
Abstract 

Objective. Nailfold videocapillaroscopy (NVC) is a key imaging technique for assessing microcirculation in patients with Raynaud’s 
phenomenon and is essential for the diagnosis of scleroderma-related diseases and monitoring of systemic sclerosis. Few studies 
have evaluated structured NVC training programs, and none have investigated their impact on medical residents. This study aimed 
to assess skill acquisition during the First Residential NVC Course promoted by the Italian Society of Rheumatology for first-year 
rheumatology trainees, held in Rome on May 29-30, 2025. 
Methods. Trainees from 14 Italian regions participated in a 2-day program. Day 1 consisted of frontal lectures, while day 2 focused 
on hands-on training and interactive image interpretation. All participants completed a theoretical test and a self-evaluation of com-
petence before and after the course. On the second day, trainees undertook an image interpretation test and filled out a satisfaction 
questionnaire. 
Results. A total of 82 trainees attended the course; 86.6% reported no prior theoretical knowledge of NVC, whereas 62.2% had per-
formed at least one examination. Significant improvements were found in 13 of the 15 theoretical questions. Self-perceived compe-
tence increased, with 62.2% of participants reporting an improvement from ‘poor’ to ‘adequate’. The mean score on the image inter-
pretation test was 89.3%, and overall satisfaction was high (mean rating of 3.77/4). 
Conclusions. This intensive residential course enhanced theoretical knowledge, self-perceived competence, and practical interpreta-
tion skills among first-year trainees. Given the central role of NVC in current rheumatology training standards, early structured expo-
sure should be considered an essential component of postgraduate education. 
 

Educational efficacy of an onsite training course in improving  
theoretical and practical skills in nailfold videocapillaroscopy among 
first-year rheumatology trainees: experience from the Italian Society  
of Rheumatology Inaugural Residential Program 
Ilaria Bisconti,1* Martina Favretti,2* Laura Pezzoni,3,4 Sofia Aliprandi,4,5 Maurizio Cutolo,6,7 Rossella De Angelis,8  
Alberto Sulli,6 Fabrizio Conti,1 Roberto Caporali,3,4 Andrea Doria,9 Gian Domenico Sebastiani,10 Luisa Arcarese,11  
Silvia Laura Bosello,12,13 Ilaria D’Emilia,14 Elisabetta Greco,15 Annamaria Iuliano,10 Carmen Pizzorni,6,7 Simona Truglia,1 
Massimiliano Vasile,16 Francesca Ingegnoli,3,4 Valeria Riccieri,1 all Course Participants* 
1Rheumatology Unit, Department of Medical and Cardiovascular Science, Sapienza University of Rome; 2Department of Molecular 
Medicine, Sapienza University of Rome; 3Rheumatology Clinic, Department of Medical and Rheumatological Science, ASST Gaetano 
Pini-CTO, Milan; 4Department of Clinical and Community Sciences, Department of Excellence 2023-2027, University of Milan; 
5Department of Rheumatology, IRCCS Ospedale Galeazzi- Sant’Ambrogio, Milan; 6Laboratory of Experimental Rheumatology and 
Academic Division of Clinical Rheumatology, Department of Internal Medicine, University of Genoa; 7IRCCS San Martino Hospital, 
Genoa; 8Rheumatology Unit, Department of Clinical and Molecular Sciences, Marche Polytechnic University, Ancona; 9Department of 
Medicine, University of Padua; 10Rheumatology Unit, San Camillo-Forlanini Hospital, Rome; 11Clinical and Research Section of 
Rheumatology and Clinical Immunology, Campus Bio-Medico University Hospital Foundation, Rome; 12Rheumatology and Clinical 
Immunology, Università Cattolica del Sacro Cuore, Rome; 13Rheumatology and Clinical Immunology, Fondazione Policlinico 
Universitario A. Gemelli, Rome; 14INI Group, Grottaferrata; 15Rheumatology, Allergology and Clinical Immunology, Department of 
Systems Medicine, University of Rome Tor Vergata, Rome; 16Rheumatology Unit, Frosinone Hospital, Italy 
*These authors contributed equally to this study. 
 

 Reumatismo - The Italian Journal of Rheumatology 

Reumatismo 2026; 78:2250 
doi:10.4081/reumatismo.2026.2250

                  [Reumatismo - The Italian Journal of Rheumatology 2026; 78:2250]                                    [page 19]

Key words: nailfold videocapillaroscopy, rheumatological diseases, education and training. 
 
Correspondence: Francesca Ingegnoli, Division of Rheumatology, ASST Gaetano Pini, Department of Clinical Sciences and Community Health, 
Università degli Studi di Milano, P.zza Cardinal Ferrari 1, 20122 Milan, Italy. Tel.: 0258296272. E-mail: francesca.ingegnoli@unimi.it  
 

©Copyright: the Author(s), 2026 
Licensee PAGEPress, Italy



Introduction 
Nailfold videocapillaroscopy (NVC) is a safe and reliable 

imaging technique widely used to evaluate microcirculation in 
patients with Raynaud’s phenomenon and connective tissue dis-
eases (CTDs) (1, 2). 

In systemic sclerosis (SSc), the recognition of the scleroderma 
pattern is part of the 2013 American College of 
Rheumatology/European League Against Rheumatism classifica-
tion criteria (3), and in clinical practice this technique plays a key 
role both in diagnosis and disease and treatment monitoring (4-6). 

Moreover, NVC has been proven to be a valuable tool in the 
management of idiopathic inflammatory myopathies (IIM). In par-
ticular, the presence of scleroderma-like patterns seems to be dis-
criminatory between IIM patients and SSc patients, and it has been 
suggested that NVC could be a biomarker for organ involvement 
and follow-up (7, 8). A scleroderma-like pattern is also present in 
about 30% of patients affected by mixed CTD, but its role as an 
outcome predictor is still to be understood (9). 

Capillary abnormalities have been found in patients affected 
by other CTDs, specifically systemic lupus erythematosus (10), 
undifferentiated CTD (11), anti-phospholipid syndrome (12), and 
Sjögren syndrome (13). Despite being less specific, they might be 
worth a longitudinal NVC evaluation, since endothelial damage 
might play a role in their pathophysiology (14). 

Moreover, frequent capillary abnormalities have been identi-
fied in psoriatic arthritis and rheumatoid arthritis, including 
enlarged and tortuous capillaries, angiogenesis, microhemor-
rhages, and even capillary loss (15, 16). 

Finally, recent data indicate that NVC is increasingly applied 
to conditions involving endothelial dysfunction, including diabetes 
mellitus, interstitial lung disease, pulmonary arterial hypertension, 
and hematological disorders, although findings are not yet stan-
dardized (17). An international survey demonstrated that NVC was 
the most widely used tool among rheumatologists dealing with 
microcirculation of CTDs, both in clinical practice and research 
settings (18). Therefore, a comprehensive training in the recogni-
tion of scleroderma patterns and scleroderma-like patterns, as well 
as in distinguishing normal NVC findings, is considered essential 
for all rheumatologists and is incorporated into the core specialist-
training curriculum across Europe (19). A survey conducted among 
members of the Scleroderma Clinical Trials Consortium in the 
United States showed that nearly 75% of specialists had received 
informal training or were self-taught (20). This further underscores 
a strong need for formal NVC education. 

In recent years, several NVC courses have been designed for 
both junior and senior rheumatologists; nevertheless, the evidence 
supporting their effectiveness is limited (21-24).  

Since 2004, European Alliance of Associations for 
Rheumatology Education has supported an annual intensive train-
ing program in NVC and, more recently, has introduced an online 
course on NVC and microcirculation (https://esor.eular.org/). 
Within Italy, NVC training has constituted a mandatory component 
of the ministerial rheumatology residency program for more than a 
decade. In 2025, the Italian Society of Rheumatology (SIR) 
launched its first Residential Course in NVC, designed as an on-
site program to be offered annually to first-year rheumatology res-
idents as part of their formal educational pathway. The present 
study aimed to assess the effectiveness of this initiative in strength-
ening residents’ theoretical knowledge and practical competencies 
on NVC. 

Material and Methods 

Study population 
As the course promoter, SIR invited all the first-year rheuma-

tology trainees to participate in a 2-day, on-site course. For the 
interested first-year trainees’ pre-registration was required. The 
opening course was held in Rome on May 29-30, 2025. 

Course design  
The faculty, serving as both lecturers and tutors, consisted of 

SIR members acknowledged for their national and international 
expertise in the field. As illustrated in Figure 1, the educational 
program comprised: a) a series of live theoretical lectures, lasting 
approximately three hours, delivered on the first day of the course 
(the complete program can be found in Supplementary Table 1); 
and b) three practical sessions, including: i) a live demonstration 
on healthy subjects conducted at the conclusion of the first day; ii) 
hands-on training sessions with volunteer patients affected by 
CTDs, lasting nearly two hours on the second day. Participants 
were organized into small groups to maintain a faculty-to-learner 
ratio of 1:7-8, thereby ensuring close supervision and individual-
ized instruction. Models displaying a range of capillaroscopic pat-
terns, including normal findings, were distributed across multiple 
NVC stations. Each group rotated through the stations, spending a 
minimum of 20 minutes at each one before proceeding to the next. 
Every trainee was afforded the opportunity to operate the NVC 
equipment and acquire images independently; iii) an interactive 
session comprising imaging presentations, followed by group dis-
cussions lasting approximately two hours on the second day. 

Study design 
This study (CAPSIR_9) was conceived and coordinated by the 

Study Group on Capillaroscopy of the SIR, as all faculty members 
serving as lecturers and tutors are affiliated with this group. The 
primary endpoint was to assess improvements in NVC competen-
cies by comparing the number of correct answers in a theoretical 
test administered before and after the course (see point “a” in the 
paragraph below). Secondary endpoints included: (i) a comparison 
of self-perceived confidence in NVC before and after the course, 
(ii) an evaluation of practical NVC skills at the conclusion of the 
training, and (iii) a final appraisal of overall course satisfaction 
(see points “b”, “c”, and “d” in the paragraph below). 

Data collection 
Prior to the beginning of the course, on the first day, partici-

pants were provided with a detailed briefing on both the course 
content and the study design. Demographic data, including gender, 
age, and center affiliation, were collected, along with information 
regarding previous theoretical and practical NVC experience. In 
addition, informed consent was obtained for the potential citation 
of participants’ names in subsequent publications. 

Pre- and post-course assessments of participants’ knowledge 
and confidence in NVC included: 
i. a questionnaire consisting of 15 multiple-choice questions 

(Supplementary Table 2). Each question had five answer 
options, with only one correct. Six questions assessed knowl-
edge of NVC methodology, reporting and usefulness (Q1, Q2, 
Q3, Q4, Q6, Q15), and nine questions assessed knowledge of 
NVC parameters and patterns (Q5, Q7, Q8, Q9, Q11, Q12, 
Q13, Q14). The correct answers to each question were not pro-
vided to the trainees until the post-course test was completed. 
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ii. a self-assessed evaluation of the perceived theoretical knowl-
edge on NVC, examined through a single question. 

Additional data, collected only on the second day, comprised: 
i. an interactive session designed to assess image analysis skills, 

during which participants answered 49 multiple-choice ques-
tions developed by faculty members and delivered via a QR 
code-based application.  

ii. a post-course satisfaction survey evaluating multiple dimen-
sions of the training program, using a 4-point Likert scale (1 = 
‘very little’; 4 = ‘very much’) (Supplementary Table 3). 
 

Statistical analysis 
Categorical data are presented as absolute and relative frequen-

cies, while continuous variables are expressed as mean and stan-
dard deviation. 

Changes in the proportion of correct answers on the written 
theoretical evaluation test were analyzed using McNemar’s test. To 

control the increased risk of type I error due to multiple compar-
isons, false discovery rate (FDR) correction was applied. Bowker’s 
test of symmetry was used to assess changes in the distribution of 
responses to the pre- and post-course self-evaluation question A 
p<0.05 was considered statistically significant. All statistical 
analyses were performed using RStudio software (version 4.4.3). 

 
 

Results 
A total of 82 first-year rheumatology trainees participated in 

the course, including 39 males (47.5%) and 43 females (52.4%). 
The participants were affiliated with training centers across 14 dif-
ferent Italian regions, with the highest number coming from 
rheumatology training programs located in Lombardy (n=16; 
19.5%) (Figure 2). The mean age of the participants was 27.7±2.45 
years. Among them, 71 trainees (86.6%) had never previously 
attended a theoretical course specifically dedicated to NVC, while 
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Figure 1. Course flow chart.
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Figure 2. Distribution of participants from different training program regions.



31 (37.8%) had never personally performed a NVC examination. 

Pre- and post-course written examination and self-
evaluation 

The written examination was composed of 15 questions. The 
percentage of pre- and post-course correct answers is shown in 
Figure 3 (see also Supplementary Table 4). Before the course, 
fewer than 50% of participants answered correctly to three ques-
tions (Q6, Q8, Q13), and fewer than 75% answered correctly to 
four questions (Q2, Q7, Q12, Q14). The remaining eight questions 
were correctly answered by more than 75% of participants, with no 
items scoring below 25% correct responses. 

After the course, correct response rates improved significantly 
for 12 of the 15 questions (McNemar test, FDR-adjusted p<0.05). 
In particular, the largest absolute improvement was observed for 
Q6 (31.7% to 92.7%, p<0.001). Substantial gains were also record-
ed for Q7 (71.9% to 100%, p < 0.001) and Q12 (70.7% to 97.5%, 
p<0.001). Questions Q8 (46.3% to 68.3%, 0.002) and Q13 (40.2% 
to 64.6%, p<0.001), which had low baseline performance, also 
showed notable increases. In the post-course test, all questions had 
corrected response rates above 50%, with only Q8 and Q13 
remaining below 75%. For the other 13 questions, correct respons-
es exceeded 90%. 

Global self-assessed confidence regarding theoretical knowl-
edge significantly increased following course attendance 
(Bowker’s test, p<0.001). Before the course, none of the partici-
pants rated their knowledge as excellent, while 7.3% reported no 
knowledge, 70.7% poor, and 21.9% satisfactory knowledge. After 
the course, all participants reported at least some level of knowl-
edge, with 6.1% rating it as poor, 79.2% as satisfactory, and 14.6% 
as excellent. 

A detailed analysis of individual transitions across categories 
revealed that most trainees who initially reported no or poor 
knowledge shifted to satisfactory or excellent levels after the 
course. Among those with no baseline knowledge, the majority 
improved to poor or satisfactory levels. Likewise, most partici-
pants with poor pre-course confidence progressed to satisfactory or 
excellent levels post-course, while nearly half of those who initial-
ly reported satisfactory knowledge reached the excellent category 
by the end (Figure 4 and Supplementary Table 5). 

Imaging interpretation test 
The imaging interpretation test consisted of 49 multiple-choice 

questions. Overall, the mean percentage of correct responses in the 
live assessment of imaging interpretation skills was 89.3%. 
Performance varied according to question type: the highest accura-
cy was observed in two-choice questions (96.5%), followed by 
three-choice (83.9%), five-choice (83.0%), and four-choice ques-
tions (82.4%). 

Satisfaction 
The satisfaction survey indicated a high overall satisfaction, 

with a mean score of 3.77 out of 4. Participants rated the extent to 
which their expectations were met with a mean of 3.66. Additional 
evaluated aspects included content relevance (mean 3.76), expect-
ed learning outcomes (mean 3.79), and materials provided (mean 
3.61). Figure 5 depicts the percentage distribution of responses to 
the satisfaction survey across the 4-point Likert scale. 

 
 

Discussion and Conclusions 
NVC is a non-invasive tool with a key role in the diagnosis and 

follow-up of SSc and other “scleroderma-related” diseases. It pro-
vides valuable information for monitoring disease progression and 
supporting therapeutic decisions. Accordingly, NVC is now con-
sidered an essential component of the rheumatologist’s core cur-
riculum, and in recent years, several educational and training ini-
tiatives on NVC have been successfully implemented worldwide. 

The first Italian NVC course for first-year residents in rheuma-
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Figure 3. Percentage of correct answers pre- and post-course 
attendance in the theoretical test.

Figure 4. Sankey plot showing the transition of pre- and post-
course self-assessed theoretical knowledge among first year 
trainees, expressed in percentage (Bower test, p<0.001).

Figure 5. Distribution of satisfaction survey responses.
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tology was highly appreciated by participants and, as shown in this 
study, proved to be successful in both objective and subjective pre- 
and post-course evaluations. The results demonstrated a significant 
overall increase in the percentage of correct answers on the written 
test after the course, confirming an improvement in theoretical 
knowledge. 

This finding was also observed for the two questions with the 
lowest percentage of correct answers prior to the course. Although 
the proportion of correct responses for these items remained below 
75%, it increased by at least 20%, thereby confirming the course’s 
effectiveness in enhancing not only well-established concepts but, 
more importantly, less familiar topics. 

Prior to the course, none of the participants rated their knowl-
edge as excellent, and nearly 80% reported poor or no knowledge. 
By the end of the course, more than 90% of trainees assessed their 
NVC knowledge as satisfactory or excellent. This improvement in 
self-perceived knowledge was consistent with the objective test 
results. A further indicator of the course’s effectiveness was the 
acquisition of imaging interpretation skills: participants correctly 
answered more than 89% of the questions in the live interactive 
test. 

The course was also highly rated, with a mean satisfaction 
score of 3.77 out of 4. Several aspects were positively evaluated, 
including fulfillment of trainees’ expectations, the relevance of the 
content, the clarity of learning objectives, and the quality of the 
materials provided. 

Among these, the use of a smartphone-based delivery applica-
tion was of particular interest. This modern, user-friendly, and reli-
able system allowed participants to answer questions via QR code 
and enabled tutors to rapidly assess knowledge acquisition, further 
enhancing overall satisfaction. 

Other relevant organizational aspects included close and per-
sonalized supervision by faculty members, small-group hands-on 
sessions, and rotation through multiple practical stations with 
patients to be examined. This latter feature enabled residents to 
perform and interpret NVC images from both healthy and patho-
logical volunteers, thus covering almost all possible NVC patterns. 
All these elements represent key teaching and learning strategies. 

This differs from videocapillaroscopy training courses that 
have been the subject of previous studies. In 2023, an international  
Nailfold Capillaroscopy Online Training workshop was the focus 
of a study evaluating participants’ ability to distinguish scleroder-
ma from non-scleroderma patterns using the Fast Track algorithm 
(24). The results showed good inter- and intra-rater agreement; 
however, the more practical aspects involved in performing the 
capillaroscopy examination were not addressed, given the online 
format of the course. The participants did not perform the exami-
nation on live patients and therefore could not interpret images in 
a real-life setting and face the challenges of a more realistic simu-
lation. 

The homogeneous level of expertise among participants and 
sample size also represent a strength of this course compared to 
other training programs described in previous studies. In 2012, a 
pilot study tested the efficacy of an intensive training program 
involving four rheumatologists with different levels of experience 
(22), whereas in 2009, the efficacy of a self-taught course was 
evaluated by following the learning curve of a single specialist 
trainee with no prior experience in capillaroscopy (21).  

Both studies demonstrated that the training programs were 
effective, but further confirmation was needed. It should also be 
noted that participants of the first Italian NVC course came from 
all Italian rheumatology training programs, reflecting the general 
baseline knowledge of first-year rheumatology residents across the 

country. Interestingly, nearly 38% of trainees had never personally 
performed a NVC examination, despite this being a mandatory 
skill for rheumatologists according to the national training guide-
lines.  

Considering that these participants are first-year residents who 
will likely perform NVC in the coming years, it would be reason-
able to establish a regular annual NVC theoretical and practical 
course at the beginning of the training program. 

Besides, the approach of this NVC course is fully consistent 
with the SIR’s goal of offering annual specialized courses to all 
Italian rheumatology trainees, aimed at strengthening both theoret-
ical and practical mandatory skills through the involvement of 
national and international experts. 

To reach a broader audience, it may be advisable to develop a 
hybrid format, with theoretical lectures delivered online (either 
live or pre-recorded), while necessarily including an in-person 
component to allow participants to perform hands-on capil-
laroscopy. It could also be interesting to compare these two meth-
ods to evaluate their effectiveness in skill acquisition as well as to 
plan a long-term revaluation to measure skill-acquisition retention 
and application in clinical practice. Finally, an upcoming improve-
ment of the course will be interactive discussion of real clinical 
cases in order to highlight how the participants’ performance can 
translate into clinical decision-making. 

In conclusion, adequate NVC training should be regarded as an 
essential component of the rheumatologist’s educational portfolio. 
A dedicated course could help Italian academic rheumatology 
schools to train young fellows not only to perform NVC but also 
to accurately interpret images and related reports in their daily clin-
ical practice. 
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