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Power Doppler Ultrasound Evaluation of Peripheral
Joint, Entheses, Tendon, and Bursa Abnormalities in
Psoriatic Patients: A Clinical Study
Yuanjiao Tang, Yujia Yang, Xi Xiang, Liyun Wang, Lingyan Zhang, and Li Qiu

ABSTRACT.   Objective. To evaluate the prevalence rates of peripheral joint, enthesis, tendon, and bursa abnormal-
ities by power Doppler (PD) ultrasonic examination in patients with psoriatic arthritis (PsA), psoriatic
patients without clinical signs of arthritis (non-PsA psoriasis group), and healthy individuals, to detect
subclinical PsA.

                        Methods. A total of 253 healthy volunteers, 242 non-PsA psoriatic patients, and 86 patients with PsA
were assessed by 2-dimensional and power Doppler (PD) ultrasound. Peripheral joint, enthesis,
tendon, and bursa abnormalities were observed, characterizing abnormal PD. The affected patients
and sites with abnormalities in various ages were compared among groups; PD signal grades for the
abnormalities were also compared. 

                        Results. In the PsA group, significantly higher percentages of sites showing joint effusion/synovitis,
enthesitis, and tenosynovitis in all age groups, and markedly higher rates of sites with bursitis were
found in young and middle age groups, compared with the non-PsA and control groups (all p < 0.01).
Meanwhile, the non-PsA group showed significantly higher rates of joint effusion/synovitis and enthe-
sitis sites, and elevated PD signal grades of synovitis, enthesitis, and tenosynovitis in comparison
with the control group, both in young and middle age groups (all p < 0.01). 

                        Conclusion. Patients with PsA have high percentages and PD signal grades of peripheral joint, tendon,
enthesis, and bursa involvement. Young and middle-aged non-PsA patients have high synovitis and
enthesitis percentages, and elevated PD signal grades of synovitis, enthesitis, and tenosynovitis.
(First Release April 15 2018; J Rheumatol 2018;45:811–17; doi:10.3899/jrheum.170765)

                        Key Indexing Terms:
                        POWER DOPPLER ULTRASOUND                                            PERIPHERAL ABNORMALITIES 
                                                                                      PSORIATIC PATIENTS

From the Department of Ultrasound, West China Hospital of Sichuan
University, Chengdu, Sichuan, China. 
Supported by grants from the National Natural Science Foundation of
China (81671696 and 51703141), the Sichuan Science and Technology
Plan (2015 SZ0125), and the Chengdu Science and Technology Plan
(2014-HM01-00176-SF).
Y. Tang, MM, Department of Ultrasound, West China Hospital of Sichuan
University; Y. Yang, BS, Department of Ultrasound, West China Hospital
of Sichuan University; X. Xiang, BS, Department of Ultrasound, West
China Hospital of Sichuan University; L. Wang, BS, Department of
Ultrasound, West China Hospital of Sichuan University; L. Zhang, 
MM, Department of Ultrasound, West China Hospital of Sichuan
University; L. Qiu, MD, Department of Ultrasound, West China Hospital
of Sichuan University. 
Address correspondence to Dr. L. Qiu, Department of Ultrasound, West
China Hospital of Sichuan University, No. 37 Guo Xue Xiang, Chengdu
610041, Sichuan, China. E-mail: wsqiuli@126.com
Accepted for publication November 29, 2017.

Psoriatic arthritis (PsA) is a chronic inflammatory joint
disease associated with psoriasis. In addition to skin and nail
involvement, the clinical manifestations of PsA include
dactylitis, spondylitis, and peripheral abnormalities such as
synovitis, enthesitis, tenosynovitis, bursitis, and bone
erosions1. PsA is deforming and destructive in 40–60% of

patients with consequent functional impairment, decreased
quality of life, psychosocial disability, and increased risk of
death2,3. About 10% of patients with psoriasis develop PsA
over a decade4. Therefore, it is essential to identify psoriatic
patients prone to developing PsA, to ensure more aggressive
treatments and prevent irreversible joint damage.
    Previous studies have revealed a high frequency of
peripheral abnormalities in psoriatic patients without muscu-
loskeletal symptoms5,6,7,8,9. Subclinical changes in joints,
entheses, and tendons may occur before the onset of PsA, and
likely occur in a large proportion of psoriatic patients10.
Previous findings indicate that synovitis and enthesitis are
more frequent in psoriatic patients with no musculoskeletal
diseases compared with healthy subjects. Therefore, these
manifestations may be early signs of PsA4,11,12. Meanwhile,
subclinical inflammatory lesions are highly prevalent in
patients with cutaneous psoriasis13. According to previous
studies, changes in joints, entheses, and tendons are affected
by age and body mass index (BMI). With increasing age or
BMI, peripheral abnormalities (e.g., enthesitis) are more
common in normal asymptomatic subjects or patients with
psoriasis4,8,14. Moshrif, et al8 found statistically significant

 www.jrheum.orgDownloaded on March 20, 2024 from 

http://www.jrheum.org/


positive associations of enthesitis occurrence with patient age
and BMI. In addition, Milella, et al15 indicated that entheseal
morphology primarily reflects the age of an individual.
Further, Andrade and Barbosa-Branco16 showed that preva-
lence and duration of work disability as a result of synovitis
and tenosynovitis are associated with the age factor. In enthe-
sitis, other confounding factors such as higher mechanical
stress could also affect entheseal changes. The synovio-
entheseal complex (SEC) is a very specialized region in some
entheseal organs with fibrocartilage lining the enthesis. It
provides oxygen and nutrients for the fibrocartilage and
removes waste products, maintaining the normal function of
the whole entheseal organ. The inflammatory microenvi-
ronment of the SEC is called enthesitis. Fibrocartilages are
often located inside the joints or intraarticular areas, partly
forming structures called the bursa, which is lined by the
synovium. A problem arising in fibrocartilages could cause
inflammation in the adjacent synovium, a phenomenon
referred to as bursitis. Patients with PsA seek medical
attention with joint swelling that is sometimes a result of
primary abnormalities of the SEC.
    Ultrasound (US) is considered a more reliable and
sensitive technique to assess both disease activity and damage
in inflammatory arthritis, including PsA, compared with
physical examination17,18,19. This imaging technique is
proven to be a powerful diagnostic tool in the detection and
measurement of synovial inflammation, as well as enthesitis,
tenosynovitis, and bursitis evaluation in PsA. US results are
comparable to those of magnetic resonance imaging (MRI),
except for bone marrow edema detection. Reproducibility
and low cost of US provide advantages over MRI for PsA
detection20,21,22,23. With power Doppler (PD), US enables
very sensitive visualization of blood flow at the synovium,
entheses, tendon, and bursa levels, and evaluates the inflam-
matory activity. According to Zabotti, et al19, further research
is required for the use of US in the management of psoriatic
disease. 
    The main aim of our present study was to determine the
prevalence rates of peripheral joint, entheses, tendon, and
bursa abnormalities by means of PDUS examination in
patients with PsA, psoriatic patients without the clinical signs
of arthritis (non-PsA psoriasis group), and healthy individuals
of different age groups, to identify patients with subclinical
PsA requiring more attention and to prevent PsA.

MATERIALS AND METHODS
Patient population. This cross-sectional study comprised 581 psoriatic
patients and healthy volunteers aged ≥ 18 years. They included 242 psoriatic
patients without clinical signs of arthritis (non-PsA group), 86 patients with
PsA (PsA group) from the Ultrasound Department, and 253 healthy volun-
teers (control group) from the physical examination center at West China
Hospital, Sichuan University, from January 2014 to June 2016. All partici-
pants were randomly selected. The study was approved by the ethics
committee of West China Hospital, Sichuan University (approval number:
ChiCTR-DCD-15006851). All subjects provided informed consent for scien-
tific evaluation of their imaging data at the time of examination. 

      The inclusion criterion for the non-PsA group was psoriasis diagnosed
pathologically based on skin biopsy by a dermatologist. Exclusion criteria
were the following: (1) pregnant women; (2) a recent history of trauma; (3)
engagement in heavy manual work; (4) PsA diagnosis or a history of other
forms of arthritis; and (5) current or recent (≤ 3 mos) systemic treatment for
psoriasis. For the PsA group, inclusion criterion was compliance with
Classification Criteria for Psoriasis Arthritis diagnostic criteria. Exclusion
criteria were the following: (1) pregnancy; (2) recent history of trauma; (3)
engagement in heavy manual work; (4) a history of any other form of
arthritis; and (5) current or recent (≤ 3 months) systemic treatment for
psoriasis. For the control group, exclusion criteria were as follows: (1)
pregnant women; (2) a recent history of trauma; (3) engagement in heavy
manual work; and (4) a current or previous history of any dermal disease or
any form of arthritis. 
      Based on age, the subjects were divided into 3 groups: youth (18–44
yrs), middle-aged (45-59 yrs), and elderly (≥ 60 yrs) groups.
US examination. The joints, entheses, tendons, and bursae of 10 psoriatic
patients were evaluated by 2 radiologists, and joint effusion/synovitis-,
enthesitis-, tenosynovitis-, and bursitis-related changes in 2-dimensional and
PDUS were observed. Two-dimensional PDUS (Philips IU22) was used to
assess peripheral joints, entheses, tendons, and bursae in each subject. Probe
frequency was set at 3–9 MHz for hip evaluation, and at 5–12 MHz to
examine other peripheral joints and the musculoskeletal condition selected.
Gain was set at maximum sensitivity without noise signals. The joints
scanned included the shoulders, elbows, wrists, hips, knees, ankles, metacar-
pophalangeal and interphalangeal joints of the fingers, and metatarsopha-
langeal and interphalangeal joints of the toes (a total of 78 joints per patient).
The entheses scanned included common flexor and extensor entheses of
hands, quadriceps, proximal and distal patellar, Achilles, and plantar aponeu-
rosis entheses (a total of 14 per patient). The tendons scanned included the
long heads of biceps brachii, flexor and extensor tendons of hands and feet,
anterior tibial muscle, tibialis posterior, and peroneal tendon sheaths (a total
of 42 per individual). The bursae scanned included the retrocalcaneal,
subacromial-subdeltoid, and trochanteric bursae (a total of 6 per individual).
All joints and bursae underwent scanning from the front, rear, inner, and
outer sides. All entheses and tendons underwent transverse and longitudinal
complete scanning. Joint effusion/synovitis, enthesitis, tenosynovitis, and
bursitis were observed. PDUS was used to detect blood supply in these
abnormalities. 
      The patients were diagnosed by the following US findings: (1) joint
effusion was reflected by an echoless zone in the joint cavity, with no blood
flow signal; (2) synovitis was detected by a hypoechoic signal in the joint
capsule and no thinning under pressure, with or without visible points of
linear flow signals within the synovium (Figure 1A); (3) enthesitis was
identified according to the Outcome Measures in Rheumatology clinical
trials definition24 [i.e., abnormal hypoechogenicity or loss of normal fibrillar
architecture, thickened tendon at the bone attachment (may occasionally
contain hyperechogenicity foci consistent with calcification)], in 2 perpen-
dicular planes, with possible bony changes, including enthesophytes,
erosions, or irregularity, and the presence of only 1 of the above features
with or without Doppler signal was defined as enthesitis (Figure 1C); (4)
tenosynovitis was reflected by hypoechoic or anechoic thickened tissues
with or without fluid within the tendon sheath, in 2 perpendicular planes
with possible Doppler signals (Figure 1E); and (5) bursitis was diagnosed
by a widening echoless zone or synovial thickening area at the site of an
anatomical bursa. 
      Semiquantitative findings of PDUS activity for synovitis, tenosynovitis,
and bursitis were scored as follows: Grade 0 (no intraarticular color signal),
grade 1 (≤ 3 color signals representing only low flow), grade 2 (< 50% of
the intraarticular area filled with color signals representing clear flow), grade
3 (> 50% of the intraarticular area filled with color signals25; Figure 1B and
Figure 1F). PDUS activity for enthesitis was graded as follows: no flow
signal (grade 0) and flow signal (grade 1; Figure 1D). 
      US scan was performed by 2 radiologists with 7 and 10 years’ experience
in musculoskeletal US imaging. The scanning time was about 30 to 60 min
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per individual, depending on peripheral abnormalities. The imaging experts
were blinded to patient data; all patients and healthy subjects underwent US
in a random order and were instructed not to communicate with the sono-
grapher about their disease during the US assessment. Before the study, the
investigators reached a consensus on the US scanning technique to adopt
and data interpretation. A diagnosis consistency test was conducted, and a κ
value of 0.85 was obtained. 
Statistical analysis. The SPSS 19.0 (SPSS Inc.) software was used for data
analysis, with p < 0.05 considered statistically significant. Measurement data
were compared by 1-way ANOVA or sample t test. Enumeration data were

compared by Pearson chi-square test or Fisher’s exact test, with a Bonferroni
correction. Ranked data were assessed by the Kruskal-Wallis H test or
Mann-Whitney U test, also with a Bonferroni correction.

RESULTS
Patient characteristics. Our current study included 581
patients and healthy volunteers aged ≥ 18 years. Based on
age, the participants were divided into 3 groups: non-PsA,
PsA, and control groups. The main characteristics of the
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Figure 1. Two-dimensional and PD ultrasonic appearances of synovitis, enthesitis, tenosynovitis, and bursitis. A. Synovitis in a left
metatarsophalangeal joint in a non-PsA psoriatic patient. Arrows indicate the thickened synovium. B. Synovitis in a right wrist in a
PsA patient with PD grade 3. Arrows indicate the thickened synovium and its rich blood flow. C. Enthesitis in a left femoral quadriceps
tendon in a non-PsA psoriatic patient. Arrows indicate the hypoechogenicity of the thickened tendon at the bone attachments, which
contain hyperechogenicity foci. D. Enthesitis in a right patella ligament in a PsA patient with PD grade 1. Arrows indicate the hypo-
echogenicity of the thickened ligament at the distal bone attachments, which exhibit rich Doppler signal. E. Tenosynovitis in an
extensor tendon of the left hand in a patient with PsA. Arrows indicate the hypoechoic thickened tissue within the tendon sheath. 
F. Tenosynovitis in a flexor tendon of the right hand in a PsA patient with PD grade 2. Arrows indicate the hypoecho at peritendon,
which exhibits a rich Doppler signal. PD: power Doppler; PsA: psoriatic arthritis. 
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study patients are shown in Table 1. Age, sex distribution, and
body mass index (BMI) among groups showed no significant
differences. The duration of psoriasis was significantly longer
in patients with PsA compared with the non-PsA group 
(p < 0.05).
Comparison of affected patients with joint effusion/synovitis
among various age groups. A significantly higher percentage
of patients with PsA showed joint effusion/synovitis
compared with non-PsA patients and healthy controls, in
young and middle-aged groups (all p < 0.01). In addition, a
higher percentage of non-PsA patients showed joint
effusion/synovitis compared with healthy controls in the
middle-aged group (p < 0.01). However, there were no signifi-
cant differences in joint effusion/synovitis in elderly patients
of different groups (Table 2).
Comparisons of affected sites among patients with joint
effusion/synovitis in various age groups. In the PsA group, a
significantly higher percentage of sites with joint
effusion/synovitis was observed, compared with the non-PsA
and control groups for all age groups (all p < 0.01). In
addition, significantly higher percentages of sites in the
non-PsA group showed abnormalities compared with control
patients, both in the young and middle-aged groups (both 
p < 0.01; Table 2).
Comparisons of PD signal grades of synovitis among patients
with joint effusion/synovitis in various age groups.
Significantly higher PD signal grades of synovitis in the PsA

group were found, compared with the control and non-PsA
groups, for all age groups (all p < 0.01). Meanwhile, PD
signal grades of synovitis in the non-PsA group were signifi-
cantly higher than those of control patients, in the young and
middle-aged groups (both p < 0.01; Table 2).
Comparison of affected patients with enthesitis among
various age groups. A significantly higher percentage of
patients with PsA had enthesitis compared with non-PsA
patients and healthy controls for the young age groups 
(p < 0.01). Meanwhile, there were no significant differences
in enthesitis among the groups, both for the middle-aged and
elderly groups. In the elderly individuals, enthesitis had high
incidence rates in all 3 study groups (Table 3).
Comparisons of affected sites among patients with enthesitis
in various age groups. In the PsA group, there were signifi-
cantly higher percentages of sites showing enthesitis
compared with the non-PsA and control groups in all age
groups (all p < 0.01). In addition, the non-PsA group showed
a significantly higher percentage of sites with enthesitis
compared with control patients, both for the young and
middle-aged groups (both p < 0.01; Table 3).
Comparisons of PD signal grades of enthesitis among
various age groups. Compared with the non-PsA and control
groups, the patients with PsA showed significantly higher
percentages of PD signal grades of enthesitis for all ages (all
p < 0.01). Meanwhile, the PD signal grades of enthesitis in
the non-PsA group were significantly higher than those of
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Table 1. Patient characteristics based on age. Values are mean ± SD unless otherwise specified.

Variables                            Youth, 18–44 Yrs                                            Middle-aged, 45–59 Yrs                                         Elderly, ≥ 60 Yrs
                                 Control         Non-PsA              PsA               p             Control         Non-PsA             PsA                 p               Control            Non-PsA              PsA                p

No. patients                 141                 135                    48                –                73                   70                    25                  –                  39                      37                     13                 –
Age, yrs                32.22 ± 7.12   31.64 ± 7.39    33.71 ± 6.43    > 0.05    51.26 ± 4.63   49.73 ± 3.96    50.24 ± 4.74     > 0.05      63.41 ± 3.76      67.06 ± 6.51     70.31 ± 7.25    > 0.05
Male, %                     66.67              62.96                60.41         > 0.05          65.75              67.14               68.00           > 0.05            48.72                 44.73                42.85          > 0.05
BMI, kg/m2             22.76 ± 3.05   22.20 ± 2.73    22.29 ± 2.72    > 0.05    23.55 ± 2.83   23.94 ± 2.61    23.27 ± 3.57     > 0.05      23.07 ± 2.87      23.06 ± 3.38     23.45 ± 2.90    > 0.05
Psoriasis duration, 

yrs, range                   –               0.12–20            0.25–23           –                 –                0.2–40             0.5–38              –                   –                   0.5–50               4–50               –
Psoriasis duration, 

yrs                              –             6.86 ± 5.52      8.94 ± 5.89     < 0.05             –            10.62 ± 9.11    14.98 ± 9.05      < 0.05               –              13.95 ± 13.33   20.31 ± 14.78    < 0.05

PsA: psoriatic arthritis; BMI: body mass index.

Table 2. Comparisons of joint effusion/synovitis among groups, based on age. Values are n (%) unless otherwise specified.
Variables                                                  Youth, 18–44 Yrs                                    Middle-aged, 45–59 Yrs                                   Elderly, ≥ 60 Yrs
                                           Control                Non-PsA                PsA            Control         Non-PsA             PsA             Control        Non-PsA              PsA

Affected patients              70 (49.65)            59 (43.70)         44 (91.60)*   37 (50.68)     51 (72.86)#       24 (96.00)*     25 (64.10)     25 (67.57)        12 (92.31)
Affected sites                   123 (1.12)            166 (1.58)#           265 (7.08)*   103 (1.81)     144 (2.64)#       189 (9.69)*      59 (1.94)       82 (2.84)         78 (7.69)*
PD signal grades, n                                                                                                                                                                                                                  

0                                        91                        85#                          120*               84                 95#                       101*                 49                  67                    44*
1                                        30                         43                       64                 15                  27                    51                    9                   13                     24
2                                         2                          27                       54                  4                   13                    22                    1                    2                      10
3                                         0                          11                       27                  0                    9                     15                    0                    0                       0

* p < 0.01 versus control and non-PsA groups. #p < 0.01 versus control group. PsA: psoriatic arthritis; PD: power Doppler.
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control patients, in the young and middle-aged groups (both
p < 0.01). Of note, none of the controls showed PD signal
grades of enthesitis (Table 3).
Comparison of affected patients with tenosynovitis among
various age groups. A significantly higher percentage of
patients with PsA showed tenosynovitis compared with
non-PsA patients and healthy individuals, for all age groups
(all p < 0.01). However, there were no significant differences
of affected patients showing tenosynovitis among non-PsA
patients and healthy controls in all age groups (Table 4).
Comparisons of affected sites among patients with tenosyn-
ovitis in various age groups. In the PsA group, a significantly
higher percentage of sites showed enthesitis compared with
the non-PsA and control groups, in all age groups (all 
p < 0.01). However, there were no significant differences of
sites with tenosynovitis between the non-PsA and control
groups, in all age groups (Table 4).
Comparisons of PD signal grades of tenosynovitis among
various age groups. PD signal grades of tenosynovitis in the
PsA group were significantly higher than those of the
non-PsA and control groups for the young age group and
elevated compared with control patients for the middle-aged
group (all p < 0.01). Meanwhile, the non-PsA group showed
a significantly higher percentage of PD signal grades of
tenosynovitis compared with control patients, for young and
middle-aged individuals (both p < 0.01). However, PD signal
grades of tenosynovitis among various groups showed no
significant differences for the elderly age group (Table 4).
Comparison of affected patients with bursitis among various

age groups. A significantly higher percentage of patients with
PsA showed bursitis compared with non-PsA patients and
healthy individuals, for the young and middle-aged groups
(both p < 0.01). However, there were no significant differ-
ences in affected patients showing bursitis among study
groups in the elderly population, and between the non-PsA
and control groups in all age groups (Table 5).
Comparisons of affected sites among patients with bursitis in
various age groups. In the PsA group, a significantly higher
percentage of sites showed bursitis compared with the
non-PsA and control groups, for the young and middle-aged
groups (both p < 0.01). However, no significant differences
of sites with bursitis were found among study groups in
elderly individuals, and between the non-PsA and control
groups, in all age groups (Table 5).
Comparisons of PD signal grades of bursitis among various
age groups. Compared with the non-PsA and control groups,
patients with PsA showed significantly higher PD signal
grades of bursitis, for the young age group (both p < 0.01).
However, no significant differences were found among study
groups in the middle-aged and older groups, and between the
non-PsA and control groups, in all age groups (Table 5).

DISCUSSION
In our study, the duration of psoriasis in patients with PsA
was significantly longer than that of the non-PsA group. We
speculate that non-PsA psoriatic patients may develop PsA
with time. 
    In psoriatic patients, especially those with PsA, inflam-
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Table 3. Comparison of enthesitis among groups, based on age. Values are n (%) unless otherwise specified.

Variables                                    Youth, 18–44 Yrs                                          Middle-aged, 45–59 Yrs                                           Elderly, ≥ 60 Yrs
                                   Control         Non-PsA               PsA              Control           Non-PsA               PsA                Control          Non-PsA              PsA 

Affected patients     48 (34.00)       55 (40.74)        37 (77.08)*       42 (57.53)         47 (67.14)          19 (76.00)          30 (76.92)       31 (83.78)         11 (84.62)
Affected sites           104 (5.27)      156 (8.25)#          92 (13.69)*      119 (11.64)      170 (17.34)#        111 (31.71)*        91 (16.67)      103 (19.88)       65 (35.71)*
PD signal grades, n                                                                                                                                                                                                                  

0                              104                129#                         63*                  119                   140#                          76*                     91                    99                     58*
1                                0                    27                      29                     0                      30                      35                       0                      4                        7

*p < 0.01 versus control and non-PsA groups. #p < 0.01 versus control group. PsA: psoriatic arthritis; PD: power Doppler.

Table 4. Comparison of tenosynovitis among groups, based on age. Values are n (%) unless otherwise specified.

Variables                                       Youth, 18–44 Yrs                                       Middle-aged, 45–59 Yrs                                         Elderly, ≥ 60 Yrs
                                   Control           Non-PsA             PsA               Control          Non-PsA              PsA                 Control        Non-PsA               PsA 

Affected patients        4 (2.83)             7 (5.19)        19 (39.58)*         3 (4.10)          9 (12.86)        15 (60.00)*          6 (15.38)        7 (18.92)             4 (2.83)
Affected sites              8 (0.14)            11 (0.19)         23 (1.14)*         34 (0.10)          11 (0.37)          57 (5.43)*            9 (0.55)         11 (0.71)             8 (0.14)
PD signal grades, n                                                                                                                                                                                                                   

0                                 8                       3#                           2*                     32                    2#                           15#                               9                    10                       10
1                                 0                        5                      9                       2                      6                      26                        0                     1                         3
2                                 0                        3                      9                       0                      3                       9                         0                     0                         0
3                                 0                        0                      3                       0                      0                       7                         0                     0                         0

* p < 0.01 versus control and non-PsA groups. #p < 0.01 versus control group. PsA: psoriatic arthritis; PD: power Doppler.
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matory lesions can be axial (sacroiliitis and spondylitis) or
peripheral (peripheral joint synovitis, enthesitis, tenosyn-
ovitis, and bursitis). Such lesions can develop without
symptoms and signs, and be overlooked by both patient and
physician26,27. Our study assessed various peripheral inflam-
matory lesions based on patient age.
    We found the following in all ages: (1) patients with PsA
had higher percentages and PD signal grades of synovitis
compared with non-PsA psoriatic patients and healthy
controls; (2) enthesitis occurred in higher percentages of
patients and sites, and higher PD signal grades of enthesitis
were obtained in patients with PsA compared with non-PsA
and control groups; (3) higher percentages of tenosynovitis
were found in patients and sites in PsA compared with the
non-PsA and control groups. These findings were consistent
with the clinical manifestations of patients with PsA who
show more pain, dyskinesia, dysfunction, as well as worse
quality of life, compared with non-PsA psoriatic patients and
healthy individuals. Our results also corroborate a report
demonstrating that patients with PsA have higher PD of
enthesitis compared with ordinary patients with psoriasis,
suggesting increased inflammatory process in PsA28.
Bandinelli, et al29 found that US detects subclinical entheseal
involvement in early PsA. Based on the SEC theory, when a
mechanically stressed enthesis is injured, any associated
inflammatory reaction would be expected to manifest promi-
nently within the juxtaposed synovium. The central tenet of
the SEC theory is that primary entheseal abnormalities trigger
secondary joint synovitis. The SEC is a unifying factor in
understanding PsA-associated synovitis. The blood vessels
of entheses may originate from the underlying bone at sites
with no disease onset on the subchondral bone plate; alterna-
tively, they may invade from tendon surface tissues, including
the synovium30. In all ages, none of the healthy controls
showed PD signal grades of enthesitis; this is in line with
previous findings11. This indicates that enthesitis shows low
inflammatory activity in healthy individuals, regardless of
age.
    Importantly, there were several findings regarding the
young and middle-aged groups. First, non-PsA psoriatic
patients had higher percentage and PD signal grades of

synovitis compared with healthy controls. Therefore, in these
age groups, non-PsA psoriatic patients tend to have
subclinical synovitis, which may even have higher inflam-
matory activity. In agreement, a previous study demonstrated
that the prevalence of asymptomatic PDUS synovitis is
significantly higher in psoriatic patients than in healthy
controls11. Second, enthesitis occurred in a higher percentage
of sites with elevated PD signal grades in the non-PsA group
compared with control patients. These findings indicated that
both greyscale US and PD data indicative of enthesitis are
more common in non-PsA psoriatic patients than healthy
individuals, and that these data could predict the clinical onset
of PSA in these age groups, as proposed previously6,11,31.
Third, PD signal grades of tenosynovitis in the non-PsA
group were higher than control values. This indicated that
non-PsA psoriatic patients in these age groups have active
inflammatory reactions of tenosynovitis, which might be
overlooked by the clinician. Fourth, bursitis was found in
higher percentages of patients and sites in the PsA group
compared with the non-PsA and control groups. These
findings indicate that bursitis should be taken into account in
PsA patients, especially in these age groups. On one hand,
enthesitis can cause bursitis because of the SEC. On the other
hand, bursitis is also an inflammatory process in PsA. Based
on the SEC theory, in healthy individuals, the synovium plays
a pivotal role in the nourishment and lubrication of the
entheseal fibrocartilage, in a manner identical to its function
for the articular cartilage. In disease conditions, however, this
close functional interdependence could lead to bursitis30.
    In the elderly group, there were no significant differences
between the non-PsA and control groups in patient and site
percentages of enthesitis as well as PD signal grades. This
may be because pathologic processes leading to enthesitis,
such as metabolic, inflammatory, traumatic, and degenerative
processes, increase in incidence with time.
    Our study has some limitations. First, our study did not
compare US findings with MRI data. Second, other abnor-
malities of psoriasis, such as peritendinous edema, other
osseous phenotypes, dactylitis, and nail changes were not
assessed despite good sensitivity of US. These limitations
should be addressed in future studies.
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Table 5. Comparison of bursitis among groups, based on age. Values are n (%) unless otherwise specified.

Variables                                     Youth, 18–44 Yrs                                         Middle-aged, 45–59 Yrs                                            Elderly, ≥ 60 Yrs
                                    Control         Non-PsA               PsA                Control        Non-PsA            PsA                  Control             Non-PsA              PsA 

Affected patients         4 (2.84)          5 (3.70)          15 (31.25)*          2 (2.74)          3 (4.29)         8 (32.00)*             3 (7.69)              3 (8.11)            4 (2.84)
Affected sites              5 (0.59)          7 (0.86)           18 (6.25)*           3 (0.68)          4 (0.95)          8 (5.33)*              3 (1.28)              3 (1.35)            5 (0.59)
PD signal grades, n                                                                                                                                                                                                                   

0                                  5                     2                       5#                               3                     4                      3                         3                         3                       2
1                                  0                     5                       13                       0                     0                      4                         0                         0                       1
2                                  0                     0                        0                        0                     0                      1                         0                         0                       0
3                                  0                     0                        0                        0                     0                      0                         0                         0                       0

*p < 0.01 versus control and non-PsA groups. #p < 0.01 versus control group. PsA: psoriatic arthritis; PD: power Doppler.
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    Overall, patients with PsA show high percentages and PD
signal grades of peripheral joint, tendon, entheses, and bursa
involvement. Further, our results suggest that non-PsA
psoriatic patients of young and middle-aged groups have high
percentages of synovitis and enthesitis, as well as elevated
PD signal grades of synovitis, enthesitis, and tenosynovitis,
which may indicate subclinical musculoskeletal involvement,
predicting the clinical onset of PsA in these age groups.
Therefore, regular US examination is quite important for
patients with PsA, and more attention should be paid to
young and middle-aged non-PsA psoriatic patients. 
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