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Abstract

:

This observational and prospective study evaluated the clinical correlations of sonographic lesions in consecutive psoriatic arthritis (PsA) dactylitis cases. Eighty-three dactylitic digits were evaluated clinically and sonographically before treatment and at one-month (T1) and three-month (T3) follow-up. Clinical evaluation included the Leeds Dactylitis Index-basic (LDI-b) score and the visual analogue scales for pain (VAS-p) and functional impairment (VAS-FI). High-frequency ultrasound with grey scale (GS) and power Doppler (PD) assessed flexor tenosynovitis (FT), soft tissue oedema (STO), extensor tendon paratenonitis, and joint synovitis. There was a statistically significant correlation between the clinical parameters (VAS-p, VAS-FI, and LDI-b) and FT and STO at T1 and T3. We found statistically significant improvement in FT and STO for the cases with clinically meaningful treatment responses (p < 0.001). After a multiple conditional logistic regression analysis, the only variables that correlated with a T1 clinical response were the resolutions of PD FT (OR 15.66) and PD STO (OR 6.23), while the resolution of PD FT (OR 27.77) and of GS STO (OR 7.29) correlated with a T3 clinical response. The clinical improvements of active dactylitis are linked to the regression of sonographic evidence of extracapsular inflammation (particularly FT and STO).
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1. Introduction


Dactylitis is a pathognomonic manifestation of psoriatic arthritis (PsA) and a diagnostic criterion in the ClASsification for Psoriatic ARthritis (CASPAR) [1,2]. Its presence, characterised by diffuse swelling of a whole digit, can assist in disease diagnosis and serve as a clinical marker of disease severity [3,4]. Dactylitis occurs in 16 to 49% of PsA patients, and it may be the first and only pathological manifestation for many years [5]. The measurement of dactylitis severity varies from a simple count of the affected fingers to the Leeds Dactylitis Index (LDI) and LDI-basic (LDI-b), which evaluate finger circumference and tenderness [6,7]. The Group for Research and Assessment of Psoriasis and PsA (GRAPPA) [8] and the European League Against Rheumatism (EULAR) [9] recommend non-steroidal anti-inflammatory drugs (NSAIDs) and local corticosteroid injections for symptomatic management.



Dactylitis has variable associations to inflammatory lesions, including flexor tenosynovitis (FT), soft tissue oedema (STO), and joint synovitis [10]. However, these pathophysiological features of dactylitis can only be appreciated with advanced imaging with musculoskeletal-ultrasound (Msk-US) and magnetic resonance imaging (MRI) studies [11,12,13,14]. Compared to rheumatoid arthritis (RA), psoriasis, and healthy controls, PsA fingers demonstrate a high prevalence of US-determined periarticular soft tissue alterations, particularly at flexor tendon pulleys [15,16,17]. Recent studies reported significant extracapsular inflammation (FT and STO) in early dactylitis and a higher prevalence of joint synovitis at the proximal interphalangeal (PIP) level in chronic cases [18,19,20,21]. Additional cross-sectional studies linked specific US lesions (particularly FT and STO) with local, patient symptoms [18,19,20,21]. Moreover, a recent study showed that high values of LDI-b (indicating more disease) are associated with FT and STO on US [21]. The results of these cross-sectional studies suggest that FT and STO could play a role in triggering and sustaining the local symptoms of dactylitis.



Until this study, no longitudinal investigations have analysed the associations between the clinical dactylitic activity and the US features of PsA dactylitis before and after treatment. The aim of the present study is to explore the associations between specific US findings and clinical parameters of disease activity in a consecutive series of acute dactylitic episodes of PsA patients over 3 months.




2. Experimental Section


Three Italian rheumatology centres (i.e., Rheumatology Unit in Naples, Reggio Emilia, and Negrar) enrolled consecutive PsA patients with symptomatic hand dactylitis. The study was approved by the local ethical committees of the participating centres, and a written, informed consent was obtained from all participants.



The inclusion criteria were the following: (1) adult patients (18 years of age or older) affected by PsA satisfying CASPAR criteria; (2) symptomatic hand dactylitis; (3) otherwise well-controlled PsA. The exclusion criteria were the following: (1) previous episodes of dactylitis in the involved finger; (2) previous corticosteroid injection in the involved finger; (3) current use of biological disease-modifying antirheumatic drugs (bDMARDs). If an enrolled patient developed symptoms from an additional finger, the newly symptomatic digit was assessed at baseline and represented a new case of dactylitis in the study.



The presence of active dactylitis was diagnosed and evaluated by one rheumatologist from each centre and confirmed using a dactylometer and the LDI-b [6]. The LDI-b measurement starts with the ratio between the circumference of the involved finger and the contralateral, non-affected one; a difference of more than 10% is sufficient to confirm the dactylitis. The circumference ratio is multiplied by a tenderness score (0 for non-tender, 1 for tender) to obtain an LDI-b score [7]. For each patient, the Disease Activity Index for Psoriatic Arthritis (DAPSA) score was calculated at baseline [22,23]. If the disease was well-controlled, apart from active dactylitis, patients qualified for study enrolment and continued the same baseline treatment during the entire follow-up period. After baseline examination (T0), patients were treated either with local steroid injections or with oral non-steroidal anti-inflammatory drugs (NSAIDs) based on patient preference, in accordance with routine clinical practice and local guidelines [24]. The injection was performed with a 25-gauge needle introducing 20 mg of methylprednisolone acetate into the flexor tendon sheath.



Dactylitis occurring at different times during the enrolment period, even if occurring in the same patient, represented a new case of dactylitis included in the study. A new case was included only if the previous episode of dactylitis was resolved and had completed treatment



2.1. Clinical Assesment


The patients rated their local pain severity and functional impairment of the symptomatic digit using a Visual Analogue Scale (VAS). Pain (VAS-p) scores ranged from 0 (no pain) to 10 (worst pain imaginable), [25] and functional impairment (VAS-FI) ranged from 0 (no functional impairment) to 10 (complete functional impairment) [26]. Outcomes were evaluated at baseline and at the first and third month post-treatment (T1 and T3, respectively) by an independent clinical assessor (one from each centre). Clinical evaluation included physical examination of the affected finger, measurement of finger circumference using the dactylometer, calculation of the LDI-b, and the patient’s VAS-p and VAS-FI scores. Local and systemic adverse events were also recorded at every clinical examination: T0, T1, and T3.



We considered the primary objective to be achieved if the affected finger had a clinically meaningful treatment response (MTR). We defined MTR as a reduction of at least 5 points in VAS-p and VAS-FI or if both VAS-p and VAS-FI scores were < 2.




2.2. Ultrasound Assesment


Sonographic evaluations of the dactylitic finger were performed by three rheumatologists (NG, PM, IT), experts in Msk-US, who were blinded to the clinical evaluations. All Msk-US scans were performed in the same setting using the same equipment model (MyLab70XVG—Esaote S.p.A., Genoa, Italy machine, with a 6–18 MHz linear transducer). The ultrasound grey scale (GS) imaging parameters were optimised for maximal image resolution. Power Doppler (PD) was standardised with a 500 Hz pulse repetition frequency, 3 wall filter, 4 persistence, and 45–55% colour gain. Msk-US examinations used the appropriate quantity of gel to avoid probe contact with the skin. The dactylitic digit and the contralateral, non-affected finger were scanned from the dorsal and volar views in longitudinal and transverse planes per currently accepted international guidelines [27]. The non-affected finger was scanned to allow for STO grading in the dactylitic finger.



The following dactylitis-related sonographic lesions were investigated by GS and PD: FT, STO, peritendon extensor inflammation (PTI) at the metacarpophalangeal (MCP) and proximal interphalangeal (PIP) joint levels, and joint synovitis at the MCP, PIP and distal interphalangeal (DIP) joints. FT was assessed in GS and PD modes using the four-point, semi-quantitative scoring scale proposed by the Outcome Measures in Rheumatology (OMERACT) US group [28]. As described in a recent study, STO was defined as “abnormal hypoechoic/anechoic areas, diffused or localized within the subcutaneous tissue between the epidermis and the tendon-related anatomic structures, with local thickening, with or without local abnormal Doppler signal, visualized in two perpendicular planes, and not present on the contralateral side.” [29,30]. STO, therefore, was a comparative evaluation between the affected and un-affected contralateral finger with a semi-quantitative (0–3) score in GS and PD modes: grade 0, no finger oedema; grade 1, mild; grade 2, moderate; grade 3, severe [29,30]. PTI, identified by a hypoechoic area surrounding a tendon without a synovial sheath (with or without peri-tendinous PD signal), was evaluated dichotomously (0–1) in GS and PD mode at the MCP and PIP joints level, as previously reported [29]. We used OMERACT’s definition of synovitis as any grade of PD signal and hypoechoic synovial hypertrophy, regardless of effusion [31,32]. Joint synovitis was scored using the EULAR–OMERACT combined score for GS and PD (0–3) [32,33]. All symptomatic digits underwent US examination at T0, T1, and T3.




2.3. Statistical Analysis


The statistical analyses were performed using IBM SPSS Statistics for Windows, Version 23 (IBM Corp., Armonk, NY, USA). All quantitative variables were expressed in terms of mean ± SD or, in cases of strong violation of normality, median and range. Qualitative variables were expressed as percentages. When appropriate, continuous variables were compared using the t-test or non-parametric tests, and non-continuous variables were compared using the Chi-square test. Correlations between variables were calculated with Spearman’s rho. Statistical tests were performed at a significance level of α = 0.05. All demographic, clinical, and laboratory variables were entered as possible explanatory variables in a conditional logistic regression analysis with each response at T1 and T3 examination as the dependent variable. The most significant independent variables were identified using a p-value greater than 0.10 as the removal criterion using a backward selection procedure.



Adequate intra- and inter-rater reliability were assumed based on significant agreement reported in previous studies [18,19,20,21,29].



Sensitivity to change of individual US lesions was estimated using the standardized response mean (SRM). The SRM is the mean change score divided by the standard deviation of the change and was stratified as trivial < 0.20, small 0.20–0.40, moderate 0.50–0.79 and good > 0.80 [34]. The association between the changes in US lesions and clinical variables was assessed by a mixed model for repeated measurement.





3. Results


3.1. Patients’ Characteristics and Clinical Findings


Eighty-three symptomatic, dacylitic hand digits from 56 PsA patients entered the study (23 female and 33 male; mean age 49.2 ± 13.8 years; PsA duration 49.55 ± 44.4 months). Fifteen patients developed more than one episode of dactylitis; no patient presented with two or more symptomatic fingers simultaneously nor had multiple episodes involving the same finger. All enrolled patients completed T0, T1, and T3 evaluations for every involved digit. All patients had well-controlled disease apart from active dactylitis (DAPSA < 12) and continued the same baseline treatment (oral steroids, conventional synthetic DMARDs—csDMARDs—or no treatment) throughout the study. Patients did not show axial involvement. Since dactylitis was the only active manifestation of PsA, patients were only treated with a local steroid injection or oral NSAIDs, according to local and international recommendations [8,9,24]. Forty-two fingers were injected with local steroid, while 41 were managed with NSAIDs (ibuprofen or etoricoxib).



Table 1 summarises patient and dactylitis characteristics at baseline.



According to our definition of MTR, 54 out of 83 cases of dactylitis were treatment responders at T3. There were no relapses of dactylitis in responders at 3 months.




3.2. Ultrasound Findings


During the follow-up period, we observed a significant reduction in FT and STO at T1 and T3 examinations (see Table 2). PTI and joint synovitis did not change significantly. We observed significantly less FT and STO (both in GS and in PD) at T1 and T3 in the MTR group (responders) compared to the non-MTR group (Table 3). The prevalence of the other US parameters (PTI and joint synovitis) did not reach statistical significance.




3.3. Correlation between Ultrasound and Clinical Parameters


We observed a statistically significant correlation (Spearman) between the clinical parameters (VAS-p, VAS-FI and LDI-b) and the US signs of flexor tendon and soft tissue involvement at T1 and T3 examinations (see Table 4). We did not observe a clinical correlation with PTI or synovitis at the MCP, PIP, or DIP.



Msk-US assessment demonstrated a significant reduction in some US lesions after treatment at T1 examination, confirmed at T3 examination. The SRM between T0 and T1 and T0 and T3 evaluations were good for GS FT (0.91 and 1.32) and PD FT (0.92 and 0.99), moderate for GS STO (0.72 and 0.67) and PD STO (0.70 and 0.71), and trivial for the remaining lesions (0–0.17).



Changes of FT and STO (both in GS and PD) were significantly associated with changes in VAS-pain, VAS-FI and LDI-b, using a mixed model for repeated measurement (p < 0.001).



The univariate logistic regression analysis did not show associations between the clinical response at T1 and T3 with patient demographics or baseline clinical or US findings. The only variables significantly associated with clinical response at T1 were GS FT (OR 3.64 (95%CI: 1.05; 12.65) p < 0.001), PD FT (OR 14.67 (95%CI: 3.59–59.88) p < 0.001), GS STO (OR 8.65 (95%CI: 2.23–33.59) p = 0.002), and PD STO (OR 6.0 (95%CI: 1.52–23.64) p = 0.009). The same variables were associated with the clinical response at T3: GS FT (OR 13.3 (95%CI: 2.75; 63.92) p < 0.001), PD FT (OR 48.0 (95%CI: 8.75–263.1) p < 0.001), GS STO (OR 15.97 (95%CI: 3.33–76.53) p = 0.001), and PD STO (OR 6.63 (95%CI: 1.71–25.77) p = 0.017).



When these variables were entered in a multiple conditional logistic regression analysis, only the resolution of PD FT (1.7 OR (1.1–3.1) p = 0.045) and GS STO (2.5 OR (1.3–4.8) p = 0.006) significantly improved at T1, whereas the resolution of PD FT (OR 2.3 (1.2–4.4) p = 0.010) and of GS STO (OR 2.8 (1.4–5.2) p = 0.002) was associated with T3. Neither GS nor PD changes of US-determined synovitis (MCP, PIP and DIP) or PTI correlated with clinical responses.



An example of the US assessment at baseline and after treatment in the MTR group is described in Figure 1.





4. Discussion


This study is a long-awaited, longitudinal assessment of PsA dactylitis with Msk-US and clinical indices. Among the most pathognomonic US elementary lesions evaluated, FT and STO showed good sensitivity to change and reflected the clinical response at three months of patients with PsA dactylitis treated with a steroid injection or NSAIDs.



The sonographic improvement appeared to be more significant if we compared the individual US lesions between the MTR group (responders) and the non-MTR group. At the three-month follow-up, resolution of FT and STO (both in GS and PD) correlated with an improvement in VAS-p, VAS-FI and LDI-b. On the other hand, the resolution of synovitis and PTI did not correlate with clinical improvement. These observations are consistent with the results of our previous, cross-sectional studies.



The link between sonographic features of dactylitis in PsA and local symptoms were evaluated for the first time in a recent study where local pain and tenderness were positively associated with GS FT (grade ≥ 2), PD FT, GS STO, and PD STO (p < 0.001 for all comparisons) [18]. Moreover, there was a negative association with joint synovitis (p < 0.001, both in GS and PD). The same positive and negative associations with sonographic findings were found in a cohort of 100 cases of dactylitis regardless of whether the symptom duration was greater or less than 20 weeks (p < 0.001 for all comparisons). The data from this cohort demonstrated that extracapsular inflammation predominates in the early phases of dactylitic episodes. Cases with a shorter dactylitis duration (<20 weeks) had a significantly higher prevalence of GS FT (grade ≥ 2), PD FT, GS STO, and PD STO (p = 0.001, p < 0.001, p < 0.05, and p = 0.001, respectively) [19]. However, synovitis at the PIP joint (identified in GS and PD) was more frequent in patients with longer dactylitis duration (p < 0.001).



In another publication, we compared the clinical and sonographic features of 80 symptomatic with 36 asymptomatic cases of PsA dactylitis. Symptomatic fingers had a significantly shorter dactylitis duration (more acute presentation) compared to asymptomatic fingers (p < 0.001) [20]. Values indicative of clinical presentation—LDI, patient VAS-p, and VAS-FI—were significantly higher in fingers with symptomatic dactylitis (p < 0.001, p < 0.001, and p = 0.010, respectively). Symptomatic dactylitis had a higher prevalence of FT grade > 2 and STO, both in GS and PD modes (p < 0.001). Asymptomatic dactylitis showed a greater prevalence of joint synovitis in GS and PD modes (p < 0.001). Due to the clinical utility of the LDI-b, we recently explored the link between specific sonographic findings and the LDI-b score of 91 cases of hand dactylitis in 63 PsA patients. [21] Digits with an LDI-b score above the median had significantly higher prevalence of GS FT, PD FT and STO (p = 0.015, p = 0.001, and p = 0.004, respectively). From these cross-sectional studies, we deduce that pain and digital tenderness are linked to dactylitis duration, and earlier lesions are associated with extra-articular inflammatory changes, particularly FT and STO. These findings suggest an extra-articular basis for symptoms in PsA dactylitis.



Accessory pulley involvement is another extra-articular manifestation linked to PsA compared to RA, psoriasis, and healthy controls. This trend was especially notable in subjects with a history of dactylitis [16]. These data were confirmed in a sonographic study of 58 PsA patients. This study showed increased PD signal of the intra-pulley and thickening of pulleys A1, A2 and A4 in the dactylitic digits [17]. Additionally, almost all of the dactylitic digits showed peri-tendinous oedema, and 82.6% showed FT with PD signals in 65.2% of flexor tendons. These data substantiate the pivotal role of tenosynovitis and extra-articular disease in symptomatic dactylitis.



Recently, a score (DACTylitis glObal Sonographic—DACTOS) for grading the characteristic US lesions in PsA hand dactylitis was developed [30]. This composite score includes FT, STO, PTI and joint synovitis, both in GS and PD modes. It would be interesting to apply this score in a longitudinal study to evaluate the response to treatment and explore the possible correlation with clinical parameters of disease activity.



This study had a number of limitations. First, we included more than one dactylitic finger from fifteen of the enrolled patients. Each episode of dactylitis in these patients occurred at different times and involved different fingers. We chose to include these cases because we could identify a unique set of clinical and sonographic characteristics in each episode of dactylitis, even when occurring in the same patient. Another limitation is the relatively short follow-up period, which should be prolonged to understand the progression of this chronic disease and discover favourable sonographic treatment indicators. At the moment, a commonly shared definition of meaningful treatment response (MTR) for dactylitis is not available, and as a result, we decided to define MTR based on our clinical practice. For a patient’s improvement to be clinically meaningful, we hoped to see a simultaneous reduction of at least 5 points in VAS-pain and in VAS-FI, or both VAS-pain and VAS-FI scores of less than 2. Furthermore, this study does not have a placebo arm. We cannot exclude that local infiltration may have had a placebo effect on patient-reported symptoms. However, the number of patients treated with infiltration was approximately equal to those treated with NSAIDs. To better assess the objective response to treatment, we utilized US evaluation, which is not affected by the patient’s opinion. Finally, our current results need additional validation with data from a more robust case series.




5. Conclusions


To our knowledge, this is the first longitudinal study that persuasively demonstrates the link between clinical response in dactylitis and sonographic improvement in extracapsular lesions (particularly FT and STO). These findings confirm the central role of extra-articular structures as the pivotal epicentres of local inflammation in active dactylitis.




6. Patents


No patents resulting from the work reported in this manuscript.







Author Contributions


Conceptualization, N.G., P.M., N.P., I.T., R.S., L.C., and F.C.; methodology, N.G., P.M., N.P., I.T., R.S., L.C., and F.C.; software, N.G., P.M., N.P. and I.T.; validation, N.G., P.M., N.P. and I.T.; formal analysis, N.G., P.M., N.P. and I.T.; investigation, N.G., P.M., N.P. and I.T.; resources, N.G., P.M., N.P., I.T., V.B., G.C., A.M., R.P., V.S., C.S., R.S., L.C. and F.C.; data curation, N.G., P.M., N.P., I.T., V.B., G.C., A.M., R.P., V.S., C.S., R.S., L.C. and F.C.; writing—original draft preparation, N.G., P.M., N.P., I.T., R.S., L.C. and F.C.; writing—review and editing, N.G., P.M., N.P., I.T., R.M., V.B., G.C., A.M., R.P., V.S., C.S., R.S., L.C. and F.C.; visualization, N.G., P.M., N.P., I.T., V.B., G.C., A.M., R.P., V.S., C.S., R.S., L.C. and F.C.; supervision, N.G., P.M., N.P., I.T., R.S., L.C. and F.C.; project administration, N.G., P.M., N.P. and I.T. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



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. [Google Scholar] [CrossRef]

	



Tillett, W.; Costa, L.; Jadon, D.; Wallis, D.; Cavill, C.; McHugh, J.; Korendowych, E.; McHugh, N. The ClASsification for Psoriatic ARthritis (CASPAR) criteria—A retrospective feasibility, sensitivity, and specificity study. J. Rheumatol. 2012, 39, 154–156. [Google Scholar] [CrossRef]

	



Gladman, D.D.; Ziouzina, O.; Thavaneswaran, A.; Chandran, V. Dactylitis in psoriatic arthritis: Prevalence and response to therapy in the biologic era. J. Rheumatol. 2013, 40, 1357–1359. [Google Scholar] [CrossRef] [PubMed]

	



Kaeley, G.S.; Eder, L.; Aydin, S.Z.; Gutierrez, M.; Bakewell, C. Dactylitis: A hallmark of psoriatic arthritis. Semin. Arthritis Rheum. 2018, 48, 263–273. [Google Scholar] [CrossRef] [PubMed]

	



Olivieri, I.; Scarano, E.; Padula, A.; Giasi, V. Dactylitis involving most of the fingers. Clin. Exp. Rheumatol. 2003, 21, 406. [Google Scholar] [PubMed]

	



Helliwell, P.S.; Firth, J.; Ibrahim, G.H.; Melsom, R.D.; Shah, I.; Turner, D.E. Development of an assessment tool for dactylitis in patients with psoriatic arthritis. J. Rheumatol. 2005, 32, 1745–1750. [Google Scholar] [PubMed]

	



Healy, P.J.; Helliwell, P.S. Measuring dactylitis in clinical trials: Which is the best instrument to use? J. Rheumatol. 2007, 34, 1302–1306. [Google Scholar] [PubMed]

	



Coates, L.C.; Kavanaugh, A.; Mease, P.J.; Soriano, E.R.; Acosta-Felquer, M.L.; Armstrong, A.W.; Bautista-Molano, W.; Boehncke, W.-H.; Campbell, W.; Cauli, A.; et al. Group for research and assessment of psoriasis and psoriatic arthritis 2015 treatment recommendations for psoriatic arthritis. Arthritis Rheumatol. 2016, 68, 1060–1071. [Google Scholar] [CrossRef]

	



Gossec, L.; Baraliakos, X.; Kerschbaumer, A.; de Wit, M.; McInnes, I.; Dougados, M.; Primdahl, J.; McGonagle, D.G.; Aletaha, D.; Balanescu, A.; et al. EULAR recommendations for the management of psoriatic arthritis with pharmacological therapies: 2019 update. Ann. Rheum. Dis. 2020, 79, 700–712. [Google Scholar] [CrossRef]

	



McGonagle, D.; Tan, A.L.; Watad, A.; Helliwell, P. Pathophysiology, assessment and treatment of psoriatic dactylitis. Nat. Rev. Rheumatol. 2019, 15, 113–122. [Google Scholar] [CrossRef]

	



Olivieri, I.; Barozzi, L.; Pierro, A.; De Matteis, M.; Padula, A.; Pavlica, P. Toe dactylitis in patients with spondyloarthropathy: Assessment by magnetic resonance imaging. J. Rheumatol. 1997, 24, 926–930. [Google Scholar] [PubMed]

	



Healy, P.J.; Groves, C.; Chandramohan, M.; Helliwell, P.S. MRI changes in psoriatic dactylitis—Extent of pathology, relationship to tenderness and correlation with clinical indices. Rheumatology 2008, 47, 92–95. [Google Scholar] [CrossRef] [PubMed]

	



Olivieri, I.; Scarano, E.; Padula, A.; D’Angelo, S.; Salvarani, C.; Cantini, F.; Niccoli, L.; Barozzi, L. Fast spin echo-T2-weighted sequences with fat saturation in toe dactylitis of spondyloarthritis. Clin. Rheumatol. 2008, 27, 1141–1145. [Google Scholar] [CrossRef] [PubMed]

	



Tan, A.L.; Fukuba, E.; Halliday, N.A.; Tanner, S.F.; Emery, P.; McGonagle, D. High-resolution MRI assessment of dactylitis in psoriatic arthritis shows flexor tendon pulley and sheath-related enthesitis. Ann. Rheum. Dis. 2015, 74, 185–189. [Google Scholar] [CrossRef]

	



Tinazzi, I.; McGonagle, D.; Aydin, S.Z.; Chessa, D.; Marchetta, A.; Macchioni, P. “Deep Koebner” phenomenon of the flexor tendon-associated accessory pulleys as a novel factor in tenosynovitis and dactylitis in psoriatic arthritis. Ann. Rheum. Dis. 2018, 77, 922–925. [Google Scholar] [CrossRef]

	



Tinazzi, I.; McGonagle, D.; Zabotti, A.; Chessa, D.; Marchetta, A.; Macchioni, P. Comprehensive evaluation of finger flexor tendon entheseal soft tissue and bone changes by ultrasound can differentiate psoriatic arthritis and rheumatoid arthritis. Clin. Exp. Rheumatol. 2018, 36, 785–790. [Google Scholar]

	



Tinazzi, I.; McGonagle, D.; Macchioni, P.; Aydin, S.Z. Power Doppler enhancement of accessory pulleys confirming disease localization in psoriatic dactylitis. Rheumatology 2019, 59, 2030–2034. [Google Scholar] [CrossRef]

	



Girolimetto, N.; Costa, L.; Mancarella, L.; Addimanda, O.; Bottiglieri, P.; Santelli, F.; Meliconi, R.; Peluso, R.; Del Puente, A.; Macchioni, P.; et al. Symptomatic psoriatic dactylitis is associated with ultrasound determined extra-synovial inflammatory features and shorter disease duration. Clin. Rheumatol. 2019, 38, 903–911. [Google Scholar] [CrossRef]

	



Girolimetto, N.; Macchioni, P.; Tinazzi, I.; Costa, L.; McGonagle, D.; Peluso, R.; Del Puente, A.; Addimanda, O.; Marchetta, A.; Possemato, N.; et al. Ultrasonographic evidence of predominance of acute extracapsular and chronic intrasynovial patterns in 100 cases of psoriatic hand dactylitis. J. Rheumatol. 2020, 47, 227–233. [Google Scholar] [CrossRef]

	



Girolimetto, N.; Macchioni, P.; Tinazzi, I.; Costa, L.; Peluso, R.; Tasso, M.; Bascherini, V.; Addimanda, O.; Marchetta, A.; Possemato, N.; et al. Predominant ultrasonographic extracapsular changes in symptomatic psoriatic dactylitis: Results from a multicenter cross-sectional study comparing symptomatic and asymptomatic hand dactylitis. Clin. Rheumatol. 2020, 39, 1157–1165. [Google Scholar] [CrossRef]

	



Girolimetto, N.; Macchioni, P.; Tinazzi, I.; Costa, L.; Peluso, R.; Tasso, M.; Bottiglieri, P.; Marchetta, A.; Possemato, N.; Salvarani, C.; et al. Association between Leeds Dactylitis Index and ultrasonographic features: A multicentre study on psoriatic hand dactylitis. Clin. Exp. Rheumatol. 2020. [Google Scholar]

	



Schoels, M.M.; Aletaha, D.; Alasti, F.; Smolen, J.S. Disease activity in psoriatic arthritis (PsA): Defining remission and treatment success using the DAPSA score. Ann. Rheum. Dis. 2016, 75, 811–818. [Google Scholar] [CrossRef] [PubMed]

	



Scarpa, R.; Caso, F. Spondyloarthritis: Which composite measures to use in psoriatic arthritis? Nat. Rev. Rheumatol. 2018, 14, 125–126. [Google Scholar] [CrossRef] [PubMed]

	



Marchesoni, A.; Olivieri, I.; Salvarani, C.; Pipitone, N.; D’Angelo, S.; Mathieu, A.; Cauli, A.; Punzi, L.; Ramonda, R.; Scarpa, R.; et al. Recommendations for the use of biologics and other novel drugs in the treatment of psoriatic arthritis: 2017 update from the Italian Society of Rheumatology. Clin. Exp. Rheumatol. 2017, 35, 991–1010. [Google Scholar]

	



Breivik, H.; Borchgrevink, P.C.; Allen, S.M.; Rosseland, L.A.; Romundstad, L.; Hals, E.K.B.; Kvarstein, G.; Stubhaug, A. Assessment of pain. Br. J. Anaesth. 2008, 101, 17–24. [Google Scholar] [CrossRef]

	



Girolimetto, N.; Macchioni, P.; Citriniti, G.; Tinazzi, I.; Bascherini, V.; Martinis, F.; Marchetta, A.; Possemato, N.; Tasso, M.; Peluso, R.; et al. Effectiveness of steroid injection for hand psoriatic dactylitis: Results from a multicentre prospective observational study. Clin. Rheumatol. 2020. [Google Scholar] [CrossRef]

	



Möller, I.; Janta, I.; Backhaus, M.; Ohrndorf, S.; Bong, D.A.; Martinoli, C.; Filippucci, E.; Sconfienza, L.M.; Terslev, L.; Damjanov, N.; et al. The 2017 EULAR standardised procedures for ultrasound imaging in rheumatology. Ann. Rheum. Dis. 2017, 76, 1974–1979. [Google Scholar] [CrossRef]

	



Naredo, E.; D’Agostino, M.A.; Wakefield, R.J.; Möller, I.; Balint, P.V.; Filippucci, E.; Iagnocco, A.; Karim, Z.; Terslev, L.; Bong, D.A.; et al. Reliability of a consensus-based ultrasound score for tenosynovitis in rheumatoid arthritis. Ann. Rheum. Dis. 2013, 72, 1328–1334. [Google Scholar] [CrossRef]

	



Zabotti, A.; Sakellariou, G.; Tinazzi, I.; Idolazzi, L.; Batticciotto, A.; Canzoni, M.; Carrara, G.; De Lucia, O.; Figus, F.; Girolimetto, N.; et al. Novel and reliable DACTylitis glObal Sonographic (DACTOS) score in psoriatic arthritis. Ann. Rheum. Dis. 2020, 79, 1037–1043. [Google Scholar] [CrossRef]

	



Tinazzi, I.; Idolazzi, L.; Zabotti, A.; Arancio, L.; Batticiotto, A.; Caimmi, C.; De Lucia, O.; Fassio, A.; Girolimetto, N.; Macchioni, P.; et al. Ultrasonographic detection, definition and quantification of soft tissue oedema in psoriatic dactylitis. Med. Ultrason. 2019, 21, 414–421. [Google Scholar] [CrossRef] [PubMed]

	



Bruyn, G.A.; Iagnocco, A.; Naredo, E.; Balint, P.V.; Gutierrez, M.; Hammer, H.B.; Collado, P.; Filippou, G.; Schmidt, W.A.; Jousse-Joulin, S.; et al. OMERACT definitions for ultrasonographic pathologies and elementary lesions of rheumatic disorders 15 years on. J. Rheumatol. 2019, 46, 1388–1393. [Google Scholar] [CrossRef] [PubMed]

	



Terslev, L.; Naredo, E.; Aegerter, P.; Wakefield, R.J.; Backhaus, M.; Balint, P.; Bruyn, G.A.W.; Iagnocco, A.; Jousse-Joulin, S.; Schmidt, W.A.; et al. Scoring ultrasound synovitis in rheumatoid arthritis: A EULAR-OMERACT ultrasound taskforce-Part 2: Reliability and application to multiple joints of a standardised consensus-based scoring system. RMD Open 2017, 3, e000427. [Google Scholar] [CrossRef] [PubMed]

	



D’Agostino, M.-A.; Terslev, L.; Aegerter, P.; Backhaus, M.; Balint, P.; Bruyn, G.A.; Filippucci, E.; Grassi, W.; Iagnocco, A.; Jousse-Joulin, S.; et al. Scoring ultrasound synovitis in rheumatoid arthritis: A EULAR-OMERACT ultrasound taskforce-Part 1: Definition and development of a standardised, consensus-based scoring system. RMD Open 2017, 3, e000428. [Google Scholar] [CrossRef] [PubMed]

	



Husted, J.A.; Cook, R.J.; Farewell, V.T.; Gladman, D.D. Methods for assessing responsiveness: A critical review and recommendations. J. Clin. Epidemiol. 2000, 53, 459–468. [Google Scholar] [CrossRef]








[image: Jcm 09 03127 g001 550] 





Figure 1. (A,B) Volar scan of a dactylitic digit showing flexor tenosynovitis (grade 3 for GS and PD) and soft tissue oedema (grade 2 for GS and PD) at baseline. (C,D) Longitudinal views of the contralateral, unaffected digit. (E,F) Volar scan of dactylitic digit after three months showing the absence of flexor tenosynovitis and soft tissue oedema (both in GS and PD. Dorsal scans are not shown because joint synovitis and peritendon extensor inflammation were not present. Abbreviations: GS: grey scale; PD: power Doppler. 
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Table 1. Baseline demographics and clinical characteristics of 56 patients and 83 dactylitic fingers.
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Patients (56)




	
Female n (%)

	
23 (41%)




	
Mean age, years (mean ± SD)

	
49.2 + 13.8




	
Dactylitic fingers (83)




	
Dactylitis duration, weeks (mean ± SD)

	
23.3±22.3




	
PsA disease duration at dactylitic episode, months (mean ± SD)

	
49.5 ± 44.4




	
Psoriasis duration at dactylitic episode, months (mean ± SD)

	
69.3 ± 52.8




	
ESR, mm/hr (mean ± SD)

	
18.9 ± 13.3




	
CRP, mg/dl (mean ± SD)

	
1.4 ± 1.8




	
TJC 68 joints (mean ± SD)

	
7.5 ± 4.2




	
SJC 66 joints (mean ± SD)

	
2.8 ± 2.9




	
Nail involvement (n (%))

	
59 (71%)




	
Presence of at least one enthesitis (n (%))

	
43 (52%)




	
Enthesitis count (mean ± SD)

	
1.1 ± 1.3




	
Therapy at baseline




	
No therapy (n (%))

	
27 (32%)




	
csDMARDs (n (%))

	
53 (64%)




	
Oral steroids (n (%))

	
3 (4%)








Abbreviations: CRP: C-reactive protein; csDMARDs: conventional synthetic disease-modifying antirheumatic drugs; ESR: erythrocyte sedimentation rate; PsA: psoriatic arthritis; SJC: swollen joint count; TJC: tender joint count.
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Table 2. Prevalence of ultrasound abnormalities observed in 83 dactylitic fingers from 49 psoriatic arthritis patients evaluated at baseline, 1 month, and 3 months.
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Variable

	
Grade 0

	
Grade 1

	
Grade 2

	
Grade 3

	
p-Value






	
GS flexor tenosynovitis

	




	
T0

	
6 (7.1%)

	
26 (31.0%)

	
45 (53.6%)

	
7 (8.3%)

	




	
T1

	
24 (28.6%)

	
41 (48.8%)

	
16 (19.0%)

	
3 (3.6%)

	
T0 vs. T1; p < 0.001




	
T3

	
41 (48.8%)

	
29 (34.5%)

	
13 (15.5%)

	
1 (1.2%)

	
T0 vs. T3; p < 0.001




	
PD flexor tenosynovitis




	
T0

	
16 (19.0%)

	
9 (10.7%)

	
51 (60.7%)

	
8 (9.5%)

	




	
T1

	
45 (53.6%)

	
19 (22.6%)

	
16 (19.0%)

	
4 (4.8%)

	
T0 vs. T1; p < 0.001




	
T3

	
56 (66.7%)

	
10 (11.9%)

	
17 (20.2%)

	
1 (1.2%)

	
T0 vs. T3; p < 0.001




	
GS soft tissue oedema




	
T0

	
4 (4.8%)

	
32 (38.1%)

	
38 (45.2%)

	
10 (11.9%)

	




	
T1

	
25 (29.8%)

	
39 (46.4%)

	
17 (20.2%)

	
3 (3.6%)

	
T0 vs. T1; p < 0.001




	
T3

	
35 (41.7%)

	
29 (34.5%)

	
16 (19.0%)

	
4 (4.8%)

	
T0 vs. T3; p < 0.001




	
PD soft tissue oedema




	
T0

	
8 (9.5%)

	
25 (29.8%)

	
42 (50.0%)

	
9 (10.7%)

	




	
T1

	
27 (32.1%)

	
29 (34.5%)

	
26 (31.0%)

	
2 (2.4%)

	
T0 vs. T1; p < 0.001




	
T3

	
33 (39.3%)

	
27 (32.1%)

	
22 (26.2%)

	
2 (2.4%)

	
T0 vs. T3; p < 0.001




	
MCP GSperitendon extensor inflammation




	
T0

	
69 (94.5%)

	
4 (5.5%)

	

	

	




	
T1

	
69 (94.5%)

	
4 (5.5%)

	

	

	
T0 vs. T1; p = ns




	
T3

	
70 (95.8%)

	
3 (4.2%)

	

	

	
T0 vs. T3; p = ns




	
MCP PDperitendon extensor inflammation




	
T0

	
81 (96.4%)

	
2 (2.4%)

	
1 (1.2%)

	

	




	
T1

	
81 (96.4%)

	
3 (3.6%)

	

	

	
T0 vs. T1; p = ns




	
T3

	
82 (97.2%)

	
2 (2.4%)

	

	

	
T0 vs. T3; p = ns




	
PIP GSperitendon extensor inflammation




	
T0

	
71 (97.3%)

	
2 (2.7%)

	

	

	




	
T1

	
71 (97.2%)

	
2 (2.7%)

	

	

	
T0 vs. T1; p = ns




	
T3

	
72 (98.6%)

	
1 (1.4%)

	

	

	
T0 vs. T3; p = ns




	
PIP PDperitendon extensor inflammation




	
T0

	
71 (97.3%)

	
2 (2.7%)

	

	

	




	
T1

	
72 (98.6%)

	
1 (1.4%)

	

	

	
T0 vs. T1; p = ns




	
T3

	
72 (98.6%)

	
1 (1.4%)

	

	

	
T0 vs. T3; p = ns




	
MCP synovitis (combined score)




	
T0

	
70 (89.7%)

	
4 (5.1%)

	
1 (1.3%)

	
3 (3.8%)

	




	
T1

	
72 (92.3%)

	
2 (2.6%)

	
1 (1.3%)

	
3 (3.8%)

	
T0 vs. T1; p = ns




	
T3

	
70 (89.7%)

	
5 (6.4%)

	
1 (1.3%)

	
2 (2.6%)

	
T0 vs. T3; p = ns




	
PIP synovitis (combined score)




	
T0

	
59 (75.6%)

	
3 (3.8%)

	
6 (7.7%)

	
10 (12.8%)

	




	
T1

	
59 (75.6%)

	
5 (6.4%)

	
3 (3.8%)

	
11 (14.1%)

	
T0 vs. T1; p = ns




	
T3

	
60 (76.9%)

	
1 (1.3%)

	
9 (11.5%)

	
8 (10.3%)

	
T0 vs. T3; p = ns




	
DIP synovitis (combined score)




	
T0

	
71 (91.0%)

	
1 (1.3%)

	
6 (7.7%)

	
0

	




	
T1

	
71 (91.0%)

	
0

	
7 (9.0%)

	
0

	
T0 vs. T3; p = ns




	
T3

	
73 (93.6%)

	
0

	
5 (6.4%)

	
0

	
T0 vs. T1; p = ns








Abbreviations: DIP: distal interphalangeal; GS: grey-scale; MCP: metacarpophalangeal; MTR: meaningful treatment response; PD: power Doppler; PIP: proximal interphalangeal. T1: 1 month; T3: 3 months.
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Table 3. Prevalence of ultrasound abnormalities at 1 month and 3 months according to the patients’ meaningful treatment response (MTR). Peritendon extensor inflammation is not reported due to low case prevalence (p not significant).
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Variable

	
Grade 0

	
Grade 1

	
Grade 2

	
Grade 3






	
GS flexor tenosynovitis

	

	

	

	




	
MTR at T1 (46 fingers)

	
15 (32.6%)

	
26 (56.5%)

	
3 (6.5%)

	
2 (4.3%)




	
Non MTR at T1 (37 fingers)

	
9 (24.3%)

	
14 (37.8%)

	
13 (35.1%)

	
1 (2.7%)




	
p = 0.013




	
MTR at T3 (54 fingers)

	
31 (57.4%)

	
20 (37.0%)

	
2 (3.7%)

	
1 (1.9%)




	
Non MTR at T3 (29 fingers)

	
10 (34.5%)

	
8 (27.6%)

	
11 (37.9%)

	
0




	
p = 0.001




	
PD flexor tenosynovitis

	

	

	

	




	
MTR at T1 (46 fingers)

	
31 (67.4%)

	
9 (19.6%)

	
5 (10.9%)

	
1 (2.2%)




	
Non MTR at T1 (37 fingers)

	
14 (37.8%)

	
9 (23.3%)

	
11 (29.7%)

	
3 (8.1%)




	
p = 0.032




	
MTR at T3 (54 fingers)

	
45 (83.5%)

	
4 (7.4%)

	
4 (7.4%)

	
1 (1.9%)




	
Non MTR at T3 (29 fingers)

	
11 (37.9%)

	
5 (17.2%)

	
13 (44.8%)

	
0




	
p < 0.001




	
GS soft tissue oedema

	

	

	

	




	
MTR at T1 (46 fingers)

	
20 (43.5%)

	
20 (43.5%)

	
6 (13.6%)

	
0




	
Non MTR at T1 (37 fingers)

	
5 (13.5%)

	
18 (48.6%)

	
11 (29.7%)

	
3 (8.1%)




	
p = 0.005




	
MTR at T3 (54 fingers)

	
30 (55.6%)

	
19 (35.2%)

	
4 (7.4%)

	
1 (1.9%)




	
Non MTR at T3 (29 fingers)

	
5 (17.2%)

	
9 (31.0%)

	
12 (41.4%)

	
3 (10.3%)




	
p < 0.001




	
PD soft tissue oedema

	

	

	

	




	
MTR at T1 (46 fingers)

	
18 (39.1%)

	
15 (32.6%)

	
13 (28.3%)

	
0




	
Non MTR at T1 (37 fingers)

	
9 (24.3%)

	
13 (35.1%)

	
13 (35.1%)

	
2 (5.4%)




	
p = 0.239




	
MTR at T3 (54 fingers)

	
27 (50.0%)

	
15 (27.8%)

	
12 (22.2%)

	
0




	
Non MTR at T3 (29 fingers)

	
4 (20.7%)6

	
11 (37.9%)

	
10 (34.5%)

	
2 (6.9%)




	
p = 0.023




	
MCP synovitis (combined score)

	

	

	

	




	
MTR at T1 (46 fingers)

	
44 (95.7%)

	
2 (4.3%)

	
0

	
0




	
Non MTR at T1 (37 fingers)

	
32 (86.5%)

	
1 (2.7%)

	
1 (2.7%)

	
3 (8.1%)




	
p = 0.150




	
MTR at T3 (54 fingers)

	
54 (100%)

	
0

	
0

	
0




	
Non MTR at T3 (29 fingers)

	
21 (72.4%)

	
5 (17.2%)

	
1 (3.4%)

	
2 (6.9%)




	
p = 0.001




	
PIP synovitis (combined score)

	

	

	

	




	
MTR at T1 (46 fingers)

	
37 (80.4%)

	
5 (10.9%)

	
2 (4.3%)

	
2 (4.3%)




	
Non MTR at T1 (37 fingers)

	
26 (70.3%)

	
1 (2.7%)

	
1 (2.7%)

	
9 (24.3%)




	
p = 0.037




	
MTR at T3 (54 fingers)

	
43 (79.6%)

	
1 (1.9%)

	
5 (9.3%)

	
5 (9.3%)




	
Non MTR at T3 (29 fingers)

	
21 (72.4%)

	
1 (3.4%)

	
4 (13.8%)

	
3 (10.3%)




	
p = 0.871




	
DIP synovitis (combined score)

	

	

	

	




	
MTR at T1 (46 fingers)

	
42 (93.5%)

	
0

	
3 (6.5%)

	
0




	
Non MTR at T1 (37 fingers)

	
33 (89.2%)

	
0

	
4 (10.8%)

	
0




	
p = 0.485




	
MTR at T3 (54 fingers)

	
51 (94.4%)

	
0

	
3 (5.6%)

	
0




	
Non MTR at T3 (29 fingers)

	
27 (93.1%)

	
0

	
2 (6.9%)

	
0




	
p = 0.807








Abbreviations: DIP: distal interphalangeal; GS: grey scale; MCP: metacarpophalangeal; MTR: meaningful treatment response (>5 point improvement in VAS-p and VAS-FI or VAS-p and VAS-FI <2); PD: power Doppler; PIP: proximal interphalangeal.T1: 1 month; T3: 3 months.
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Table 4. Correlation between sonographic lesions and clinical parameters at 1 month and 3 months vs. baseline values.
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	VAS-p Delta T0 vs. T1
	VAS-FI Delta T0 vs. T1
	LDI-b Delta T0 vs. T1





	GS FT Delta T0 vs. T1
	0.537 (<0.001)
	0.570 (<0.001)
	0.467(<0.001)



	PD FT Delta T0 vs. T1
	0.594 (<0.001)
	0.579 (<0.001)
	0.545 (<0.001)



	GS STO Delta T0 vs. T1
	0.420 (<0.001)
	0.500 (<0.001)
	0.386 (<0.001)



	PD STO Delta T0 vs. T1
	0.400 (<0.001)
	0.410 (<0.001)
	0.293 (0.009)



	
	VAS-p Delta T0 vs. T3
	VAS-FI Delta T0 vs. T3
	LDI-b Delta T0 vs. T3



	GS FT Delta T0 vs. T3
	0.590 (<0.001)
	0.618 (<0.001)
	0.548 (<0.001)



	PD FT Delta T0 vs. T3
	0.525 (<0.001)
	0.507 (<0.001)
	0.482 (<0.001)



	GS STO Delta T0 vs. T3
	0.526 (<0.001)
	0.514 (<0.001)
	0.462 (<0.001)



	PD STO Delta T0 vs. T3
	0.396 (0.001)
	0.383 (0.001)
	0.258 (0.023)







Abbreviations: FT: flexor tenosynovitis; GS: grey scale; LDI-b: Leed’s dactylitic index basic; PD: power Doppler; STO: soft tissue oedema; T0: baseline; T1: 1 month; T3: 3 months; VAS-p: visual analogue scale-pain; VAS-FI: Visual analogue scale-functional impairment.
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