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Therapeutic Advances in 
Musculoskeletal Disease

Introduction
The speed of development and the potential of arti-
ficial intelligence (AI) in medicine is striking.1 
Beyond the applications of machine learning for 
diagnosis, prognostic factors as well as biomarkers,2 

the use of large language models (LLMs) has 
gained a lot of momentum in medicine. Major 
medical journals (e.g., New England Journal of 
Medicine or the Lancet) released subjournals for AI 
and digital health highlighting the significance of 
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Abstract
Background: The development and potential of artificial intelligence (AI) is remarkable. Its 
application in all medical disciplines, including rheumatology, is attracting attention. To 
what extent AI is already used in clinical routine in rheumatology is unknown. In addition, the 
perceived barriers, potentials, and expectations regarding AI by rheumatologists have not yet 
been studied.
Objectives: To examine the current usage and perceived barriers and facilitators of AI, 
including large language models (LLMs), among rheumatologists.
Design: National, observational, non-interventional, and cross-sectional web-based study.
Methods: A web-based survey was developed by the Working Group Young Rheumatology 
(AGJR) of the German Society for Rheumatology. The survey was distributed at the Congress 
of the German Society for Rheumatology and via social media, QR code, and email from 
August 30 until November 4, 2023.
Results: Responses from 172 rheumatologists (55% female; mean age 43 years) were 
analyzed. The majority stated that they did not previously use AI (73%) in their daily practice. 
Eighty-eight percent of rheumatologists rated their AI knowledge as low to intermediate and 
84% would welcome dedicated training on LLMs. The majority of rheumatologists anticipated 
AI implementation to improve patient care (60%) and reduce daily workload (62%). Especially 
for diagnosis (73%), writing medical reports (70%), and data analysis (70%), rheumatologists 
reported a potential positive benefit of AI. Main AI concerns addressed the responsibility for 
medical decisions (64%) and data security (58%).
Conclusion: Overall, the results indicate that rheumatologists currently have little 
AI knowledge and make very little use of AI in clinical routine. However, the majority 
of rheumatologists anticipate positive AI effects and would welcome increased AI 
implementation and dedicated training programs.
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this technology. The release of ChatGPT in 
November 2022 has additionally accelerated the 
interest and usage of LLM in medicine.3 
ChatGPT-4 correctly answered 94% of the rheu-
matology questions from the Spanish medical 
training access exam4 and recently performed 
diagnostically better than experienced rheuma-
tologists, at least in terms of sensitivity.5 However, 
as with any new technology, there are concerns 
regarding the benefits and risks of AI. While there 
is hope that AI can lead to shorter disease delays, 
cover shortages of specialists, and aid in research 
development, there is also a fear of overdiagnosis, 
uncontrollable data, misinformation, and loss of 
transparency.3,6–9

The European Alliance of Associations for 
Rheumatology (EULAR) anticipated the poten-
tial of AI for rheumatology and set up a dedicated 
task force in 2018.10 This task force systematically 
screened the literature10 and published points to 
consider for the use of big data in rheumatic and 
musculoskeletal diseases.11 To ensure the effec-
tive implementation12 of AI in rheumatology care, 
it is essential to also systematically analyze the 
perspectives of key stakeholders, including rheu-
matologists. It is currently unclear to what extent 
AI is used in rheumatology clinical routine. In 
addition, the perceived barriers, facilitators, and 
expectations regarding AI by rheumatologists 
have not yet been evaluated.

This study aimed to close these knowledge gaps 
by conducting a web-based national survey to 
understand the current use and perceptions of AI 
and LLM by rheumatologists.

Methods
A web-based survey was designed by the Working 
Group Young Rheumatology (AGJR) of the 
German Society for Rheumatology (Supplemental 
Material 1). An expert panel identified three main 
areas of interest to investigate: (1) AI and LLM 
usage, (2) AI knowledge, and (3) AI and LLM 
barriers and potential.

A formal inquiry was submitted to the ethics 
committee of the Philipps University Marburg, 
Germany (23-264 ANZ). Due to the anonymous 
and non-interventional nature of the study, it was 
deemed exempt from IRB review.

After individual literature research, a first survey 
draft was designed by the expert panel and then 

adapted according to feedback from the other 
members of the AGJR. All 17 items of the ques-
tionnaire were mandatory once the questionnaire 
was started. With participation in the open, anon-
ymous, and voluntary survey, agreement was 
requested and later on interpreted as informed 
consent. No cookies or IP addresses were used. 
Results were stored anonymously with time 
stamps and were only accessible to the principal 
investigators. The survey was performed with 
Google Forms and was distributed at the Congress 
of the German Society for Rheumatology and 
additionally accessible from August 30 until 
November 4, 2023, via email, social media, and 
QR code. All rheumatologists (specialists and 
trainees) were eligible. For each successfully com-
pleted questionnaire, the AGJR donated 5€ to the 
Deutsche Rheumastiftung.

The study population was divided into two groups 
according to the median of 38 years (⩽38 and 
>38 years) to analyze age differences. A Fisher’s 
exact test was calculated for subgroup analysis to 
investigate sex or age differences in single-answer 
questions. We used a Chi-square test for sub-
group analysis for age and sex and multiple-
answer questions as the item asking for barriers of 
AI. Descriptive analysis and statistics were calcu-
lated with IBM SPSS Statistics Version 28.0.1.0. 
Windows (SPSS Inc., Chicago, IL, USA). 
Graphics were created with GraphPad Prism ver-
sion 9.0.2 (GraphPad, San Diego, CA, USA). 
Reporting was conducted according to the check-
list for reporting results of internet e-surveys 
(CHERRIES; Supplemental Material 2).13

Results

Study population
In all, 172 rheumatologists completed the survey, 
of whom 55.2% (95/172) were female. The mean 
participant age was 42.5 years (23–72 years, 
median 38 years). Two-thirds (107/172, 62.2%) 
of rheumatologists were board-certified. The 
largest group of rheumatologists participating 
worked in university hospitals (71/172, 36.2%) 
(Table 1).

AI usage
Most rheumatologists had never used AI 
(126/172, 73.3%) in a work-related context 
(Figure 1). Daily use of AI was reported by 2.3% 
(2/172). No significant gender- or age-adopted 
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differences (younger vs older than the median of 
38 years) in rheumatologists regarding usage fre-
quency of AI were identified (data not shown).

LLMs were used by 60/172 (34.9%), with signifi-
cantly more men stating the usage of LLM 
(meaning monthly, weekly, or daily usage; 34 
men vs 25 women, p = 0.015 by Fisher’s exact 
test), whereas age-adopted analysis did not show 
significant differences.

LLMs were used for scientific writing (29/60, 
48.3%), patient correspondence (28/60, 46.7%), 
and diagnosis (27/60, 45.0%) (Figure 2a). 
Assistance with writing medical reports (20/60, 
33.3%), documentation, and correspondence to 
health insurance companies (17/60, 28.3%) was 
also reported. Only 8/60 (13.3%) reported that 
they used LLMs for treatment decisions and only 
4/60 (11.7%) reported the use of LLMs for treat-
ment monitoring.

Presumed future AI application areas (Figure 
2b) were reported by rheumatologists as follows: 
diagnosis (125/172, 72.7%), writing medical 
reports (121/172, 70.3%), data analysis (120/172, 
69.8%), documentation (119/172, 69.2%), opti-
mizing structural processes (111/172, 64.5%), 
and health insurance correspondence (110/172, 
64.0%). Patient correspondence, treatment deci-
sions, patient monitoring as well as scientific 
writing were reported less frequently (58.7%, 
53.5%, 51.2%, and 45.3%, respectively). 
Younger rheumatologists (⩽38 years) stated 
more often structural, workload-related applica-
tions like AI usage in the documentation and 
optimizing structural processes (64 vs 55 and 68 
vs 43), whereas rheumatologists older than 
38 years presumed future AI usage more in diag-
nosis (66 vs 59).

Most rheumatologists (141/172, 82%) preferred 
a transparent AI-based diagnostic decision sup-
port compared to an AI-based diagnostic decision 
support with improved diagnostic accuracy but 
an untransparent decision algorithm.

AI knowledge
Most rheumatologists declared their AI knowl-
edge as very low to intermediate (151/172, 
87.8%) and 83.7% (144/172) welcomed dedi-
cated training on LLMs (Figure 3a and b). No 
differences regarding age or gender were detected 
(data not shown).

Potential and barriers to AI
AI’s influence on patient care was seen as positive 
or very positive by the majority of rheumatologists 

Figure 1.  Reported frequency of AI use in clinical practice according to sex. 
Legend: Most rheumatologists stated that they had never used AI in clinical 
practice (73.3%). No significant difference between the sexes was found.
AI, artificial intelligence.

Table 1.  Characteristics of rheumatologists.

Characteristics Rheumatologists, n = 172

Age, years (mean ± standard deviation) 42.5 ± 12.8

Women, n (%) 95 (55.2)

Training status, n (%)

  Resident 65 (37.8)

  Board-certified rheumatologist 107 (62.2)

Type of workplace, n (%)

  Solo practice 15 (7.7)

  Group practice 27 (13.8)

  Medical care center 16 (8.2)

  Outpatient specialist care 21 (10.7)

  Primary care clinic 27 (13.8)

  Non-university hospital 19 (9.7)

  University hospital 71 (36.2)
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(104/172, 60.4%) (Figure 3c). Similarly, the 
majority assumed a positive or very positive influ-
ence of AI on the daily workload (106/172, 
61.6%) (Figure 3d).

Regarding the impact on the future patient–phy-
sician relationship, 52.9% (91/172) stated that AI 
would have no effect, while a (major) improve-
ment was seen by 32.6% (56/172) and a (major) 
deterioration by 14.5% (25/172) (Figure 3e). 
84.9% (146/172) did not believe that their medi-
cal work could become redundant due to AI 
(Figure 3f).

Interestingly, younger rheumatologists (⩽38 years) 
presumed an even more positive influence of AI 
on patient care and the daily workload (p = 0.002 
and p = 0.003, respectively, by Fisher’s exact test). 
Furthermore, gender subanalysis revealed that 
women suspected a more positive influence of AI 
on patient care than men (p = 0.018 by Fisher’s 
exact test). Otherwise, no significant differences 
in the age-stratified or gender-stratified analysis 
were found.

Reduction of repetitive tasks was rated most often 
at 84.9% (146/172) as a benefit of implementing 

Figure 2.  (a) Reported areas of application of LLMs and (b) reported potential future areas of application of AI.
Legend (a) Others: translations, e-mail correspondence, councils, etc.
LLMs, large language models; AI, artificial intelligence.
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AI (Figure 4a). An improvement in evidence-
based medicine (106/172, 61.6%) and diagnosis 
as well as treatment decisions (99/172,  
57.6%) were also perceived benefits of AI 
implementation.

Major barriers seen by rheumatologists were the 
responsibility for AI-based decisions (110/172, 

64%) and data security issues (99/172, 57.6%) 
(Figure 4b). Other barriers mentioned were insuf-
ficient knowledge about the use of AI (84/172, 
48.8%), fear of the influence of big technology 
companies (77/172, 44.8%), and the fear that AI 
could become the “new gold standard” (54/172, 
31.4%). Low trust in AI in general was reported 
by a quarter of rheumatologists (43/172, 25%). 

Figure 3.  (a) Perceived AI knowledge, (b) acceptance of AI training, and (c–f) anticipated impact of AI on clinical care.
AI, artificial intelligence.
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No significant differences in age or gender were 
detected regarding presumed barriers (data not 
shown).

Discussion
To the best of our knowledge, this is the first 
study to examine rheumatologists’ current use 
and perceived barriers and facilitators of AI and 
LLM. Our findings show that most German 
rheumatologists would welcome the increased 
use of AI in clinical practice due to its anticipated 
benefits. Current AI use and AI knowledge were 
low, and rheumatologists welcomed dedicated 
training on LLMs as one of the most recent devel-
opments of AI, most likely reflecting a general 
wish for AI training.

These results are in line with findings in the other 
medical fields. For example, in a recent survey in 
China, over 90% of healthcare workers were 
found to be very willing to learn and study AI.14 

Radiology, as an AI implementation frontrunner, 
offers several AI training programs and confer-
ences; however, academic institutions are rarely 
involved, professional institutions as radiologic 
societies and commercial companies dominate the 
offer.15,16 European medical imaging professionals 
recently called for a university-led systematic  
curriculum.16 To accelerate AI implementation, 
German university hospitals are increasingly 
offering structured digital clinician scientist pro-
grams. During this time, physicians have dedi-
cated and protected research time for digital 
health (often AI) studies closely linked to the 
respective clinical work.

Ideally, AI would already be integrated into the 
medical curriculum to sustainably increase the AI 
competency of the medical profession. A recent 
review highlighted how important precise LLM 
prompt engineering is to use LLMs most effec-
tively for academic rheumatology. Webinars and 
online courses could be offered by rheumatology 

Figure 4.  (a) Reported potential advantages of AI and (b) potential barriers. Legend (a) Others: improvement of 
administrative aspects, paring down personnel. Legend (b) Others: less personal contacts, unreliable sources 
for AI results, and physicians themselves becoming redundant.
AI, artificial intelligence.
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societies to foster the safe and effective adoption 
of LLMs.17

Our results are consistent with a survey among 
imaging-focused clinicians.18 The authors found 
that 71% of clinicians believed AI to improve their 
clinical work (61% in this study). Similarly, our 
study identified AI diagnostic tools as a top use 
case for AI implementation. First pilot studies sug-
gested that LLMs like ChatGPT-45 or AI-based 
symptom checker apps for laypersons19 may iden-
tify rheumatic diseases even more reliably than 
experienced rheumatologists. A prospective rand-
omized controlled trial however revealed limited 
accuracy of symptom-based diagnostic tools 
(symptom checkers) for rheumatic diseases as the 
correct diagnosis was only given among the top 
five suggested diagnoses in 17%–26% of the cases. 
The authors suggest that this might be due to the 
complexity of the usual rheumatologic diagnostic 
workup comprising imaging, laboratory, and clini-
cal examination.20 Even more elegant than patients 
using AI-based screening apps would be to make 
use of already collected patient data. For instance, 
van Leeuwen et al. recently demonstrated how AI 
was successfully used to identify rare vasculitis 
patients from electronic health records.21

Interestingly, in our study, rheumatologists pre-
ferred an inferior accuracy but transparent AI rea-
soning over intransparent diagnostic decisions with 
higher accuracy. Combined with the stated poten-
tial barriers of final responsibility and safety, this 
emphasizes the need to ensure trustworthiness.22 A 
racial and gender bias of ChatGPT-4 has recently 
been demonstrated.23 Current governmental guid-
ance and regulations try to ensure such trustworthi-
ness. The European AI Act, for example, 
encompasses comprehensive rules to guarantee 
trustworthy and fair AI.24 Of note, our survey did 
not encounter gender-related differences in use or 
expectancies regarding AI in rheumatology.

Moreover, the preference for a transparent AI 
algorithm may indicate additional desires regard-
ing AI development. Future research should 
investigate whether rheumatologists seek detailed 
information about the specific data models on 
which the AI was trained and the exact data it 
utilized. These questions were not addressed in 
our current survey.

Rheumatologists also anticipate improvement with 
AI regarding treatment and patient monitoring. In 
a landmark study, Gossec et al. demonstrated that 

disease flares could be reliably predicted by AI 
based on passively collected step-count data from 
patients with rheumatoid arthritis and spondy-
loarthritis.25 A recent study found that using an 
AI-based flare risk tool led to more consistent 
treatment decisions and a reduction in treatment 
by rheumatologists.26 Another benefit of AI, was 
the reduction of workload, stated by 61.6% of the 
rheumatologists. AI itself by interpreting images, 
values, and parameters may help in many clinical 
settings. For example, the workload of visual 
interpretation of antinuclear antibodies (ANA) 
immunofluorescence can be reduced when using 
an AI-driven visual analyzer.27 In addition, the 
implementation of LLMs in electronic medical 
reports may reduce the bureaucracy and therefore 
might ameliorate the daily workload of any physi-
cian.3 Furthermore, LLMs may aid in answering 
frequently asked patient questions.28,29

While 52.9% of the rheumatologists assumed a 
neutral influence on the patient–physician rela-
tionship, a deterioration was expected in 14.5%. 
Interestingly, a cross-sectional study by Ayers et 
al. was able to demonstrate that ChatGPT 
answers to patients’ questions were rated as better 
and more empathic than physicians’ answers.29 
Easy access to LLM will certainly empower 
patients, reducing information asymmetry, lead-
ing to more autonomy and elimination of any 
residue of medical paternalism. Lorenzini et al. 
predicted a paradigm shift toward a three-way 
relationship between patient, physician, and AI 
that can improve shared decision-making when 
the autonomy of both patients and physicians in 
this process is maintained.30 Training on both 
sides on AI’s influence on shared decision-mak-
ing as well as on patient–physician relationships 
including potential risks and benefits of AI is 
therefore warranted.31

A major limitation of this work includes a possible 
sampling bias. Due to the promotion of the sur-
vey at the annual German rheumatology con-
gress, a high proportion of academically active 
rheumatologists participated. No significant dif-
ference between university-hospital and non-uni-
versity hospital-employed rheumatologists was 
however observed (data not shown). In addition, 
no cookies or IP addresses were used and partici-
pants could theoretically answer the question-
naire multiple times. The survey length was 
limited and that is no open-ended questions were 
included; thus the scope of responses and percep-
tions of rheumatologists is limited.
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Conclusion
The majority of rheumatologists expect AI includ-
ing LLM to improve many aspects of their work 
and patient care. To overcome current low use 
and adequately address the dangers and barriers 
of AI, high-quality training programs are needed. 
Furthermore, the aforementioned potential barri-
ers regarding the safety and trustworthiness of AI 
imply the need for ethical and legal guidelines for 
physicians to enforce its implementation in clini-
cal practice.
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