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Abstract
Objective This study assesses musculoskeletal ultrasound (MSUS) knowledge, attitudes, and practices among young rheu-
matologists in Mexico, aiming to identify barriers and facilitators to its clinical use.
Methods An online survey distributed to a network of young rheumatologists captured demographics, institutional, and 
personal MSUS information. Multivariable analysis identified factors associated with positive MSUS attitudes.
Results Ninety-six rheumatologists (39.18% national response rate) completed the survey. Of respondents (54.2% females, 
median age 35.1 years), 81.2% deemed MSUS necessary in clinical rheumatology. The main barriers included limited train-
ing access (56.2%) and required training time (54.1%). Lack of scientific evidence was not a major barrier (60.4%). Positive 
MSUS attitudes were associated with learning from conferences (p = 0.029) and colleagues (p = 0.005), formal (p = 0.043), 
and in-person training (p = 0.020), MSUS use in practice (p = 0.027), and use by radiologists in their institute (p < 0.001). 
Interest in learning MSUS (88.5%) was significantly higher in those with positive attitudes (94.4%, p < 0.001). Elastic net 
analysis identified key drivers, including learning MSUS from conferences, colleagues, and in residency; using MSUS in 
practice; respondent-performed MSUS; and MSUS use by radiologists. Statistically significant associations were found 
with using MSUS for synovitis/inflammatory joint disease (OR = 1.43, 95% CI 1.00–2.05) and MSUS use by radiologists 
in respondent’s institutes (OR = 1.70, 95% CI 1.20–2.90).
Conclusion Most young rheumatologists in Mexico recognize the necessity of MSUS in clinical practice. By address-
ing identified barriers, encouraging rheumatologist-radiologist collaboration, and establishing a regulatory body to certify 

Key Points

 Our study pioneers a comprehensive examination of 
musculoskeletal ultrasound (MSUS) adoption among young 
rheumatologists in Mexico, providing a holistic understanding of 
factors influencing its integration, from driving forces to obstacles.

 The study elucidates key drivers linked to positive MSUS attitudes, 
such as learning from conferences and colleagues, in-person 
training, practice use, and collaboration with radiologists, offering 
actionable strategies for fostering a conducive MSUS environment.

 By examining international MSUS education models, our research 
highlights the global drive for standardization, contributing to the 
discourse about adapting educational strategies to local contexts, 
ensuring international relevance.

 We call for a paradigm shift in MSUS education, advocating for 
its standardized and formal integration into medical education, 
thus elevating MSUS from sporadic courses to a cornerstone 
of rheumatological practice, both in Mexico and comparable 
healthcare settings worldwide.

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s10067-024-06973-w&domain=pdf
http://orcid.org/0000-0002-1322-1182


2104 Clinical Rheumatology (2024) 43:2103–2116

rheumatologist’s MSUS experience, there is an opportunity to empower them with the necessary skills for effective MSUS 
use, ultimately benefiting patient care.

Keywords Early diagnosis · Medical education, attitudes, practice · Patient care · Point-of-care ultrasound · Rheumatology, 
ultrasound, musculoskeletal ultrasound · Surveys and questionnaires

Introduction

Musculoskeletal ultrasound (MSUS) has emerged as an 
indispensable, versatile tool in medical diagnostics, offering 
a non-invasive, cost-effective, and clinically practical means 
of diagnosing and managing a wide range of musculoskel-
etal pathologies [1, 2]. Over the years, MSUS has gained 
recognition, becoming pivotal for assessing and monitoring 
patients with rheumatic diseases as per national and inter-
national guidelines, including ACR (American College of 
Rheumatology) [3] and EULAR (European Alliance for 
Association in Rheumatology) [4, 5] recommendations. Its 
evolution has been marked by improved image resolution and 
real-time insights into joints and periarticular structures. This 
has enhanced precision in guiding essential medical proce-
dures such as joint aspirations, injections, and biopsies [2, 
6–9] as well as diagnosing and monitoring vasculitis [10] and 
Sjogren’s syndrome [11, 12]. This technological advancement 
drives the adoption of point-of-care ultrasound (POCUS), cru-
cial for early diagnosis and resource-limited settings.

Ultrasound’s utility has driven progress in MSUS educa-
tion, targeting residents in rheumatology, radiology, physi-
cal medicine and rehabilitation, and physical therapy [13]. 
The demand for comprehensive training transcends geo-
graphic boundaries. Achieving excellence in MSUS edu-
cation requires regular, cohesive courses, tailored content, 
varied didactic methods, and standardized practice models 
[14]. International competency standards and a uniform cur-
riculum, along with ongoing professional development, are 
crucial for global proficiency in MSUS education. While 
the significance of MSUS in rheumatology has grown, its 
integration is especially important in Mexico, where the bur-
den of rheumatic and musculoskeletal disorders (RMDs) is 
particularly pronounced. Notably, RMDs account for 9.73% 
of disability-adjusted life years (DALY) among individuals 
aged 15–49 years in Mexico [15]. This growing burden of 
disease is exacerbated by the limited availability of certi-
fied rheumatologists, with only 0.67 per 100,000 inhabit-
ants, underscoring the urgency of addressing this healthcare 
challenge [16].

Despite its proven utility, the seamless integration of 
MSUS into rheumatology practice faces unique challenges. 
These challenges are primarily due to the shortage of certi-
fied rheumatologists, a scarcity of formal MSUS training 

programs, and the current inactivity of the Mexican School 
of Musculoskeletal Ultrasound of the Mexican College of 
Rheumatology (ECOMER) [17, 18]. We highlight limited 
access to ultrasound education for rheumatologists, which 
hinders the widespread integration of this invaluable diag-
nostic tool into rheumatological care in Mexico. These 
challenges necessitate a comprehensive understanding of 
the factors influencing the adoption of MSUS among young 
rheumatologists in Mexico.

Our study focuses on the primary objective of explor-
ing musculoskeletal ultrasound (MSUS) integration among 
young rheumatologists in Mexico. Our aim is to identify 
and analyze factors influencing MSUS adoption, emphasiz-
ing facilitators and barriers. We strive to comprehend the 
pace of MSUS education and implementation in this demo-
graphic. Secondary objectives include evaluating the impact 
of introducing MSUS to medical students and residents on 
acceptance within the medical community. Additionally, we 
investigate practical MSUS applications in daily rheumatol-
ogist routines, highlighting its potential to enhance precision 
in diagnosis and improve patient outcomes. This work also 
scrutinizes obstacles impeding seamless integration, from 
logistical challenges to training issues. Finally, using the 
insights from experienced countries coupled with respond-
ents’ preferences and results obtained from our research, 
we propose an approach that could help improve ultrasound 
education in rheumatology in the country. This multifaceted 
approach provides a detailed perspective on MSUS integra-
tion in Mexico, with broader implications for global health-
care practices.

Materials and methods

Design

We conducted a comprehensive mixed-methods study to 
gain insights into the awareness, education, and barriers 
and facilitators to implementing MSUS in clinical rheu-
matology practice across Mexico. Our research involved a 
diverse team of experts, including academic medical pro-
gram directors, epidemiologists, biostatisticians, researchers, 
and healthcare professionals from Mexico, the United States, 
Spain, and Switzerland. We developed our Spanish-language 
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questionnaire from an existing validated tool [19] in col-
laboration with rheumatologists and researchers. The survey 
featured 70 questions grouped into three main sections: (1) 
MSUS training, (2) MSUS usage, and (3) attitudes towards 
MSUS in rheumatology. Questions were presented in vari-
ous formats, including multiple-choice, check-box, Likert-
style (using a 1 to 5 scale for agreement), and open-ended 
free text comments.

Participants

Our survey targeted young rheumatologists (under 40 years 
old) and rheumatology residents in Mexico actively engaged 
in caring for patients with inflammatory RMDs. We distrib-
uted the survey through ReumaJoven (a network of young 
rheumatologists in Mexico), using email and social media 
channels in a snowball sampling technique. To ensure a 
robust response rate, our team reached out personally to phy-
sicians in different states, encouraging their participation. 
The data collection ran from February 21 to May 2, 2022, 
with reminder prompts sent as needed. Ethical approval 
was not required since the study solely involved anonymous 
responses from healthcare practitioners and did not involve 
patients.

Quantitative analyses

Our analysis centers on the relationship between three key 
dimensions of MSUS attitudes and behaviors in young rheu-
matologists in Mexico: (1) the need for MSUS in rheuma-
tology practice in Mexico, (2) the use of MSUS by young 
rheumatologists in clinical practice, and (3) interest in learn-
ing MSUS among young rheumatologists in Mexico. Physi-
cian characteristics were initially summarized and assessed 
for association with MSUS attitudes and interest in learning 
MSUS using analysis of variance (ANOVA) and two sample 
t-tests for continuous characteristics, and chi-squared and 
Fisher’s exact tests for categorical characteristics (Table 1, 
Table S1). All analyses were performed in R V.4.2 [20]. 
Univariable logistic regression analyses assessed unadjusted 
associations between physician characteristics and MSUS 
attitudes.

Due to the extensive number of characteristics captured in 
the survey, multivariable associations between knowledge, 
attitudes, and practices and MSUS attitudes were assessed 
with elastic net regularization and variable selection. To 
prepare data for elastic net regression, we excluded survey 
items for which no data was captured and for which there 
was only one observed response value (uniform). Multiple 
imputation was performed to address missingness in the 
remaining data (excluding outcome variables) using the 
mice R package (v.3.15.0) [21]. K-fold cross-validation was 
used to determine the optimal lambda value in the glmnet R 

package (v.4.1–6) [22]. Regression models with elastic net 
were used to estimate odds ratios along with bootstrapped 
95% confidence intervals (CI).

Qualitative analyses

Free text responses to questions about positive and nega-
tive MSUS attitudes, MSUS training, and additional com-
ments were analyzed via qualitative content analysis using 
an inductive approach. This qualitative method involved two 
investigators (GPMR and AS) who repeatedly reviewed text 
responses for coding, categorization, and data abstraction. 
Responses were identified, extracted, and labelled with a 
code name to reflect the data characteristic (i.e., “need for 
more training”). Data analysis was conducted with a critical 
discussion of codes, subcategories, and main categories with 
the statistical scientist (AS) and input of a clinician (GPMR).

Mixed methods approach

After independent analyses of the quantitative and quali-
tative data, the results were assessed for the coincidence 
of coded free-text responses and responses to survey items 
about advantages, disadvantages, and barriers to MSUS to 
validate the results. The categories were correlated and those 
with a positive correlation were presented as coincident.

Results

Participants

In total, 96 responses (39.18% national response rate; 
n = 245 Mexican College of Rheumatology members 
40 years or younger in 2022) were collected from rheuma-
tologists (residents n = 5, post-residency = 91) in 19 Mexican 
states (Table 1, Fig. 1, Table S1–2). Forty-seven (48.96%) 
respondents were concentrated in major urban populations 
in Mexico (Mexico City n = 29, 30.20%; Monterrey, Nuevo 
Leon n = 18, 18.75%) and 49 (51.04%) were distributed 
across 17 other states. Fifty-two (54.17%) respondents were 
female, with a median age of 35.08 years (interquartile range 
[IQR] 32.79–37.73 years). Most worked in public hospitals 
(n = 65, 67.71%) and private practices (n = 80, 83.33%), as 
residents (n = 5, 5.21%), professors (n = 37, 38.54%), and 
non-academic clinicians (n = 54, 56.25%).

MSUS attitudes

Overall, affordability (n = 63, 65.63%), accessibility 
(n = 62, 64.58%), and versatility (n = 60, 62.50%) were 
the most important advantages of MSUS compared with 
other forms of imaging, while variability in user skills 
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Table 1  Demographic characteristics and characteristics of MSUS knowledge, practices, and attitudes among 96 young rheumatologists in Mex-
ico

Characteristic Overall (n = 96) Need for MSUS in rheumatology practice in Mexico

Necessary (n = 78) Not necessary 
(n = 18)

p-value Univariable analyses Multivariable 
analysis

OR 95% CI p-value OR 95% CI

Demographic characteristics
  Age (years) 0.700 0.98 (0.84–1.14) 0.800 — —
    Mean (SD) 35.38 (3.36) 35.33 (3.42) 35.60 (3.21)
    Median 

(25–75%)
35.08 (32.79–

37.73)
34.88 (32.58–

37.68)
35.10 (33.52–

37.84)
  Gender 0.150
    Female 52 (54.17%) 45 (57.69%) 7 (38.89%) — — — —
    Male 44 (45.83%) 33 (42.31%) 11 (61.11%) 0.47 (0.16–1.31) 0.200 — —
  Medical practice
    Public hospital 65 (67.71%) 53 (67.95%) 12 (66.67%)  > 0.9 1.06 (0.34–3.07)  > 0.9 — —
    Private hos-

pital
34 (35.42%) 26 (33.33%) 8 (44.44%) 0.400 0.62 (0.22–1.81) 0.400 — —

  Academic affiliation
    Resident 5 (5.21%) 4 (5.13%) 1 (5.56%)  > 0.9 0.92 (0.13–18.6)  > 0.9 — —
    Professor 37 (38.54%) 29 (37.18%) 8 (44.44%) 0.600 0.74 (0.26–2.14) 0.600 — —
    Non-academic 54 (56.25%) 45 (57.69%) 9 (50.00%) 0.600 1.36 (0.48–3.86) 0.600 — —

Knowledge
  First learned about MSUS
    Academic 

articles
55 (57.29%) 46 (58.97%) 9 (50.00%) 0.500 1.44 (0.51–4.07) 0.500 — —

    Conferences/
congresses

59 (61.46%) 52 (66.67%) 7 (38.89%) 0.029 3.14 (1.11–9.46) 0.034 1.01 (0.61–1.02)

    Colleagues 50 (52.08%) 46 (58.97%) 4 (22.22%) 0.005 5.03 (1.63–19.0) 0.008 1.50 (0.98–2.26)
    Medical school 22 (22.92%) 19 (24.36%) 3 (16.67%) 0.800 1.61 (0.47–7.48) 0.500 — —
    Residency 69 (71.88%) 59 (75.64%) 10 (55.56%) 0.088 2.48 (0.84–7.23) 0.094 1.02 (0.54–1.05)

MSUS knowledge: prior MSUS use
  Hours of formal 

MSUS train-
ing

0.043

     < 15 h 14 (31.82%) 11 (28.21%) 3 (60.00%) — — — —
    15–30 h 7 (15.91%) 5 (12.82%) 2 (40.00%) 0.68 (0.08–6.43) 0.700 — —
    45–60 h 1 (2.27%) 1 (2.56%) 0 (0.00%)
    > 60 h 22 (50.00%) 22 (56.41%) 0 (0.00%)
  Form of MSUS training
    In-person class 

duration
0.020

      < 1 week 10 (27.03%) 7 (21.88%) 3 (60.00%) — — — —
      1–2 weeks 4 (10.81%) 2 (6.25%) 2 (40.00%) 0.43 (0.03–4.99) 0.500 — —
      3–4 weeks 3 (8.11%) 3 (9.38%) 0 (0.00%)
      1–6 months 7 (18.92%) 7 (21.88%) 0 (0.00%)
      > 6 months 13 (35.14%) 13 (40.62%) 0 (0.00%)

Practices
  MSUS use in practice
    Used in clini-

cal practice
74 (77.08%) 64 (82.05%) 10 (55.56%) 0.027 3.66 (1.21–11.0) 0.020 1.07 (0.52–1.14)
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Table 1  (continued)

Characteristic Overall (n = 96) Need for MSUS in rheumatology practice in Mexico

Necessary (n = 78) Not necessary 
(n = 18)

p-value Univariable analyses Multivariable 
analysis

OR 95% CI p-value OR 95% CI

    Performs 
MSUS in 
clinical prac-
tice

20 (20.83%) 20 (25.64%) 0 (0.00%) 0.020 1.19 (0.94–1.41)

Application of MSUS use in practice
  Diagnosis 52 (54.17%) 48 (61.54%) 4 (22.22%) 0.003 5.60 (1.82–21.2) 0.005 1.18 (0.80–1.39)
  Pathology (ten-

don/muscular/
ligament)

46 (47.92%) 42 (53.85%) 4 (22.22%) 0.015 4.08 (1.33–15.4) 0.021 — —

  Synovitis/
inflammatory 
joint disease

50 (52.08%) 47 (60.26%) 3 (16.67%)  < 0.001 7.58 (2.27–34.7) 0.003 1.43 (1.00–2.05)

  Sjogren’s syn-
drome

8 (8.33%) 8 (10.26%) 0 (0.00%) 0.300

  Vasculitis 6 (6.25%) 6 (7.69%) 0 (0.00%) 0.600
  Guided infiltra-

tion/aspiration 
procedures

32 (33.33%) 30 (38.46%) 2 (11.11%) 0.027 5.00 (1.30–33.0) 0.040 — —

 Application of MSUS use in Institute
   Specialists using MSUS in Institute
    Rheumatolo-

gists
30 (31.25%) 25 (32.05%) 5 (27.78%) 0.700 1.23 (0.41–4.16) 0.700 — —

    Radiologists 45 (46.88%) 43 (55.13%) 2 (11.11%)  < 0.001 9.83 (2.57–64.9) 0.004 1.70 (1.20–2.90)
  Other imaging tools in Institute
    Magnetic reso-

nance imaging 
(MRI)

61 (63.54%) 50 (64.10%) 11 (61.11%) 0.800 1.14 (0.38–3.22) 0.800 — —

    X-ray 68 (70.83%) 58 (74.36%) 10 (55.56%) 0.110 2.32 (0.79–6.72) 0.120 — —
    Computed 

tomography 
(CT)

67 (69.79%) 57 (73.08%) 10 (55.56%) 0.140 2.17 (0.74–6.26) 0.200 — —

    Positron emis-
sion tomogra-
phy (PET)

19 (19.79%) 15 (19.23%) 4 (22.22%) 0.800 0.83 (0.25–3.26) 0.800 — —

Attitudes
  Believe MSUS 

is or should 
become a 
standard tool 
in rheumatol-
ogy

93 (97.89%) 77 (100.00%) 16 (88.89%) 0.034

  Need for MSUS 
in rheumatol-
ogy practice in 
Mexico

 < 0.001

    1—Very 
unnecessary

0 (0.00%) 0 (0.00%) 0 (0.00%)

    2—Unneces-
sary

3 (3.19%) 0 (0.00%) 3 (18.75%) — —

    3—Neutral 13 (13.83%) 0 (0.00%) 13 (81.25%)
    4—Necessary 40 (42.55%) 40 (51.28%) 0 (0.00%)
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(n = 53, 55.21%) and cost of the device (n = 45, 46.88%) 
were the most prominent disadvantages (Fig. 2a, b). The 
most prominent barriers to MSUS were lack of access to 
training (important or very important n = 54, 56.25%) and 
training time required (n = 52, 54.17%) (Fig. 2c). Lack of 
scientific evidence was not an important barrier to MSUS 
use (unimportant or very unimportant n = 58, 60.42%). 
Interest in learning MSUS was high (n = 85, 88.54%), with 

a particular interest in online classes (n = 72, 75.00%), 
clinical rotations (n = 67, 69.79%), and workshops (n = 58, 
60.42%) (Fig. 2d).

Most (n = 78, 81.25%) reported MSUS is necessary in 
clinical rheumatology practice in Mexico (Table 1, Fig. 1). 
Respondents from 11 states (n = 19, 19.79%) unanimously 
reported the need for MSUS. The State of Mexico (n = 6/7, 
85.71%), Nuevo Leon (n = 15/18, 83.33%), and Mexico 

Table 1  (continued)

Characteristic Overall (n = 96) Need for MSUS in rheumatology practice in Mexico

Necessary (n = 78) Not necessary 
(n = 18)

p-value Univariable analyses Multivariable 
analysis

OR 95% CI p-value OR 95% CI

    5—Very nec-
essary

38 (40.43%) 38 (48.72%) 0 (0.00%)

Bolded values in Table 1 present characteristics with statistically significant associations (p < 0.05 or non-null 95% CI) with the need for MSUS 
in rheumatology practice in Mexico

Fig. 1  Distribution of respondents in Mexican states (a) and the statewide proportion of positive (b) and negative (c) responses to the need for 
MSUS in rheumatology practice in Mexico (positive, MSUS necessary; negative, MSUS not necessary)
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City (n = 23/29, 79.31%) had the next highest rates of 
agreement with the need for MSUS, while both respond-
ents from Tamaulipas (n = 2, 2.15%) reported MSUS is 
not needed. Among those with negative attitudes towards 
MSUS, less importance was placed on MSUS advantages 
(improved diagnostic acuity, negative n = 6, 33.33% vs. 
positive MSUS attitudes n = 46, 47.92%) (Fig. 2a, Table S1). 
Those with negative attitudes expressed more neutrality to 
MSUS disadvantages and barriers (training time required, 
negative n = 10, 62.50% vs. positive MSUS attitudes n = 25, 

32.47%), and less interest in learning MSUS (negative 
n = 11, 61.11% vs. positive MSUS attitudes n = 74, 94.87%) 
(Fig. 2b–d, Table S1).

Quantitative results

Interest in learning MSUS was statistically significantly 
associated with MSUS use by radiologists in the respond-
ent’s institute (interested n = 43, 50.59% vs. not inter-
ested n = 2, 18.18% p = 0.043), institutional availability of 

Fig. 2  Responses to questions about the advantages (a), disadvan-
tages (b), barriers to implementing (c), and interest in learning (d) 
MSUS among young rheumatologists in Mexico. Responses are pre-

sented for the overall sample, as well as stratified by response to the 
need for MSUS in rheumatology practice in Mexico (positive, MSUS 
necessary; negative, MSUS not necessary)
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CT imaging (interested n = 63, 74.12% vs. not interested 
n = 4, 36.36% p = 0.016), and the belief that MSUS is or 
should become a standard tool in rheumatology (interested 
n = 84, 100.00% vs. not interested n = 9, 81.82% p = 0.012) 
(Table S1). Interest in learning MSUS (n = 85, 88.54%) was 
significantly increased in those reporting positive MSUS 
attitudes (n = 74, 94.49%, p < 0.001). Positive MSUS atti-
tudes were statistically significantly associated with first 
learning about MSUS from conferences (p = 0.029) and 
colleagues (p = 0.005), use in the respondent’s practice 
(p = 0.027), specifically for the diagnosis of synovitis 
(p < 0.001), and MSUS use by radiologists in the respond-
ent’s institute (p < 0.001) (Table 1).

Univariable analyses supported associations between 
positive MSUS attitudes and learning about MSUS from 
conferences (OR = 3.14, 95% CI 1.11–9.46, p = 0.034) and 
colleagues (OR = 5.03, 95% CI 1.63–19.0, p = 0.008), use 
in the respondent’s practice (general use OR = 3.66, 95% CI 
1.21–11.0, p = 0.020; synovitis OR = 7.58, 95% CI 2.27–34.7, 
p = 0.003), and MSUS use by radiologists in the respond-
ent’s institute (OR = 9.83, 95% CI 2.57–64.9, p = 0.004). 

Multivariable analysis using elastic net further identified 
drivers of positive MSUS attitudes, including learning about 
MSUS from conferences, colleagues, and in residency; 
MSUS use in the respondent’s practice, the respondent per-
forming MSUS, and MSUS use for diagnosis or monitoring 
of synovitis; and MSUS use by radiologists in the respond-
ent’s institute. Use of MSUS for diagnosis or monitoring of 
synovitis (OR = 1.43, 95% CI 1.00–2.05) and use of MSUS 
by radiologists in the respondent’s institute (OR = 1.70, 95% 
CI 1.20–2.90) were significantly associated with positive 
MSUS attitudes in the final multivariable analysis.

Qualitative results

Qualitative analysis of free text responses identified eight 
classes of positive MSUS attitudes, five classes of nega-
tive MSUS attitudes, four classes of known MSUS training 
options, and four classes of overall additional comments 
(Fig. 3). Positive MSUS responses focused on the utility of 
MSUS, the benefits of point-of-care (POCUS), the objec-
tivity MSUS adds to clinical practice, its ability to assess 

Fig. 3  The respondents’ reasons for their positive or negative 
responses to the need for MSUS in rheumatology practice in Mexico 
(positive, MSUS necessary; negative, MSUS not necessary), their 

knowledge of training options, and additional respondent comments 
and their coincidence with respondent attitudes about the advantages, 
disadvantages, and barriers to implementing MSUS
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and quantify disease activity, cost–benefit, the need for more 
MSUS in pediatric rheumatology practice, the non-harmful 
and non-invasive nature of MSUS, and its use for research. 
Negative responses focused on alternative imaging, the cost 
of the device, limitations associated with training availability 
and training access, MSUS as an operator-dependent tool, 
and the limited perceived utility. Known MSUS training 
included short-form conference courses and workshops, 
diploma programs, the EULAR certification, and the 1-year 
fellowship program. Additional comments focused on the 
need for MSUS to become routine in clinical practice, the 
need for more training options (with an emphasis on online 
and hybrid options), the utility of MSUS, and the barrier of 
lack of access to training opportunities and protected train-
ing time required to learn MSUS.

Mixed methods results

Positive MSUS responses focusing on utility, objectivity, 
cost–benefit, the need for MSUS in pediatric rheumatology, 
and its use for research all notably coincided with the impor-
tance of training cost and the lack of access to training oppor-
tunities as barriers to the use of MSUS. Further, negative 

MSUS responses focusing on cost, the lack of access to train-
ing opportunities, and the training time required coincided 
with positive responses about the advantages of MSUS. These 
barriers may drive negative attitudes towards wider clinical 
use of MSUS despite clinicians’ awareness of its advantages. 
Only those reporting awareness of the MSUS fellowship also 
acknowledged the improved safety and versatility offered by 
MSUS, suggesting the presence of more established and com-
prehensive education opportunities may impact clinicians’ 
understanding of the benefits of MSUS and their consequent 
interest in implementing MSUS in their clinical practice. 
Lastly, those responding regarding the need for more training 
opportunities, with an emphasis on hybrid and online options, 
coincided with greater importance placed on MSUS advan-
tages and training cost and time as key barriers, suggesting a 
particular interest in online and hybrid education.

Across quantitative and mixed methods analyses, we 
identified lack of access to training and training time 
required as systemic barriers to MSUS implementation. 
We propose these barriers impact an ecological model 
of clinical rheumatology practice, institutional resources, 
knowledge shared in the medical community, and the 
available scientific evidence (Fig. 4). We found the use 

Fig. 4  Overview of facilitators 
and barriers to implementing 
MSUS in clinical practice. Sys-
temic barriers to MSUS imple-
mentation impact the rheuma-
tologist’s experience of their 
clinical practice, institutional 
resources, knowledge shared in 
the medical community, and the 
available scientific evidence. 
Notably, the use of MSUS 
for diagnosis and monitoring 
synovitis and inflammatory joint 
disease in clinical practice, hav-
ing radiologists who use MSUS 
in their institute, learning about 
MSUS from the medical com-
munity, and the strong scientific 
evidence surrounding MSUS 
all drive positive attitudes and 
impact motivation to implement 
MSUS



2112 Clinical Rheumatology (2024) 43:2103–2116

of MSUS for diagnosis and monitoring synovitis and 
inflammatory joint disease in clinical practice, having 
radiologists who use MSUS in their institute, learning 
about MSUS from the medical community, and the strong 
scientific evidence surrounding MSUS all drive positive 
attitudes and impact motivation to implement MSUS. 
These results suggest that overcoming systemic barriers 
can help shift MSUS attitudes to drive improved medical 
care through wider use of MSUS.

We propose an approach for the integration of evidence-
based MSUS education (Fig. 5). It is essential to reach 
a consensus on ultrasound training and develop a stand-
ardized curriculum to ensure the acquisition of essential 
knowledge by rheumatology residents. This knowledge 
base would enable young rheumatologists to advance their 
ultrasound training following residency, exploring more 
specialized and advanced topics. The establishment of a 
regulatory body, such as an ultrasound school for rheu-
matologists, is proposed to certify the rheumatologists’ 
experience. This regulatory body would consist not only 
of rheumatologist experts in ultrasound but also of radi-
ologists with experience in MSUS to provide a valuable 
interdisciplinary perspective. Over a defined period, rheu-
matologists would have the opportunity to become certified 
in ultrasound.

Discussion

This work sheds light on the current landscape of MSUS 
knowledge, attitudes, and practices among young rheuma-
tologists in Mexico. Despite the recognized utility of MSUS 
in rheumatology, we uncover significant barriers to its wide-
spread adoption in Mexico, particularly among younger 
practitioners. Our discussion delves into key themes, includ-
ing the current state of MSUS education, unique challenges 
faced in Mexico, and impact of international models. Addi-
tionally, we explore the implications of our findings for 
MSUS integration into rheumatological care in Mexico and 
beyond, as well as propose an approach to overcome limita-
tions and barriers.

Our findings underscore limited access to MSUS edu-
cation among young rheumatologists in Mexico. Most 
respondents expressed interest in learning MSUS, but barri-
ers such as a lack of access to training opportunities and the 
time required for training were identified as significant hur-
dles. These results align with recent work by Neubauer et al. 
(2023) [13] and Recker et al. (2023) [23] who identified the 
common challenge of an expertise bottleneck in MSUS edu-
cation, in which trained expertise did not always translate to 
the expert guidance and feedback that is essential to pass on 
MSUS skills to other clinicians. Additional MSUS education 

Fig. 5  Proposed scheme for integration of evidence-based MSUS 
education available both during (A) and after residency (B). It is 
essential to reach a consensus on the topics to be integrated into an 
introductory ultrasound training and develop a standardized cur-
riculum to ensure the acquisition of essential knowledge by rheu-
matology residents, enabling them to identify normal sonoanatomy 
and common pathologies that require ultrasound for diagnosis. This 
knowledge base would enable young rheumatologists to advance 
their ultrasound training after residency, exploring more specialized 

and advanced topics. The establishment of a regulatory body, such as 
an ultrasound school for rheumatologists, is proposed to certify the 
rheumatologists’ experience. Over a defined period, here proposed 
as 3 years, rheumatologists would have the opportunity to complete 
the certification in ultrasound. Flexibility in the certification period 
would be beneficial to adapt to the diverse circumstances of students, 
allowing options to accelerate or extend the certification time accord-
ing to individual needs
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challenges included insufficient ultrasound equipment in 
courses and insufficient time to practice clinical ultrasound. 
They suggest the integration of portable ultrasound and the 
development of more flexible education models, coupled 
with standardization and MSUS competency assessments, 
may overcome these challenges. Likewise, a national survey 
of POCUS integration in American medical schools found 
similar challenges, with nearly 95% of programs specifically 
identifying challenges owing to a lack of ultrasound-trained 
faculty, insufficient time provided for ultrasound training, 
and lack of equipment [24]. These challenges are common 
in post-graduate MSUS education as well, evidenced by the 
recent work by Horowitz et al. (2024) which identified insti-
tutional, logistical, and financial challenges as well as the 
lack of ultrasound expertise among rheumatologists as lim-
iting factors in the implementation of advanced techniques 
like ultrasound-guided synovial biopsy in the United States 
[25]. Our results further resonate with international efforts to 
standardize MSUS education, demonstrated by initiatives in 
European countries, Canada, and the United States.

In contrast to comprehensive approaches taken in some 
European countries, the only formal MSUS certification 
program for rheumatologists in Mexico, to the best of our 
knowledge and that of respondents, is a limited-access 1-year 
fellowship at INR (Instituto Nacional de Rehabilitación) in 
Mexico City [26]. The historical role of ECOMER in intro-
ducing MSUS in Mexico is acknowledged, but its current 
inactivity highlights existing challenges in maintaining con-
sistent and accessible ultrasound education for rheumatolo-
gists [17]. Despite over two decades of progress in embed-
ding MSUS knowledge among Mexican rheumatologists, 
the pace has been slow, with unfulfilled objectives such as 
incorporating ultrasound training in rheumatology centers 
across the country [17]. The absence of a dedicated curricu-
lum, lack of MSUS training opportunities during residency, 
and limited access to post-residency training programs high-
light a persistent gap in achieving widespread integration 
of ultrasound in rheumatology in Mexico. Although aware-
ness of ultrasound’s usefulness has permeated the younger 
generation of rheumatologists, the crucial task of imparting 
hands-on skills for independent use during rheumatologists’ 
residency remains unaccomplished, rendering the inception 
of MSUS incomplete.

This study draws attention to the influence of interna-
tional models on MSUS education. Europe has its own 
MSUS in rheumatology certification through EULAR, con-
sisting of an online introductory course and the basic, inter-
mediate, and advanced in-person courses, which are offered 
to European and international rheumatologists [27]. If we 
focus on a local European perspective, two countries, Spain 
and Switzerland, serve as examples where MSUS training is 
introduced during residency. In Spain, the Spanish Society 
of Rheumatology’s Ultrasound School offers courses from 

the first year of residency, divided into levels (introductory, 
basic, intermediate, and advanced) available for all resi-
dents [28]. Specialized optional training continues during 
rheumatology specialty, and MSUS is crucial for clinical 
practice, with a high degree of education satisfaction con-
tributing to the improvement of rheumatologists’ skills [29]. 
In Switzerland, rheumatologists must learn ultrasound as 
part of their specialist training[30]. Competencies include 
attendance of basic, intermediate, and advanced MSUS 
courses, supervised examinations, and mentoring by Swiss 
Ultrasound Society (SGUM) tutors. Swiss training involves 
both SGUM courses with a structured 48-h curriculum, and 
EULAR courses. A final exam and 400 ultrasound examina-
tions (200 supervised and 200 self-reported) with a balanced 
distribution on the musculoskeletal system are required for 
certification [31]. The approach of both countries ensures a 
comprehensive understanding and practical application of 
MSUS in rheumatology.

In Canada and the United States, the dawn of ultrasound 
in rheumatology has begun. In Canada, the expert consensus 
recommendations for MSUS education in Canadian rheu-
matology residency training programs [32] in addition to 
courses offered by CRUS (Canadian Rheumatology Ultra-
sound Society) [33], and similar efforts in the United States 
to train rheumatologists through the Ultrasound School of 
North American Rheumatologists (USSONAR)[34] and 
satellite courses, as well as the MSUS curriculum [35] 
and MSUS certification in Rheumatology (RhMSUS) [36] 
offered by the ACR. These initiatives reflect a global interest 
in standardizing MSUS education and provide a framework 
for adapting educational strategies to local contexts.

While these models, international collaboration, and 
the exchange of expertise are invaluable benchmarks, it 
is essential to consider unique healthcare landscapes and 
resource constraints in each country. The collaborative 
efforts observed in other countries may serve as inspiration 
for the development of a tailored approach that addresses the 
specific needs of young rheumatologists in Mexico.

These results highlight the challenges faced by young 
rheumatologists in Mexico, including limited access to 
training and the absence of a standardized curriculum. The 
positive correlation between MSUS attitudes and learning 
from colleagues, in-person training, and institutional support 
suggests potential avenues for overcoming challenges. Iden-
tification of specific drivers of positive attitudes, such as the 
use of MSUS for diagnosis or monitoring of inflammatory 
joint disease and the presence of radiologists using MSUS 
in respondents’ institutes, provides actionable insights. This 
underlines the importance of interdisciplinary collaboration 
and support within healthcare institutions. This can guide 
the development of targeted interventions to enhance MSUS 
education and facilitate its integration into routine clinical 
practice.
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While we were analytically limited by sample size, our 
study captured nearly 40% of our target population across 
diverse geographies and states, enabling a robust assessment 
of MSUS in young rheumatologists in Mexico. With an 
already high response rate, significant sample size increases 
required to improve generalizability would necessitate 
increases in the number of young rheumatologists entering 
the workforce in Mexico. Despite the strong national repre-
sentation of young rheumatologists in our sample, the nearly 
unanimous interest in learning MSUS impeded our ability 
to explore multivariable associations driving this interest. 
Further, this study did not explore attitudes and practices 
among older rheumatologists, as our focus was on under-
standing the next generation of clinicians and their needs 
as they relate to the future of MSUS in rheumatology in 
Mexico. Future work should investigate MSUS among both 
young and older rheumatologists in Mexico as well as in 
other global contexts. Notwithstanding these limitations, the 
alignment between our results and recent international work 
exploring ultrasound education supports the generalizability 
of our findings both nationally and in the global ultrasound 
education community.

Our proposal for evidence‑based MSUS education

We propose a targeted intervention to overcome these limita-
tions and barriers (Fig. 5). Initially, it is essential to reach a 
consensus on the topics to be integrated into an introductory 
ultrasound training during rheumatology specialization. This 
agreement would determine the breadth of training, whether 
it be basic, intermediate, and/or encompass advanced 
aspects. Subsequently, the development of a standardized 
curriculum is proposed to ensure the acquisition of essen-
tial knowledge by rheumatology residents, enabling them 
to identify normal sonoanatomy and common pathologies 
that require an ultrasound for diagnosis and distinguish 
them from their differential diagnoses. This knowledge base 
would provide rheumatologists with the ability to advance 
their ultrasound training, exploring more specialized topics 
through additional courses or certifications.

In addition to the curriculum during residency, the estab-
lishment of a regulatory body, such as an ultrasound school for 
rheumatologists, is proposed to certify the experience of the 
rheumatologist. Over a defined period, for example, 3 years, 
rheumatologists would have the opportunity to complete defin-
itive certification in ultrasound. Flexibility in the certification 
period would be beneficial to adapt to students’ diverse cir-
cumstances, allowing options to accelerate or extend certifi-
cation time according to individual needs. To avoid indefinite 
extensions, a time limit would be set. This regulatory body 
would consist not only of rheumatologist experts in ultrasound 
but also of radiologists with experience in MSUS, acting as 
tutors and verifying judges, each responsible for a specific 

group of students. Inclusion of experts in MSUS and radi-
ologists in the planning and execution of the program would 
provide a valuable interdisciplinary perspective.

Interactions between students and teachers would be 
structured into in-person modules, such as clinical rotations 
or practical workshops, and online modules. Our study 
revealed that, after residency, rheumatologists face difficul-
ties in pursuing an in-person curriculum, generating signifi-
cant interest in hybrid learning. Therefore, the development 
of an online platform offering interactive modules and digi-
tal resources is crucial. A specific number of musculoskel-
etal and extra-articular ultrasound scans could be requested, 
divided into supervised and independent scans, all reviewed 
and approved by a tutor. This approach would provide rheu-
matologists with dual learning, combining residency with 
certification under the regulatory body, strengthening their 
skills, and offering the option to complete their ultrasound 
certification during or after their rheumatology specializa-
tion program. To ensure education quality, a final in-person 
exam, supervised by tutors, is proposed as a definitive com-
plement to certification.

This idea could lay the foundation for establishing the 
“Mexican way” of teaching ultrasound in rheumatology and 
serve as an example to other healthcare systems worldwide, 
just as others have served as examples for writing this article.

To the best of our knowledge, this is the first evidence-
based study to demonstrate the importance of barriers and 
limitations of MSUS use among young rheumatologists 
in Mexico, identify key drivers of its use, and propose an 
evidence-based model for advanced MSUS education and 
certification for the new generation of clinicians in a post-
pandemic world.

Our study emphasizes a crucial inflection point in the 
evolution of MSUS in rheumatology. Moving beyond the 
initial excitement of the utility of MSUS and witnessing its 
impact, the focus now shifts towards standardization and 
formal integration into rheumatology education. We empha-
size the need for a paradigm shift in MSUS education, mov-
ing beyond short and limited courses to a more compre-
hensive and standardized approach. In line with successful 
programs around the world, these results support the need 
for ultrasound education in rheumatology residency training 
programs in Mexico. Implementing such recommendations 
in Mexico and similar healthcare settings worldwide could 
lead to improved diagnostic accuracy and patient care and 
contribute to the advancement of rheumatological practice.

Conclusions

In conclusion, our study contributes valuable insights into the 
current state of MSUS education among young rheumatolo-
gists in Mexico. Most young rheumatologists recognize the 



2115Clinical Rheumatology (2024) 43:2103–2116 

necessity of MSUS in clinical practice, especially those with 
prior training, practice use, and access to expertise. Enhanc-
ing MSUS education, training opportunities, and rheumatol-
ogist-radiologist collaboration can address adoption barriers, 
ultimately improving patient care. By addressing identified 
barriers and leveraging international models, there is a clear 
opportunity to enhance MSUS knowledge, attitudes, and 
practices, empowering young rheumatologists with the skills 
necessary for effective use of MSUS ultimately benefiting 
patient care in rheumatological settings. The transformation 
from sporadic courses to standardized education represents 
a paradigm shift that holds the promise of reshaping rheu-
matological practice in the country and beyond, because the 
findings of this study are not only relevant to Mexico but also 
offer lessons for other healthcare systems striving to integrate 
MSUS into routine clinical practice. However, this shift can 
only be achieved by thorough collaboration.

In the bold pursuit of a brighter future in rheumatology, our 
study echoes the unwavering spirit of the young rheumatolo-
gists of Mexico. Their shared experiences, etched within these 
findings, propel us towards a future where standardized MSUS 
education becomes the beacon of progress. The power of us, 
as rheumatologists, lies in recognizing our strength founded 
in unity and cooperation, calling upon those with ultrasound 
expertise to join in this endeavor, for it is through our collective 
effort that we find progress. Together, we stand on the precipice 
of a new era, embracing the promise of enhanced patient care 
and innovation in the noble pursuit of excellence and health.
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