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Abstract: Background: Our aim was to understand how musculoskeletal training is structured in
Italian residency programmes and the needs of young trainees. Methods: We sent out an online
questionnaire (17 questions) to Italian Society of Radiology residents and board-certified radiologists
aged up to 39 years. Results: A total of 1144 out of 4210 (27.2%) members participated in the survey;
64.7% were residents and 35.3% were board-certified radiologists. Just 26.6% of participants had
dedicated rotations for musculoskeletal training during their residency, although this percentage sub-
stantially increased in replies from northern Italy. One-fourth of residents had a scheduled period of
musculoskeletal ultrasound. Most participants (76.3%) had <20 h per year of musculoskeletal lessons.
The majority considered their musculoskeletal education poor (57.7%) or average (21.9%). According
to 84.8% of replies, no dedicated training period about interventional musculoskeletal procedures
was scheduled. Further, just 12.8% of residents took active part in such interventions. Nearly all
participants believed that the musculoskeletal programme during residency needs to be improved,
particularly concerning practices in ultrasound (92.8%), MRI cases interpretation/reporting (78.9%),
and practice in ultrasound-guided interventional procedures (64.3%). Conclusions: Despite some
differences in the structure of musculoskeletal education provided by different regions, there is a
shared demand for improvement in musculoskeletal training.

Keywords: training; education; musculoskeletal radiology; ultrasound; MRI; interventional radiology

1. Introduction

In the era of precision medicine, we are witnessing a constant shift toward more sub-
specialised physicians and clinical activities, which is something occurring in all fields of
radiology, particularly in musculoskeletal (MSK) imaging [1-3]. This is probably due to
the ongoing introduction of novel technologies, the improvements in knowledge, and the
increasing expectations of other specialists for more and more accurate diagnosis through
imaging [4-8]. Hence, the improved performance of musculoskeletal radiologists goes hand
in hand with the increased demands and needs of other physicians. This evolution concerns
both diagnostic and interventional radiology, with the latter involving more precise and new
percutaneous interventions that enable us to treat patients non-invasively, in some cases also
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replacing surgical procedures [9-14]. The importance of a constant update and training is
proven by a previous study, which revealed that musculoskeletal scans account for more
than 70% of all magnetic resonance examinations performed in Italy [15]. In this setting,
musculoskeletal education and training during residency is essential to guarantee high-quality
radiology practice and research [4,16,17].

In Italy, there is no standardised residency programme throughout the national territory,
with almost 40 schools of radiology that build up the educational residency programmes.
However, the Italian Ministry of Education, Universities and Research, has provided prerequi-
sites for residency training, including musculoskeletal training, with a minimal number of
reports/procedures that should be performed by the resident each year and during the entire
residency [18]. Hence, it is expected to see wide variations between different schools and
regions in the ways that they teach and learn musculoskeletal radiology, with programmes
that are also based on the local needs of a regional healthcare system. Indeed, the Italian health
service is organised with integrated public and private healthcare providers on a regional
basis, with planning and organisation being delegated to each region under the supervision
of national governments that provide recommendations and requirements. In this setting, the
Italian College of Musculoskeletal Radiology, a subsection of the Italian Society of Radiology
(SIRM), comprises more than 2000 members (out of 11,000 SIRM members) and delivers
musculoskeletal education to Italian radiologists with conferences, webinars, and position
papers, supporting the activities of the schools of residency [19].

Recently, an international survey published by the Young Working Group of the
European Society of Musculoskeletal Radiology (ESSR) has highlighted the significant
differences in the structure of musculoskeletal training in different countries, reporting the
emerging interest from young residents and the urgency of education improvement [20].
To date, no previous studies have thoroughly investigated the models of musculoskeletal
education in the different Italian regions. Thus, the aim of this national survey was to
understand how musculoskeletal training is structured in residency programmes and the
needs of young trainees, to provide insights regarding possible new teaching methods and
interventions to spread knowledge about musculoskeletal radiology.

2. Materials and Methods
2.1. Study Design

We did not need Institutional Review Board approval to publish these data, since no
patients were involved in the study. The questionnaire was developed by the participating
panelists using a consensus process, where new questions were proposed and agreed in
consensus by 7 panel members who are actively involved in activities promoted by the Italian
College of Musculoskeletal radiology. The questionnaire was focused on training and self-
perception of young board-certified radiologists and residents involved in musculoskeletal
imaging and interventional procedures to understand whether and what kind of gaps exist
in training programmes. The poll was approved by the SIRM Board Committee on 21 April
2023. The questionnaire was disseminated via email to all SIRM members under the age of
40 years (4210 members) on 27 April 2023. After one week, another email was sent out as a
reminder and the survey was closed on 7 May 2023. In line with previous surveys, we used
the free online tool “Google Forms” (Google LLC, Mountain View, CA, USA) to create the
questionnaire and collect answers [17,20,21]. This poll consisted of 17 questions, of which
fifteen required unique answers or multiple-choice selections, whilst two questions requested
entering a free-text response.

2.2. Data Analysis

Answers were collected via Google Forms and were managed in aggregated form to
ensure anonymity. The dataset was analysed by two radiologists with previous expertise
in survey studies (D.A. and C.M.). Descriptive statistics were used; data and response rates
were expressed as means and percentages. A sub-analysis was performed that compared
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replies from the three Italian macroregions (north, central, and south and islands). We
further analysed data related to the top five Italian regions with the highest response rates.

3. Results

A total of 1144 replies from 4210 (27.2%) SIRM members under 40 years were included
in our analysis, of which 64.7% were from residents (mean age of 29.5 & 2.6 years) and 35.3%
from board-certified radiologists (mean age of 34.8 £ 3.9 years). The full list of questions and
answers is reported in Table 1. The total number of answers, stratified by region of residency, is
summarised in Table 2. The top five represented Italian regions of residency were Lombardia
(14.2%), Sicilia (14.0%), Lazio (9.8%), Toscana (9.8%), and Veneto (9.5%) (Table 2). The most
heterogeneous responses from these five regions and from the three Italian macroregions
(north, central, and south and islands) are reported in Tables 3 and 4, respectively.

Table 1. Full list of questions and answers (total participants = 1144).

Question

Total Answers

Answer

1. How old are you? (years)

1144/1144 (100%)

Mean: 31.4 +£ 4
(Range: 24-34)

2. Where are you attending (or have you attended) your
radiology training? (Italian region)

1140/1144 (99.7%)

See Table 2

Resident: 740/1144 (64.7%)

3. Are you a resident or a board-certified radiologist? 1144/1144 (100%) Board-certified radiologist: 404/1144 (35.3%)
University hospital: 760/1142 (66.6%)
4. What type of hospital do you work in? 1142/1144 (99.8%) Public hospital: 304/1142 (26.6%)
Private clinic: 78/1142 (6.8%)
No dedicated MSK training period is scheduled in our
programme: 420/1142 (36.8%)
5. During your residency, how is the MSK training o We learn MSK radiology scattered during our residency:
organized? 1142/1144 (99.8%) 41871142 (36.6%)
We have a dedicated rotation for different subspecialties,
included MSK radiology: 304/1142 (26.6%)
Between 3 and 6 months: 160/300 (53.3%)
6. If a dedicated rotation in MSK radiology is scheduled, 300/304 (98.7%) Less than 3 months: 96/300 (32.0%)
how long does it last? e Between 6 month and year: 28/300 (9.3%)
More than 1 year: 16/300 (5.3%)
Residents rotate among the different imaging modalities:
. 424/666 (63.7%)
7. H t structured? %
OW i T STUCTTe 666/1144 (58.2%) Residents are assigned to a specific imaging modality (e.g.,
MR, ultrasound): 242 /666 (36.3%)
8. Do you have a dedicated training period in MSK o No: 842/1126 (74.8%)
ultrasound during your residency? 1126/1144 (98.4%) Yes: 284/1126 (25.2%)
. . <20 h: 816/1070 (76.3%)
9. How many hours of MSK radiology teaching are 1070/1144 (93.5%) 40 h: 128/1070 (11.9%)

scheduled during your residency?

20-40 h: 126/1070 (11.8%)

10. Who plays/played a crucial role in your MSK training?

1020/1144 (89.2%)

Senior consultants: 456/1020 (44.7%)
Other residents: 208/1020 (20.4%)
Junior specialists: 204 /1020 (20.0%)
University Professor: 152/1020 (14.9%)

11. How would you rate your overall MSK knowledge?

1140/1144 (99.7%)

Poor: 658/1140 (57.7%)
Average: 250/1140 (21.9%)
Good: 144/1140 (12.6%)
Very good: 54/1140 (4.7%)
Excellent: 34/1140 (3.0%)
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Table 1. Cont.

Question Total Answers Answer

Daily clinical practice (under supervision): 1052/1140
(92.3%)
1140/1144 (99.7%) Dedicated courses and congresses: 544/1140 (47.7%)
E-learning platforms: 446/1140 (39.1%)
Clinical case-based presentations: 386/1140 (33.9%)

No: 950/1120 (84.8%)

12. How would you prefer to learn MSK radiology?
(Multiple answers)

13. Do you have a dedicated training period in MSK

interventional radiology during your residency? 1120/1144 (97.9%) Yes: 170/1120 (15.2%)
No interventional MSK procedures are/were performed in

14. How did/do you take part in interventional MSK 1000/1144 (87.4%) my institution: 588/1000 (58.8%)

procedures during your residency? ’ As observer: 284/1000 (28.4%)

Actively involved: 128/1000 (12.8%)

15. Do you think that MSK training should be improved in o Yes: 1062/1132 (93.8%)

your residency programme? 1132/1144 (98.9%) No: 70/1132 (6.2%)

Ultrasound practice: 1004/1082 (92.8%)
MRI interpretation and reporting during daily clinical
practice: 854/1082 (78.9%)
Ultrasound-guided procedures practice: 696/1082 (64.3%)
Formal lectures: 654 /1082 (60.4%)

16. If yes, which area of MSK training should be MSK case presentation and discussion: 580/1082 (53.6%)

improved? (Multiple answers) 1082/1144 (94.6%) CT interpretation and reporting during daily clinical

practice: 572/1082 (52.9%)
CT-guided procedures practice: 506/1082 (46.8%)
Dedicated courses and congresses: 496/1082 (45.8%)
E-learning platforms: 450/1082 (41.6%)
Practice in fluoroscopy-guided procedures: 350/1082
(32.4%)

17. Have you carried out/Do you think you will need to Yes: 776/1138 (78.2%)

carry out a training period in a MSK dedicated center 1138/1144 (99.5%) I am not sure: 214/1138 (18.8%)

(national or foreign)? No: 148/1138 (13.0%)

Table 2. Number of answers stratified by the region of origin of the residency programme.

Region of the Residency Programme Total Answers
Lombardia * 162
Sicilia 160
Lazio § 112
Toscana § 112
Veneto * 108
Piemonte * 84
Emilia Romagna * 72
Campania ¥ 58
Abruzzo ¥ 56
Molise 50
Umbria § 46
Puglia ¥ 42
Friuli Venezia Giulia * 30
Liguria * 16
Sardegna ¥ 14
Calabria ¥ 10
Marche § 8

* Northern Italy; ¥ Southern Italy and islands; § Central Italy.



Diagnostics 2024, 14, 40

50f13

Table 3. The 8 most significant questions, according to the 5 most represented regions of the survey.

Question Answers Lombardia Sicilia Lazio Toscana Veneto
We have a dedicated
rotation for different 130/162 18/158 20/112 40/112 6/108
subspecialties, included (80.3%) (11.4%) (17.9%) (35.7%) (5.5%)
MSK radiology
5. During your residency, how is the .
MSK training organized? We learn MK radiology 28/162 32/158 50/112 38/112 52/108
scattered 80 (17.3%) (20.3%) (44.6%) (33.9%) (48.2%)
residency
No dedicated MSK raining 4162 108/158 42/112 34/112 50/108
perod s seheduiedm ou (2.5%) (68.3%) (37.5%) (30.4) (46.3%)
programme
48/130 12/18 14/20 8/40 2/6
Between 3 and 6 months (36.9%) (66.7%) (70.0%) (20.0%) (33.3%)
88/130 4/18 6/20 32/40 2/6
6. If a dedicated rotation in MSK Less than 3 months (67.7%) (22.2%) (30.0%) (80.0%) (33.3%)
radiology is scheduled, how long does 12/130 2/18 0/20 0740 0/6
itlast? Between 6 month and year (9.2%) (11.1%) (0.0%) (0.0%) (0.0%)
2/130 0/18 0/20 0/40 2/6
More than 1 year (1.5%) (0.0%) (0.0%) (0.0%) (33.3%)
) o N 80/160 120/156 96/110 90/110 104/108
8. Do you have a dedicated training © (50%) (76.9%) (87.3%) (81.8%) (96.3%)
per-lf{d - 1?\/151< ltrasound during your 80/160 36/156 14/110 20/110 4/108
residency?
Y Yes (50%) (23.1%) (12.7%) (18.2%) (3.7%)
<0h 102/160 124/140 84/104 82/98 96/104
(63.8%) (88.6%) (80.8%) (83.7%) (92.3%)
9. How many hours of MSK radiology
teaching are scheduled during your 20-40h (2145/33(; 1(3/1};? 1((9)/6})/0;1 &8/22/8) 213/91‘34)
residency? B o . o B o .. o . o
S40h 34/160 6/140 10/104 6/98 4/104
(21.2%) (4.3%) (9.6%) (6.1%) (3.9%)
Poor 54/162 106/158 58/112 86/112 80/108
(33.3%) (67.1%) (51.8%) (76.8%) (74.1%)
Average 42/162 22/158 28/112 20/112 20/108
8 (25.9%) (13.9%) (25.0%) (17.9%) (18.5%)
11. How would you rate your overall Good 36/162 18/158 14/112 4/112 6/108
MSK knowledge? (22.2%) (11.4%) (12.5%) (3.6%) (5.6%)
20/162 8/158 10/112 2/112 0/108
Very good (12.4%) (5.1%) (8.9%) (1.8%) (0.0%)
Excellent 10/162 4/158 2/112 0/112 2/108
(6.2%) (2.5%) (1.8%) (0.0%) (1.9%)
. N No 120/160 146/156 106/112 88/108 106/106
13. Dg you! };ze a dedicated ltrammg (75.0%) (93.6%) (94.6%) (81.5%) (100%)
period in interventiona
radiology during your residency? Yes 40/ 1? 0 10/ },56 6/ 101 2 20/ 19 8 0/ 1? 0
(25.0%) (6.4%) (5.4%) (18.5%) (0.0%)
N‘;:C‘;r:reer::ﬁ;jlwl\grseK 54/152 84/130 80/94 40/96 84/94
D /were (35.5%) (64.6%) (85.1%) (41.7%) (89.4%)
14. How did/do you take part in performec In my institution
interventional MSK procedures during As observer 68/152 40/130 10/94 38/96 10/94
your residency? (44.7%) (30.7%) (10.6%) (39.6%) (10.6%)
. . 30/152 6/130 4/94 18/96 0/94
Actively involved (19.7%) (4.6%) (4.3%) (18.8%) (0.0%)
. L Yes 128/158 156/158 110/112 106/110 108/108
15. Do you think that MSK training (81.0%) (98.7%) (98.2%) (96.4%) (100%)
should be 1rr?1pr0ved in your residency 30,158 27158 2112 2110 07108
rogramme?
prog No (19.0%) (1.3%) (1.8%) (3.6%) (0.0%)
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Table 4. The 8 most significant questions, according to the three Italian macroregions.

Question

Answers

Northern Italy,
n =472 (41.3%)

Central Italy,
n =278 (24.3%)

Southern Italy and
Islands,
n =394 (34.4%)

We have a dedicated rotation

for different subspecialties, 1(22 /040/7)2 (6201/5038) (4161/;32)
included MSK radiology e o7 e
5. During your residency, .
- e We learn MSK radiology 164/472 102/278 152/392
};ng/\;;?zt:g?MSK training scattered during our residency (34.7%) (36.7%) (38.8%)
No dedicated M5K training 110/472 116/278 194/392
P (23.3%) (41.7%) (49.5%)
programme
62/196 22/60 12/44
Between 3 and 6 months (31.6%) (36.7%) (27.3%)
. . 112/196 38/60 10/44
_6. Ifa dedlc_ated rotation Less than 3 months (57.1%) (63.3%) (22.7%)
in MSK radiology is
§chedu1ed, how long does Between 6 month and vear 16/196 0/0 12/44
it last? y (8.2%) (0.0%) (27.3%)
6/196 0/0 10/44
More than 1 year (3.1%) (0.0%) (22.7%)
s oo . i e o
dedicated training period (68.1%) (86.0%) (74.9%)
in MSK ultrasound during Y 148/464 38/272 98/390
your residency? ©s (31.9%) (14.0%) (25.1%)
<0h 340/452 212/250 264/368
9. How many hours of (75.2%) (84.8%) (71.7%)
MSK radiology teaching 2040 h 56/452 22/250 48/368
are scheduled during your (12.4%) (8.8%) (13.1%)
i ?
residency? 10k 56/452 16/250 56/368
(12.4%) (6.4%) (15.2%)
Poor 250/470 186/278 222/392
(53.2%) (66.9%) (56.6%)
110/470 56/278 84/392
Average (23.4%) (20.1%) (21.4%)
11. How would you rate
your overall MSK Good 70/407 0 22/%78 52/309 2
knowledge? (14.9%) (7.9%) (13.3%)
24/470 12/278 18/392
Very good (5.1%) (4.3%) (4.6%)
Excellent 16/470 2/278 16/392
cete (3.4%) (0.7%) (4.1%)
13. Do you have a
dedicated training period No %Sg/;,f;) 2(;1865,/7)2 iég/()%/sf
in MSK interventional e e o
radiology during your y 74/460 26/272 70/388
residency? €s (16.1%) (9.6%) (18.0%)
I\;‘;;Icl;r;reef;‘;:';ﬂwlfrseK 222/426 156/232 210/342
14. How did/do you take performed in my institution (52.1%) (67.2%) (61.4%)
ptin et NS e a2 s 03
fesi dency? &Yy (33.3%) (22.4%) (26.3%)
. . 62/426 24/232 42/342
Actively involved (14.6%) (10.3%) (12.3%)
15. Do you believe that Yes 43;1/740/68 223/82"/74 382/330;90
MSK training should be (92.7%) (07.8%) (92.3%)
improved in your N 34/468 6/274 30/390
residency programme? © (7.3%) (2.2%) (7.7%)
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Among the board-certified radiologists, 27.2% of them stated they worked at university
hospitals, 55.9% at public hospitals, and 16.8% at private clinics, while 88.1% of residents were
training at university hospitals, 10.5% at public hospitals, and 1.4% in private clinics. Just 26.6%
of participants had dedicated rotations for musculoskeletal training during their residency,
with only 14.6% having reported a period longer than 6 months. In almost two-thirds of cases
(63.7%), residents rotated in the different musculoskeletal imaging modalities instead of being
assigned to a specific modality. In this regard, just one-fourth of residents had a scheduled
period for musculoskeletal ultrasound. The vast majority of participants (76.3%) had <20 h per
year of musculoskeletal lessons during their residency and 65.1% referred to senior consultants
or junior specialists for their training. Most participants considered their musculoskeletal
education poor (57.7%) or average (21.9%) and almost all of them stated they would like
to learn musculoskeletal radiology with routine daily reporting under supervision (92.3%).
According to 84.8% of replies, there was no dedicated training period about interventional
musculoskeletal procedures. Further, just 12.8% of residents took active part in such interven-
tions. Nearly all participants believed that the musculoskeletal programme during residency
needs to be improved, particularly concerning practice in ultrasound (92.8%), MRI cases
interpretation/reporting (78.9%), and practice in ultrasound-guided interventional procedures
(64.3%). Lastly, 78.2% of participants felt the need to or had to carry out a musculoskeletal
training period in other national or international referral centres.

Questions #5 (structure of musculoskeletal training), #8 (dedicated training period of
musculoskeletal ultrasound), #9 (allocation of hours to musculoskeletal radiology teaching),
#11 (rating of musculoskeletal education), #13 (dedicated training period in musculoskeletal in-
terventions), #14 (involvement in interventional procedures), and #16 (needs for improvement
in musculoskeletal training) have been reported in graphics (Figures 1-7, respectively).

Question 5.
During your residency, how is the MSK training organized?

36.6%
(418/1142)

26.6%
(304/1142)

36.8%
(420/1142)

B No dedicated MSK training period is scheduled

B We learn MSK radi during our resit

We have a dedicated rotation for MSK radiology
Figure 1. Graphical distribution of replies to question 5.

Question 8.
Do you have a dedicated training period in MSK
ultrasound during your residency?

25.2%
(284/1126)

74.8%
(842/1126)

H Yes ® No

Figure 2. Graphical distribution of replies to question 8.
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Question 9.
How many hours of MSK radiology teaching are scheduled
during your residency?

11.9%
(128/1070)

76.3% 11.8%
(816/1070) (126/1070)
B <20 hours B >40hours 20-40 hours

Figure 3. Graphical distribution of replies to question 9.

Question 11.
How would you rate your overall MSK knowledge?

21.9%
(250/1140)

12.6%
(144/1140)

47%
(54/1140)

‘3‘0%

(34/1140)

57.7%
(658/1140)

EPoor HAverage Good mVery good M Excellent

Figure 4. Graphical distribution of replies to question 11.

Question 13.
Do you have a dedicated training period in MSK
interventional radiology during your residency?

15.2%
(170/1120)

84.8%
(950/1120)

o Yes m No

Figure 5. Graphical distribution of replies to question 13.
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Question 14.
How did/do you take part in interventional MSK procedures
during your residency?

28.4%
(284/1000)

12.8%
(128/1000)

58.8%
(588/1000)

£

Il No interventional MSK procedures are/were performed in my institution
M As observer

Actively involved

Figure 6. Graphical distribution of replies to question 14.

Question 16.
Which area of MSK training should be improved? (Multiple answers)

92.8% (1004/1082)

Ultrasound practice

MR interpretation and reporting in daily practice 78.9% (854/1082)

Ultrasound-guided procedures practice 64.3% (696/1082)

Formal lectures 60.4% (654/1082)

MSK case presentation and discussion 53.6% (580/1082)

CT interpretation and reporting in daily practice 52.9% (572/1082)

CT-guided procedures practice 46.8% (506/1082)

Dedicated courses and congresses 45.8% (496/1082)

E-learning platforms 41.6% (450/1082)

Practice in fluoroscopy-guided procedures 32.4% (350/1082)

100 200 300 400 500 600 700 800 900 1000

(=]

Figure 7. Graphical distribution of replies to question 16.

4. Discussion

We have collected the replies of more than 25% of board-certified radiologists and
radiology residents from different Italian regions who are SIRM members under the age of
40 years, thereby gathering an interesting report of education and training in musculoskele-
tal radiology across Italy. The main findings of this survey are the substantial heterogeneity
of residency programmes in the different schools and the demands for improvement of ra-
diology training, particularly for what concerns ultrasound and interventional procedures.

Almost two-thirds of responses were from residents; most of them were practicing in
university hospitals and just a minority in public institutions, while a negligible number
was working in private clinics. Regarding young board-certified radiologists, more than
half of them were working in public hospitals and more of one-fourth in university hospital,
which are preferred to private clinics, probably because the former are better geared to
accommodate research, academia and access to more advanced technology.
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Overall, our analysis shows that not enough space is guaranteed to musculoskeletal
education in residency programmes. Indeed, dedicated musculoskeletal training has only
been reported in about one-fourth of cases, mostly for a short time (less than six months).
The lack of musculoskeletal education is also proven by the short period of musculoskeletal
teaching included in residency programmes. A comprehensive and thorough musculoskele-
tal radiology education is essential for both general and sub-specialised radiologists, given
that the former may deal with musculoskeletal examination in emergency departments
or outpatient scans, while the latter must support clinical activity of highly specialised
orthopaedists, rheumatologists, and other physicians in referral centres [22]. Notably,
authors have highlighted that subspecialists are more accurate in about 80% of reports than
general radiologists, particularly concerning oncologic examinations [3]; this is something
that was also highlighted by Rozenberg and associates in reporting scans about muscu-
loskeletal tumours [23]. Further, authors have shown that young trainees who underwent
a dedicated musculoskeletal training period substantially improved their performance in
bone densitometry interpretation, thereby impacting the start of osteoporosis treatment
with drugs [24].

Residents mostly referred to senior or junior colleagues for their training, probably
due to their preference to learn clinical practice and reporting under the supervision of
more experienced consultants, rather than frontal lessons, e-learning platform, and courses.
When dedicated musculoskeletal training periods were planned, residents generally were
not assigned to a specific imaging modality. Further, the vast majority of them had not
undergone a dedicated training period focused on musculoskeletal ultrasound and image-
guided interventional procedures, in which young trainees have been actively involved
in about 10% of cases. In fact, the majority of participants rated their musculoskeletal
education poor-to-average and believed their residency programme should be improved,
particularly concerning ultrasound, MRI cases interpretation/reporting, and practice in
interventional procedures. The urge of improvement of musculoskeletal training pro-
grammes is also proven by the huge number of young board-certified radiologists and
residents (almost 80%) that stated to need or had to carry out a training period in national
or international referral centres for musculoskeletal imaging. Ultrasound plays a crucial
role in musculoskeletal imaging, but it is challenging and requires in-depth training and
practice [25-27]. Further, it can potentially be used by all physicians, making this technique
very attractive [28]. According to a recent study, radiology residency programmes in the
United States include less education periods dedicated to musculoskeletal ultrasound than
residents of other specialties (i.e., physical medicine and rehabilitation, sports medicine,
and rheumatology), although the established role of sonographers in the United States
should be underlined [29]. On the other hand, recent studies have shown how ultrasound-
guided musculoskeletal interventions are widely performed by radiologists in European
countries, where ultrasound is often preferred to other imaging modalities for guiding
articular injections [30-33]. Notably, the Italian College of Musculoskeletal Radiology is
constantly active in supporting musculoskeletal training of radiologists involved in ded-
icated courses, conferences, and recommendations [34], as is also the case for the ESSR
in an international setting [35-37]. Nevertheless, there is an urge to further improve the
musculoskeletal training of young trainees to meet the demands and expectations of the
radiologists of tomorrow. This issue has also been reported by a recent international survey
about musculoskeletal education that highlighted how musculoskeletal training was vari-
able in content and structure across the different countries, with limited space granted to
musculoskeletal ultrasound and interventions [20,38]. In this regard, the ESSR provides a
specialised qualification (European Diploma in Musculoskeletal Radiology—EDiMSK) of
skills in reporting musculoskeletal examinations and interventional procedures to stimulate
training of subspecialised musculoskeletal radiologists [39]. Further, the ESSR and the
European Society of Radiology provide grants to young trainees to train and improve their
skills through scholarships in referral centres [40]. These are just examples and possible
options to enhance the musculoskeletal training of Italian board-certified radiologists and



Diagnostics 2024, 14, 40

11 0f 13

residents, supporting education through established certifications after highly specialised
masters and improving national exchange programmes, with standardised fellowship
programmes [41,42].

The sub-analysis of replies received from the top five most represented regions and the
three macroregions was conducted due to well-known differences throughout the country,
including social, economic, technological, and political differences that can be observed
moving from northern to southern regions, which have an impact on universities and
healthcare institutions. The sub-analysis did not show substantial differences throughout
the country. Just a few differences deserve to be highlighted concerning the dedicated
rotations for musculoskeletal training during residency. Indeed, it seems that a dedicated
period is mostly included in Northern residency programmes (42%), particularly in Lom-
bardia (80% of participants), where the overall rate of musculoskeletal knowledge has been
reported to be higher than in the other most represented regions, where a dedicated muscu-
loskeletal period was reported by 5-35% of participants. Notably, almost all participants
from Veneto reported having no dedicated training period focused on musculoskeletal
ultrasound and interventional procedures during their residency. However, regardless of
the subtle discrepancies across the different schools, the vast majority of responders agreed
on the need for improvement of musculoskeletal education in residency programmes.

A few limitations of this survey must be pointed out. First, this was not an all-inclusive
survey, since we did not consider a number of factors related to different regional health
service systems. Further, some Italian regions were under-represented, with no answers
received from three regions (Valle d”Aosta, Trentino-Alto Adige, Basilicata). Nevertheless,
the overall high number and response rate allowed us to provide an interesting snapshot
of residents and young board-certified radiologists involved in musculoskeletal training
in Italy.

5. Conclusions

Despite some differences in the structure of musculoskeletal education provided by
different regions, there is a shared demand for improvement in musculoskeletal training,
especially regarding ultrasound, MRI reporting, and interventional procedures, as proven
by the large proportion of participants who perceived their musculoskeletal education as
inadequate or average, highlighting the need for improvement. Recommendations and
possible steps of actions should be discussed and adopted by the SIRM, and measures
should be included in residency programmes. Indeed, more space should be given to mus-
culoskeletal education in training programmes of residents, increasing the time considered
for dedicated musculoskeletal rotations and the allocation of hours to musculoskeletal
lessons. In particular, more time could be dedicated to some practical activities like ul-
trasound and interventional procedures that require active involvement from trainees.
It is reasonable that not all schools of radiology may provide high-quality education on
all subspecialties of radiology, including these highly specialised activities. Thus, SIRM,
through its musculoskeletal section (the Italian College of Musculoskeletal Radiology),
might be supportive by promoting travelling courses and educational activities to spread
knowledge and skills throughout the country.

Author Contributions: D.A. and C.M. designed the study and wrote the manuscript. S.F. collected
and analyzed the data. M.Z., LM.S., A.G. and A.A. made substantial contributions to the design
of the study, reviewed, and edited the final manuscript. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: We did not need Institutional Review Board approval to
publish these data, since no patients were involved in the study.

Informed Consent Statement: Not applicable.



Diagnostics 2024, 14, 40 12 of 13

Data Availability Statement: The data presented in this study are available upon reasonable request
from the corresponding author.

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

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

Rosenkrantz, A.B.; Hughes, D.R.; Duszak, R. Increasing Subspecialization of the National Radiologist Workforce. J. Am. Coll.
Radiol. 2020, 17, 812-818. [CrossRef] [PubMed]

Zabel, A.OJ.; Leschka, S.; Wildermuth, S.; Hodler, J.; Dietrich, T.J. Subspecialized radiological reporting reduces radiology report
turnaround time. Insights Imaging 2020, 11, 114. [CrossRef] [PubMed]

Verma, N.; Pacini, G.S.; Torrada, J.P.; de Oliveira, D.M.; Zanon, M.; Marchiori, E.; Mohammed, T.-L.; Hochhegger, B. Subspecialized
radiology reporting: Productivity and impact on the turnaround times for radiology reports in a middle-income country. Radiol.
Bras. 2020, 53, 236-240. [CrossRef] [PubMed]

Hiemstra, L.A.; Forster, B.B.; Walker, R.E.A. Musculoskeletal Radiology Practice Subspecialization in Canada: A Subject of
Substance? Semin. Musculoskelet. Radiol. 2018, 22, 522-527. [CrossRef] [PubMed]

Chalian, M.; Del Grande, F,; Thakkar, R.S.; Jalali, S.F.; Chhabra, A.; Carrino, ]J.A. Second-Opinion Subspecialty Consultations in
Musculoskeletal Radiology. Am. . Roentgenol. 2016, 206, 1217-1221. [CrossRef] [PubMed]

Burstein, D.; Mitchell, R.; Brown, E.; Gray, M.L. Supplemental educational program to heighten the impact of research—An
opportunity for OA imaging. Osteoarthr. Imaging 2023, 3, 100155. [CrossRef] [PubMed]

Karantanas, A.; Maas, M. Creating a leadership course: First experiences with the musculoskeletal.avatar train the future project.
Eur. ]. Radiol. 2022, 155, 110330. [CrossRef]

Palmer, W.; Bancroft, L.; Bonar, F; Choi, J.-A.; Cotten, A.; Griffith, J.F.; Robinson, P.; Pfirrmann, C.W. Glossary of terms for
musculoskeletal radiology. Skelet. Radiol. 2020, 49, 1-33. [CrossRef]

Sconfienza, L.M.; Adriaensen, M.; Alcala-Galiano, A.; Allen, G.; Gémez, M.P.A.; Aringhieri, G.; Bazzocchi, A.; Beggs, 1.; Chianca,
V.; Corazza, A.; et al. Clinical indications for image-guided interventional procedures in the musculoskeletal system: A Delphi-
based consensus paper from the European Society of Musculoskeletal Radiology (ESSR)—Part IV, hip. Eur. Radiol. 2022, 32,
551-560. [CrossRef]

Sconfienza, L.M.; Adriaensen, M.; Albano, D.; Alcala-Galiano, A.; Allen, G.; Gomez, M.P.A.; Aringhieri, G.; Bazzocchi, A.;
Beggs, I.; Chianca, V.; et al. Clinical indications for image-guided interventional procedures in the musculoskeletal system: A
Delphi-based consensus paper from the European Society of Musculoskeletal Radiology (ESSR)—Part VI, foot and ankle. Eur.
Radiol. 2022, 32, 1384-1394. [CrossRef]

Sconfienza, L.M.; Adriaensen, M.; Albano, D.; Alcala-Galiano, A.; Allen, G.; Gémez, M.P.A.; Aringhieri, G.; Bazzocchi, A;
Beggs, I.; Chianca, V,; et al. Clinical indications for image-guided interventional procedures in the musculoskeletal system: A
Delphi-based consensus paper from the European Society of Musculoskeletal Radiology (ESSR)—Part VII, nerves of the lower
limb. Eur. Radiol. 2022, 32, 1456-1464. [CrossRef] [PubMed]

Cardinal, E.; Chhem, RK; Beauregard, C.G. Ultrasound-guided interventional procedures in the musculoskeletal system. Radiol.
Clin. N. Am. 1998, 36, 597-604. [CrossRef] [PubMed]

Kane, D.; Koski, ]. Musculoskeletal interventional procedures: With or without imaging guidance? Best Pract. Res. Clin. Rheumatol.
2016, 30, 736-750. [CrossRef] [PubMed]

Chan, B.Y; Lee, K.S. Ultrasound Intervention of the Lower Extremity/Pelvis. Radiol. Clin. N. Am. 2018, 56, 1035-1046. [CrossRef]
[PubMed]

Ciarrapico, A.M.; Ugenti, R.; Di Minco, L.; Santori, E.; Altobelli, S.; Coco, I.; D’onofrio, S.; Simonetti, G. Diagnostic imaging and
spending review: Extreme problems call for extreme measures. Radiol. Medica 2017, 122, 288-293. [CrossRef] [PubMed]
European Society of Radiology (ESR). Summary of the proceedings of the International Summit 2015: General and subspecialty
radiology. Insights Imaging 2016, 7, 1-5. [CrossRef] [PubMed]

Dalili, D.; Mackay, J.; Robinson, P.; Mansour, R. Musculoskeletal radiology training in the UK: A national survey by the British
Society of Skeletal Radiologists. Clin. Radiol. 2021, 76, 650-658. [CrossRef]

Ministero Dell’istruzione, Dell’universita e Della Ricerca (MIUR)—Requisiti Minimi Generali e Specifici di Idoneita Della Rete
Formativa. Available online: https://www.miur.gov.it/documents /20182 /403914 /DI+n.+402+ ALLEGATO+2.pdf/e4408142-5
e0a-46b2-8349-765ad5455e89?version=1.0&t=1497371740722 (accessed on 9 November 2023).

Societa Italiana di Radiologia Medica (SIRM)—Formazione Istituzionale. Available online: https://sirm.org/corsi-istituzionali/
(accessed on 9 November 2023).

Albano, D.; Dalili, D.; Huber, F.A.; Snoj, Z.; Vieira, A.; Messina, C.; the Young Club of the European Society of Musculoskeletal
Radiology (ESSR). Current status of MSK radiology training: An international survey by the European Society of Musculoskeletal
Radiology (ESSR) Young Club. Insights Imaging 2021, 12, 126. [CrossRef]

Google Forms. Available online: https:/ /www.google.com/forms/about/ (accessed on 9 November 2023).

Harkey, P.; Duszak, R.; Gyftopoulos, S.; Rosenkrantz, A.B. Who Refers Musculoskeletal Extremity Imaging Examinations to
Radiologists? Am. |. Roentgenol. 2018, 210, 834-841. [CrossRef]


https://doi.org/10.1016/j.jacr.2019.11.027
https://www.ncbi.nlm.nih.gov/pubmed/31899181
https://doi.org/10.1186/s13244-020-00917-z
https://www.ncbi.nlm.nih.gov/pubmed/33123830
https://doi.org/10.1590/0100-3984.2019.0089
https://www.ncbi.nlm.nih.gov/pubmed/32904829
https://doi.org/10.1055/s-0038-1673384
https://www.ncbi.nlm.nih.gov/pubmed/30399616
https://doi.org/10.2214/AJR.15.14540
https://www.ncbi.nlm.nih.gov/pubmed/27058462
https://doi.org/10.1016/j.ostima.2023.100155
https://www.ncbi.nlm.nih.gov/pubmed/37799979
https://doi.org/10.1016/j.ejrad.2022.110330
https://doi.org/10.1007/s00256-020-03465-1
https://doi.org/10.1007/s00330-021-07997-5
https://doi.org/10.1007/s00330-021-08125-z
https://doi.org/10.1007/s00330-021-08283-0
https://www.ncbi.nlm.nih.gov/pubmed/34581843
https://doi.org/10.1016/S0033-8389(05)70048-8
https://www.ncbi.nlm.nih.gov/pubmed/9597077
https://doi.org/10.1016/j.berh.2016.09.012
https://www.ncbi.nlm.nih.gov/pubmed/27931965
https://doi.org/10.1016/j.rcl.2018.06.011
https://www.ncbi.nlm.nih.gov/pubmed/30322485
https://doi.org/10.1007/s11547-016-0721-7
https://www.ncbi.nlm.nih.gov/pubmed/28070842
https://doi.org/10.1007/s13244-015-0453-6
https://www.ncbi.nlm.nih.gov/pubmed/26753633
https://doi.org/10.1016/j.crad.2021.04.005
https://www.miur.gov.it/documents/20182/403914/DI+n.+402+ALLEGATO+2.pdf/e4408142-5e0a-46b2-8349-765ad5455e89?version=1.0&t=1497371740722
https://www.miur.gov.it/documents/20182/403914/DI+n.+402+ALLEGATO+2.pdf/e4408142-5e0a-46b2-8349-765ad5455e89?version=1.0&t=1497371740722
https://sirm.org/corsi-istituzionali/
https://doi.org/10.1186/s13244-021-01070-x
https://www.google.com/forms/about/
https://doi.org/10.2214/AJR.17.18591

Diagnostics 2024, 14, 40 13 of 13

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.
40.

41.

42.

Rozenberg, A.; Kenneally, B.E.; Abraham, J.A.; Strogus, K.; Roed]l, J.B.; Morrison, W.B.; Zoga, A.C. Second opinions in orthopedic
oncology imaging: Can fellowship training reduce clinically significant discrepancies? Skelet. Radiol. 2019, 48, 143-147. [CrossRef]
Nelson, R.E.; Ma, J.; Miller, K.; Lawrence, P.; LaFleur, J.; Grotzke, M.; Barker, A.; Cannon, G.W.; Battistone, M.J. The impact of
a musculoskeletal training program on residents’ recognition and treatment of osteoporosis. BMC Med. Educ. 2019, 19, 223.
[CrossRef] [PubMed]

Berko, N.S.; Le, ].N.; Thornhill, B.A.; Wang, D.; Negassa, A.; Amis, E.S.; Koenigsberg, M. Design and Validation of a Peer-Teacher-
Based Musculoskeletal Ultrasound Curriculum. Acad. Radiol. 2019, 26, 701-706. [CrossRef] [PubMed]

Dalili, D.; Carne, A.; MacKay, J.; O’Connor, P; Silver, D.; Robinson, P.; Mansour, R. Musculoskeletal ultrasound imaging standards
in the UK: British Society of Skeletal Radiologists (BSSR) position statement. Br. |. Radiol. 2021, 94, 20210198. [CrossRef] [PubMed]
Maloney, E.; Hippe, D.S.; Paladin, A.; Chew, ES.; Ha, A.S. Musculoskeletal Ultrasound Training for Radiology Residents. Acad.
Radiol. 2016, 23, 789-796. [CrossRef] [PubMed]

The Royal College of Radiologists(RCR). Recommendations for Specialists Practising Ultrasound Independently of Radiology
Departments: Safety, Governance and Education. 2023. Available online: https:/ /www.rcr.ac.uk/publication/recommendations-
specialists-practising-ultrasound-independently-radiology-departments (accessed on 9 November 2023).

Berko, N.S.; Goldberg-Stein, S.; Thornhill, B.A.; Koenigsberg, M. Survey of current trends in postgraduate musculoskeletal
ultrasound education in the United States. Skelet. Radiol. 2016, 45, 475-482. [CrossRef] [PubMed]

Davidson, J.; Jayaraman, S. Guided interventions in musculoskeletal ultrasound: What’s the evidence? Clin. Radiol. 2011, 66,
140-152. [CrossRef]

Carubbi, E; Bosch, P.; Machado, PM.; Scire, C.A.; Alunno, A.; Proft, F.; Baraliakos, X.; Dejaco, C. Current Practice of Imaging-
Guided Interventional Procedures in Rheumatic and Musculoskeletal Diseases: Results of a Multinational Multidisciplinary
Survey. Front. Med. 2021, 8, 779975. [CrossRef]

Dalili, D.; Isaac, A.; Rashidi, A.; Astrom, G.; Fritz, J. Image-guided Sports Medicine and Musculoskeletal Tumor Interventions: A
Patient-Centered Model. Semin. Musculoskelet. Radiol. 2020, 24, 290-309. [CrossRef]

Patel, A.; Chadwick, N.; von Beck, K.; Goswami, P.; Soliman, S.B.; Patel, A.; McGill, K.C. Ultrasound-guided joint interventions of
the lower extremity. Skelet. Radiol. 2023, 52, 911-921. [CrossRef]

Bellelli, A.; Silvestri, E.; Barile, A.; Albano, D.; Aliprandi, A.; Caudana, R.; Chianca, V.; Di Pietto, F.; Faletti, C.; Genovese, E.;
et al. Position paper on magnetic resonance imaging protocols in the musculoskeletal system (excluding the spine) by the Italian
College of Musculoskeletal Radiology. Radiol. Medica 2019, 124, 522-538. [CrossRef]

Sconfienza, L.M.; Adriaensen, M.; Albano, D.; Allen, G.; Aparisi Gomez, M.P.; Bazzocchi, A.; Beggs, L.; Bignotti, B.; Chianca, V,;
Corazza, A; et al. Clinical indications for image-guided interventional procedures in the musculoskeletal system: A Delphi-based
consensus paper from the European Society of Musculoskeletal Radiology (ESSR)—Part II, elbow and wrist. Eur. Radiol. 2020, 30,
2220-2230. [CrossRef] [PubMed]

Sconfienza, L.M.; Adriaensen, M.; Albano, D.; Allen, G.; Aparisi Gomez, M.P.; Bazzocchi, A.; Beggs, L.; Bignotti, B.; Chianca, V,;
Corazza, A,; et al. Clinical indications for image guided interventional procedures in the musculoskeletal system: A Delphi-based
consensus paper from the European Society of Musculoskeletal Radiology (ESSR)—Part III, nerves of the upper limb. Eur. Radiol.
2020, 30, 1498-1506. [CrossRef] [PubMed]

ESSR Education Programmes. Available online: https://www.essr.org/education/ (accessed on 9 November 2023).

Duarte, A.; Borrero Leon, R. Opinion on “Current status of MSK radiology training: An international survey by the European
Society of Musculoskeletal Radiology (ESSR) Young Club”. Insights Imaging 2022, 13, 15. [CrossRef] [PubMed]

Diploma in Musculoskeletal Radiology. Available online: https://www.essr.org/diploma/ (accessed on 9 November 2023).
European School of Radiology (ESOR). European School of Radiology—Training Programmes. Available online: https://www.
esor.org/training-programmes/ (accessed on 9 November 2023).

Cleary, M.X,; Yi, PH.; Ahlawat, S. Evaluation of Musculoskeletal Radiology Fellowship Websites. Curr. Probl. Diagn. Radiol. 2021,
50, 379-383. [CrossRef]

Lee, D.J.; Jung, J.; Daniels, A.H.; Eltorai, A.E.M. Analysis of musculoskeletal radiology fellowship websites. Skelet. Radiol. 2020,
49,1149-1153. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s00256-018-3024-3
https://doi.org/10.1186/s12909-019-1653-4
https://www.ncbi.nlm.nih.gov/pubmed/31226989
https://doi.org/10.1016/j.acra.2018.09.001
https://www.ncbi.nlm.nih.gov/pubmed/30243892
https://doi.org/10.1259/bjr.20210198
https://www.ncbi.nlm.nih.gov/pubmed/33793317
https://doi.org/10.1016/j.acra.2015.11.018
https://www.ncbi.nlm.nih.gov/pubmed/27067604
https://www.rcr.ac.uk/publication/recommendations-specialists-practising-ultrasound-independently-radiology-departments
https://www.rcr.ac.uk/publication/recommendations-specialists-practising-ultrasound-independently-radiology-departments
https://doi.org/10.1007/s00256-015-2324-0
https://www.ncbi.nlm.nih.gov/pubmed/26748645
https://doi.org/10.1016/j.crad.2010.09.006
https://doi.org/10.3389/fmed.2021.779975
https://doi.org/10.1055/s-0040-1710065
https://doi.org/10.1007/s00256-022-04168-5
https://doi.org/10.1007/s11547-019-00992-3
https://doi.org/10.1007/s00330-019-06545-6
https://www.ncbi.nlm.nih.gov/pubmed/31844963
https://doi.org/10.1007/s00330-019-06479-z
https://www.ncbi.nlm.nih.gov/pubmed/31712960
https://www.essr.org/education/
https://doi.org/10.1186/s13244-021-01148-6
https://www.ncbi.nlm.nih.gov/pubmed/35089474
https://www.essr.org/diploma/
https://www.esor.org/training-programmes/
https://www.esor.org/training-programmes/
https://doi.org/10.1067/j.cpradiol.2020.02.010
https://doi.org/10.1007/s00256-020-03401-3

	Introduction 
	Materials and Methods 
	Study Design 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

