differences between the two groups were
not significant, except for distal patellar ligament thickness and Achilles tendon thickness,
which were significantly greater in patients with PsA than in those with PsO (3.7 & 0.7 mm
vs. 3.4 & 0.7 mm, respectively; p = 0.032; 4.8 & 1.0 mm vs. 4.5 & 0.8 mm; p = 0.044) (Table 3).

Table 3. GUESS values and tendon thickness of PsA and PsO patients.

Parameters All (n=189) PsA (n =154) PsO (n = 35) p Value
GUESS (points), mean + SD 37+25 39+26 28+18 0.004
Superior pole of the patella—quadriceps 75 (39.7%) 64 (41.6%) 11 (31.4%) 0.588
tendon enthesis
® Quadriceps tendon thickness > 6.1 mm 61 (32.3%) 53 (34.4%) 8 (22.9%) 0.303
Quadriceps tendon thickness (mm), 54+ 1.0mm 544 1.0 mm 514 1.1mm 0.056
mean + SD
® Suprapatellar bursitis 1 (0.5%) 1 (0.6%) 0 (0%) 0.622
® Superior pole of patella erosion 0 (0%) 0 (0%) 0 (0%) -
® Superior pole of patella enthesophyte 22 (11.6%) 19 (12.3%) 3 (8.6%) 0.159
Inferior pole of the patella—proximal 130 (68.8%) 104 (67.5%) 26 (74.3%) 0.636
patellar ligament enthesis
o Patellar ligament thickness > 4 mm 129 (68.3%) 103 (66.9%) 26 (74.3%) 0.626
Proximal patellar ligament thickness 44+ 09 mm 45+ 0.9 mm 42 + 0.8 mm 0.160
(mm), mean + SD
o Inferior pole of patella erosion 4(2.1%) 4 (2.6%) 0 (0%) 0.320
o Inferior pole of patella erosion 4(2.1%) 4 (2.6%) 0 (0%) 0.320
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Table 3. Cont.
Parameters All (n =189) PsA (n=154) PsO (n = 35) p Value
o Inferior pole of patella enthesophyte 2 (1.1%) 1 (0.6%) 1(2.9%) 0.272
Tibial tuberosﬁy—dlsta'l patellar ligament 94 (49.7%) 82 (53.2%) 12 (34.3%) 0.364
enthesis
o Patellar ligament thickness > 4 mm 72 (38.1%) 63 (40.9%) 9 (25.7%) 0.140
Distal patellar ligament thickness (mm), 3.6 + 0.7 mm 37 4+ 0.7 mm 34407 mm 0.032
mean + SD
o Infrapatellar bursitis 24 (12.7%) 21 (13.6%) 3 (8.6%) 0.438
o Tibial tuberosity erosion 8 (4.2%) 8 (5.2%) 0 (0%) 0.155
o Tibial tuberosity enthesophyte 9 (4.8%) 9 (5.8%) 0 (0%) 0.319
Superior pole of the calcaneus—Achilles 95 (50.3%) 79 (51.3%) 16 (45.7%) 0251
tendon enthesis e = e ’
e Achilles tendon thickness > 5.29 mm 69 (36.5%) 57 (37.0%) 12 (34.3%) 0.251
Achilles tendon thlgll()ness (mm), mean + 48+ 1.0 mm 48+ 1.0 mm 45+ 0.8 mm 0.044
® Retrocalcaneal bursitis 7 (3.7%) 5(3.2%) 2 (5.7%) 0.123
o Posterior pole of calcaneus erosion 10 (5.3%) 10 (6.5%) 0 (0%) 0.278
o Posterior pole of calcaneus o o o
enthesophyte 39 (20.6%) 35 (22.7%) 4(11.4%) 0.145
Inferior pole of the Falcaneu§—p1antar 32 (16.9%) 27 (17.5%) 5 (14.3%) 0381
aponeurosis enthesis
Plantar aponeurosis thickness > 4.4 mm 31 (16.4%) 26 (16.9%) 5 (14.3%) 0.416
o Plantar aponeurosis thickness (mm), 3.5+ 0.7 mm 35+ 0.8 mm 34+ 0.6 mm 0.639
mean + SD
o Inferior pole of calcaneus erosion 1 (0.5%) 1 (0.6%) 0 (0%) 0.622
o Inferior pole of calcaneus enthesophyte 1 (0.5%) 1 (0.6%) 0 (0%) 0.622

PsO, psoriasis; PsA, psoriatic arthritis; 7, number of patients; GUESS, Glasgow Ultrasound Enthesitis Scoring
System; SD, standard deviation.

3.4. Uniform Score Systems under Different Systemic Therapies

Subgroup analysis was carried out to investigate whether treatments impacted pso-
riatic nail change and enthesopathy. We selected three uniform score systems (NAPSI,
BUNES and GUESS) and defined them as six categorical variables (NAPSI > 20, NPASI < 20,
BUNES > 22, BUNES < 22, BUESS > 3, BUNESS < 3). Next, we compared six parameters
in relation to psoriatic disease (PsA, PsO) and three subgroup therapies (only cDMARDs,
only bDMARDs, and combined therapy). Under Pearson’s Chi-square analysis, there were
significant differences between high or low GUESS values and PsO or PsA. (p = 0.030). High
or low GUESS values also showed significant differences for the three systemic therapies
(p = 0.021) (Table 4). Furthermore, for the high or low GUESS parameter, comparisons of
c¢DMARDs versus bDMARDs and bDMARDs versus combined therapy revealed significant
differences (p = 0.012, p = 0.007, respectively).

Table 4. NAPSI, BUNES and GUESS values in patients with psoriatic disease receiving
systemic therapy.

Parameters PSO PSA Value CPMARDs  bDMARDs Combined Value
(n = 35) mn=159 P (n = 94) (n =29) Therapy (n=18) P
High NAPSI (>20) 21 (60%) 72(46.8%) 0157 44 (46.8%) 15 (51.7%) 7 (38.9%) 0.693
Low NAPSI (<20) 14 (40%) 82(532%) 0157 50 (53.2%) 14 (48.3%) 11 (61.1%) 0.693
High BUNES 21 (60%) 74(481%) 0168 51 (54.3%) 16 (55.2%) 7 (38.9%) 0.416

(=22)
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Table 4. Cont.
Parameters PSO PSA Value cDMARDs bDMARDs Combined Value
(n = 35) m=150 P (1 = 94) (1 =29) Therapy (1=18) 7
Low BUNES (<22) 13 (37.1%) 78 (50.6%) 0.168 42 (44.7%) 12 (41.4%) 11 (61.1%) 0416
High GUESS (>3) 12 (34.3%) 82 (53.2%) 0.030 60 (63.8%) 26 (89.7%) 10 (55.6%) 0.021
Low GUESS (<3) 23 (65.7%) 68 (44.2%) 0.030 31 (33.0%) 3 (10.3%) 8 (44.4%) 0.021

PsO, psoriasis; PsA, psoriatic arthritis; , number of patients; cDMARDs, only conventional disease-modifying
antirheumatic drugs; bPDMARDs, only biological disease-modifying antirheumatic drugs; Combined therapy,
¢cDMARDs plus bDMARDs; GUESS, Glasgow Ultrasound Enthesitis Scoring System; NAPSI, nail psoriasis
severity index; BUNES, Brown University Nail Enthesis Scale.

4. Discussion

In this study, we used ultrasonography to quantify the severity of enthesopathy
affecting nails and lower extremities, aiming to reveal correlations between enthesopathy
and subgroups of psoriatic diseases. The prevalence of enthesopathy involvement was
demonstrated under designated ultrasound survey. PsA was associated with a higher
GUESS value, and nail US was not different between PsO and PsA groups.

In our study population, higher proportions of nail plate, nail bed, and nail matrix
abnormalities were seen in patients with PsO than in those with PsA. The mean nail
plate thickness was greater in the PsA group, although the difference was not significant.
Conversely, the mean nail bed and nail matrix thicknesses were greater in the PsO group,
although the differences were not significant (Table 2). However, Naredo et al. reported
that nail bed thickness, nail plate thickness, and B-mode scores were significantly higher in
the nails of patients with PsO than those with PsA [14]. The nail imaging findings in our
study were similar to those of previous studies by Aydin et al. and Idolazzi et al [15,16].
Those studies reported nail involvement in both PsA and PsO, with higher frequencies of
structural and inflammatory changes in both groups compared with healthy controls, but
no significant differences between the PsA and PsO groups [15,16]. The sample size of the
PSO group was small. That may be the reason that that NAPSI value was higher in the
PSO group, but no differences in nail morphometry parameters were found between the
groups. Numerous surveys have shown a remarkably high frequency of clinically occult
musculoskeletal symptoms in psoriasis patients, ultrasound in particular having revealed a
high prevalence of subclinical enthesitis and other inflammatory changes. Strategies must
recognize and incorporate assessment of community-based psoriasis sufferers with only
mild skin disease, as this group is at particular risk of PsA [17].

Among our patients, the GUESS values were significantly higher in the PsA group
than the PsO group. A previous study showed that common sites of enthesitis in PsA
patients included the insertion of the quadriceps tendon into the patellar bone, insertion
of the proximal patellar ligament into the patellar bone, insertion of the distal patellar
ligament into the tibial tuberosity, insertion of the Achilles tendon into the calcaneus
bone, and insertion of the plantar aponeurosis into the calcaneus bone [18]. Three studies
have shown the validity of US for early detection of subclinical enthesopathy in psoriatic
diseases [19-21].

In contrast to lesion thickness, the distal patellar ligament and Achilles tendon were
significantly thicker in PsA than in PsO (Table 3). Moshrif et al. reported that thickening
of the Achilles tendon was the most common sign in patients with enthesitis [22]. In the
ULISSE study, Achilles tendon lesion was found to be significantly higher in PsA than
in PsO [17]. However, this was contrary to the report by Michelsen et al. indicating no
association between clinical and US signs of Achilles enthesitis in PsA [23]. Graceffa et al.
reported that thickness of enthesis at the superior pole of the patella was significantly
increased in PsA, but not in PsO nor healthy controls [24]. Macchioni et al. also reported that
entheseal thickening of the Achilles tendon was significantly greater in PsA than PsO [25].
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However, isolated peripheral enthesitis was not significant in most of our study population,
except in cases of Achilles tendon thickness and distal patellar ligament thickness.

In our study, the rate of clinical nail abnormalities was higher in the PsO group
than the PsA group (32 of 35 (91.4%) vs. 126 of 152 (82.9%), respectively). There were no
significant differences between the two groups, except in nail bed subungual hyperkeratosis
(Supplementary Table S1). Castellanos-Gonzalez et al. and Naredo et al. reported that there
was a significant correlation between target NAPSI value and evidence of enthesopathy [26].
Our observation that GUESS values were significantly higher in patients with PsO than
in healthy controls or those with other dermopathies was consistent with the reports of
Gutierrez et al. and Pistone et al. [11,27]. Both of those studies revealed the ability of US to
detect signs of subclinical enthesopathy, and demonstrating its value in detecting entheseal
changes in psoriatic patients according to GUESS rating.

In the present study, GUESS value was significantly higher in the PsA group than the
PsO group on binary logistic regression analysis (OR = 1.332; CI = 1.046-1.696; p = 0.020)
(Supplementary Table S2). In addition, there was a modest correlation between GUESS and
BUNES scores in the PsA group. Ash et al. reported that enthesopathy and inflammation
scores were higher in PsO patients with nail disease than in those without nail disease, or
in healthy controls [28]. Furthermore, El Miedany et al. also reported that structural joint
damage was significantly associated with onychopathy-defined changes in the trilaminar
appearance of the nails, extensor tendon enthesopathy, or enhanced vascularity in the nail
bed (OR = 2.30, 95% CI = 1.17-3.69) [29]. Those studies supported the suggestion that
clinical evidence of onychopathy may be correlated with enthesopathy in psoriatic patients.
Increased GUESS values and/or entheseal thickness are more common in patients with
PsA than in those with PsO.

This study had some limitations. First, we did not investigate intraobserver reliability
of US features. Second, there was a marked difference in the numbers of patients with PsA
(n = 154) and those with PsO (n = 35). Third, we could not discriminate the directionality of
the association between nail thickening and skin manifestations of psoriatic disease. Fourth,
the sonographer was not blinded to the presence of enthesopathy and nail involvement.
Furthermore, the longer duration of PsA might be a suspicious confounding factor in
GUESS analysis. We had no data about the subgroups of PsA, the severity of PsA, nor the
severity of PsO. Finally, treatment plans and disease activity, including remission, might be
important confounding factors.

5. Conclusions

In conclusion, US was valuable for evaluating nail changes and enthesopathy in PsO.
We found several quantitative parameters that may be useful in US assessment of psoriatic
nails and the entheseal complex. Further US studies of nail and entheseal involvement in
psoriatic diseases are required for application in clinical practice.
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//www.mdpi.com/article/10.3390/jcm11216296/s1. Table S1: Subtypes ofnail psoriasis; Table S2:
Independent predictors of fingernail thickness in patients with PsA and PsO.

Author Contributions: Conceptualization, Y.-J.H. and Y.-H.H.; methodology, C.-H.L.; software, Y.-
S.H.; validation, C.-H.L., C.-EK. and Y.-].H.; formal analysis, Y.-S.H.; investigation, C.-H.L. and Y.-].H.;
resources, Y.-J.H.; data curation, Y.-5.H.; writing—original draft preparation, Y.-S.H.; writing—review
and editing, Y.-].H.; visualization, Y.-5.H.; supervision, C.-EK.; project administration, Y.-J].H.; funding
acquisition, C.-EK. All authors have read and agreed to the published version of the manuscript.

Funding: This work was partly funded by Grant CLRPG3H0014 at Chang Gung Memorial Hospital, Taiwan

Institutional Review Board Statement: The study was conducted in accordance with the tenets of
the Declaration of Helsinki and local regulations. Ethical approval for the study was obtained from
the Chang-Gung Memorial Hospital Local Ethics Committee.

Informed Consent Statement: All patients provided informed consent.


https://www.mdpi.com/article/10.3390/jcm11216296/s1
https://www.mdpi.com/article/10.3390/jcm11216296/s1

J. Clin. Med. 2022, 11, 6296 10 of 11

Data Availability Statement: Restrictions apply to the availability of these data. Data was obtained
from Chang Gung Memorial Hospital and are available from the authors with the permission of
Chang Gung Memorial Hospital.

Acknowledgments: The authors would like to acknowledge the support of the Division of Rheuma-
tology, Allergy and Immunology, Chang Gung Memorial Hospital, Taoyuan, Taiwan.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Kim, W.B,; Jerome, D.; Yeung, J. Diagnosis and management of psoriasis. Can. Fam. Physician 2017, 63, 278-285. [PubMed]

2. Zlatkovic-Svenda, M.; Kerimovic-Morina, D.; Stojanovic, R.M. Psoriatic arthritis classification criteria: Moll and Wright, ESSG
and CASPAR—A comparative study. Acta Reumatol. Port. 2013, 38, 172-178. [PubMed]

3.  Gladman, D.D. Psoriatic arthritis. Dermatol. Ther. 2004, 17, 350-363. [CrossRef] [PubMed]

4. Ritchlin, C.T.; Colbert, R.A.; Gladman, D.D. Psoriatic Arthritis. N. Engl. J. Med. 2017, 376, 957-970. [CrossRef]

5. Taylor, W,; Gladman, D.; Helliwell, P.; Marchesoni, A.; Mease, P.; Mielants, H. Classification criteria for psoriatic arthritis:
Development of new criteria from a large international study. Arthritis Rheum. 2006, 54, 2665-2673. [CrossRef]

6.  Marina, M.E.; Solomon, C.; Bolboaca, S.D.; Bocsa, C.; Mihu, C.M,; Tataru, A.D. High-frequency sonography in the evaluation of
nail psoriasis. Med. Ultrason. 2016, 18, 312-317. [CrossRef]

7. Cunha, J.S.; Qureshi, A.A.; Reginato, A.M. Nail Enthesis Ultrasound in Psoriasis and Psoriatic Arthritis: A Report from the 2016
GRAPPA Annual Meeting. J. Rheumatol. 2017, 44, 688-690. [CrossRef]

8. Arbault, A,; Devilliers, H.; Laroche, D.; Cayot, A.; Vabres, P.; Maillefert, ].E; Ornetti, P. Reliability, validity and feasibility of nail
ultrasonography in psoriatic arthritis. Jt. Bone Spine 2016, 83, 539-544. [CrossRef]

9.  Grassi, W.; Gutierrez, M. Psoriatic arthritis: Need for ultrasound in everyday clinical practice. ]. Rheumatol. Suppl. 2012, 89, 39-43.
[CrossRef]

10. Gisondi, P; Tinazzi, I.; El-Dalati, G.; Gallo, M.; Biasi, D.; Barbara, L.M.; Girolomoni, G. Lower limb enthesopathy in patients with
psoriasis without clinical signs of arthropathy: A hospital-based case-control study. Ann. Rheum. Dis. 2008, 67, 26-30. [CrossRef]

11. Gutierrez, M.; Filippucci, E.; De Angelis, R.; Salaffi, F; Filosa, G.; Ruta, S.; Bertolazzi, C.; Grassi, W. Subclinical entheseal
involvement in patients with psoriasis: An ultrasound study. Semin. Arthritis Rheum. 2011, 40, 407-412. [CrossRef] [PubMed]

12. Wortsman, X.; Jemec, G.B. Ultrasound imaging of nails. Dermatol. Clin. 2006, 24, 323-328. [CrossRef]

13. Balint, P.V.; Kane, D.; Wilson, H.; McInnes, I.B.; Sturrock, R.D. Ultrasonography of entheseal insertions in the lower limb in
spondyloarthropathy. Ann. Rheum. Dis. 2002, 61, 905-910. [CrossRef] [PubMed]

14. Naredo, E.; Janta, I.; Baniandrés-Rodriguez, O.; Valor, L.; Hinojosa, M.; Bello, N.; Serrano, B.; Garrido, J. To what extend is nail
ultrasound discriminative between psoriasis, psoriatic arthritis and healthy subjects? Rheumatol. Int. 2019, 39, 697-705. [CrossRef]
[PubMed]

15. Aydin, S.Z.; Castillo-Gallego, C.; Ash, Z.R.; Marzo-Ortega, H.; Emery, P.; Wakefield, R.J.; Wittmann, M.; McGonagle, D.
Ultrasonographic assessment of nail in psoriatic disease shows a link between onychopathy and distal interphalangeal joint
extensor tendon enthesopathy. Dermatology 2012, 225, 231-235. [CrossRef]

16. Idolazzi, L.; Gisondi, P; Fassio, A.; Viapiana, O.; Giollo, A.; Rossini, M.; Girolomoni, G.; Gatti, D. Ultrasonography of the nail unit
reveals quantitative and qualitative alterations in patients with psoriasis and psoriatic arthritis. Med. Ultrason. 2018, 20, 177-184.
[CrossRef]

17. Savage, L.; Tinazzi, I.; Zabotti, A.; Laws, PM.; Wittmann, M.; McGonagle, D. Defining Pre-Clinical Psoriatic Arthritis in an
Integrated Dermato-Rheumatology Environment. J. Clin. Med. 2020, 9, 3262. [CrossRef]

18. Raposo, I; Torres, T. Nail psoriasis as a predictor of the development of psoriatic arthritis. Actas Dermo-Sifiliogr. 2015, 106, 452—457.
[CrossRef]

19. Galluzzo, E.; Lischi, D.M.; Taglione, E.; Lombardini, F.; Pasero, G.; Perri, G.; Riente, L. Sonographic analysis of the ankle in
patients with psoriatic arthritis. Scand. J. Rheumatol. 2000, 29, 52-55.

20. De Filippis, L.G.; Caliri, A.; Lo Gullo, R; Bartolone, S.; Miceli, G.; Cannavo, S.P; Borgia, F,; Basile, G.; Aloisi, G.; Zimbaro, G.; et al.
Ultrasonography in the early diagnosis of psoriasis-associated enthesopathy. Int. J. Tissue React. 2005, 27, 159-162.

21. Hussein, S.; Elhefny, A.; Abdurrahman, M.; Aziz, N. Early detection of subclinical lower limb enthesopathy by ultrasonography
in patients with psoriasis: Relation to disease severity. Egypt. Rheumatol. 2021, 43, 153-157. [CrossRef]

22. Moshrif, A.; Mosallam, A.; Mohamed, E.E.; Gouda, W.; Doma, M. Subclinical enthesopathy in patients with psoriasis and its
association with other disease parameters: A power Doppler ultrasonographic study. Eur. ]. Rheumatol. 2017, 4, 24-28. [CrossRef]
[PubMed]

23.  Michelsen, B.; Diamantopoulos, A.P,; Soldal, D.M.; Hammer, H.B.; Kavanaugh, A.; Haugeberg, G. Achilles enthesitis defined by
ultrasound is not associated with clinical enthesitis in patients with psoriatic arthritis. RMD Open 2017, 3, e000486. [CrossRef]
[PubMed]

24. Graceffa, D.; Bonifati, C.; Lora, V.; Saraceni, P.L.; De Felice, C.; Chimenti, M.S.; Perricone, R.; Morrone, A. Ultrasound assessment

of enthesis thickness in psoriasis and psoriatic arthritis: A cross-sectional study. Indian J. Dermatol. Venereol. Leprol. 2019, 85,
175-181.


http://www.ncbi.nlm.nih.gov/pubmed/28404701
http://www.ncbi.nlm.nih.gov/pubmed/24149013
http://doi.org/10.1111/j.1396-0296.2004.04038.x
http://www.ncbi.nlm.nih.gov/pubmed/15379770
http://doi.org/10.1056/NEJMra1505557
http://doi.org/10.1002/art.21972
http://doi.org/10.11152/mu.2013.2066.183.hgh
http://doi.org/10.3899/jrheum.170146
http://doi.org/10.1016/j.jbspin.2015.11.004
http://doi.org/10.3899/jrheum.120241
http://doi.org/10.1136/ard.2007.075101
http://doi.org/10.1016/j.semarthrit.2010.05.009
http://www.ncbi.nlm.nih.gov/pubmed/20688358
http://doi.org/10.1016/j.det.2006.03.014
http://doi.org/10.1136/ard.61.10.905
http://www.ncbi.nlm.nih.gov/pubmed/12228161
http://doi.org/10.1007/s00296-018-4222-y
http://www.ncbi.nlm.nih.gov/pubmed/30535654
http://doi.org/10.1159/000343607
http://doi.org/10.11152/mu-1327
http://doi.org/10.3390/jcm9103262
http://doi.org/10.1016/j.ad.2015.02.005
http://doi.org/10.1016/j.ejr.2021.01.004
http://doi.org/10.5152/eurjrheum.2017.16049
http://www.ncbi.nlm.nih.gov/pubmed/28293449
http://doi.org/10.1136/rmdopen-2017-000486
http://www.ncbi.nlm.nih.gov/pubmed/28879054

J. Clin. Med. 2022, 11, 6296 11 of 11

25.

26.

27.

28.

29.

Macchioni, P; Salvarani, C.; Possemato, N.; Gutierrez, M.; Grassi, W.; Gasparini, S.; Perricone, C.; Perrotta, EM.; Grembiale, R.D;
Bruno, C.; et al. Ultrasonographic and Clinical Assessment of Peripheral Enthesitis in Patients with Psoriatic Arthritis, Psoriasis,
and Fibromyalgia Syndrome: The ULISSE Study. |. Rheumatol. 2019, 46, 904-911. [CrossRef]

Castellanos-Gonzalez, M.; Joven, B.E.; Sanchez, J.; Andrés-Esteban, E.M.; Vanaclocha-Sebastian, F.; Romero, P.O.; Diaz, R.R. Nail
involvement can predict enthesopathy in patients with psoriasis. . Dtsch. Dermatol. Ges. 2016, 14, 1102-1107. [CrossRef]
Pistone, G.; La Vecchia, M.; Pistone, A.; Bongiorno, M.R. Achilles tendon ultrasonography may detect early features of psoriatic
arthropathy in patients with cutaneous psoriasis. Br. J. Dermatol. 2014, 171, 1220-1222. [CrossRef]

Ash, Z.R; Tinazzi, I.; Gallego, C.C.; Kwok, C.; Wilson, C.; Goodfield, M.; Gisondi, P.,; Tan, A.L.; Marzo-Ortega, H.; Emery, P; et al.
Psoriasis patients with nail disease have a greater magnitude of underlying systemic subclinical enthesopathy than those with
normal nails. Ann. Rheum. Dis. 2012, 71, 553-556. [CrossRef]

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. 2015, 34, 307-313. [CrossRef]


http://doi.org/10.3899/jrheum.171411
http://doi.org/10.1111/ddg.12989
http://doi.org/10.1111/bjd.13135
http://doi.org/10.1136/annrheumdis-2011-200478
http://doi.org/10.1007/s10067-014-2630-2

	Introduction 
	Materials and Methods 
	Study Design 
	Ultrasound Assessment 
	Nail Change Assessment 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Ultrasonography Findings at Finger Nails 
	Ultrasonographic Findings at the Lower-Limb Enthesis 
	Uniform Score Systems under Different Systemic Therapies 

	Discussion 
	Conclusions 
	References

