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Abstract 

Background: The Arthritis Ultrasound Robot (ARTHUR) is an automated system for ultrasound scanning of the joints 

of both hands and wrists, with subsequent disease activity scoring using artificial intelligence. The objective was to 

describe the patient’s perspective of being examined by ARTHUR, compared to an ultrasound examination by a rheu-

matologist. Further, to register any safety issues with the use of ARTHUR.

Methods: Twenty-five patients with rheumatoid arthritis (RA) had both hands and wrists examined by ultrasound, 

first by a rheumatologist and subsequently by ARTHUR. Patient-reported outcomes (PROs) were obtained after the 

examination by the rheumatologist and by ARTHUR. PROs regarding pain, discomfort and overall experience were 

collected, including willingness to be examined again by ARTHUR as part of future clinical follow-up. All ARTHUR 

examinations were observed for safety issues.

Results: There was no difference in pain or discomfort between the examination by a rheumatologist and by 

ARTHUR (p = 0.29 and p = 0.20, respectively). The overall experience of ARTHUR was described as very good or good 

by 92% (n = 23), with no difference compared to the examination by the rheumatologist (p = 0.50). All (n = 25) 

patients were willing to be examined by ARTHUR again, and 92% (n = 23) would accept ARTHUR as a regular part of 

their RA clinical follow up. No safety issues were registered.

Conclusions: Joint ultrasound examination by ARTHUR was safe and well-received, with no difference in PRO com-

ponents compared to ultrasound examination by a rheumatologist. Fully automated systems for RA disease activity 

assessment could be important in future strategies for managing RA patients.

Trial registration: The study was evaluated by the regional ethics committee (ID: S-20200145), which ruled it was not 

a clinical trial necessary for their approval. It was a quality assessment project, as there was no intervention to the 

patient. The study was hereafter submitted and registered to Odense University Hospital, Region of Southern Den-

mark as a quality assessment project and approved (ID: 20/55294).
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Background
Rheumatoid arthritis (RA) is a common systemic inflam-

matory disease that untreated, can lead to joint destruc-

tion and severe disability. Early diagnosis and effective 

disease monitoring is essential for long term remission 
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and to reduce the risk of permanent joint damage [1]. RA 

affects around 0.5–1.0% of the population and reduces 

the quality of life and work capacity [2].

RA is a significant challenge for the health care sec-

tors worldwide due to population growth, ageing, and 

lack of personnel specialised in rheumatology [1, 3, 4]. In 

the United States alone, by 2040, the number of patients 

suffering from arthritis disease is projected to increase 

by 49%, affecting 78.4 million patients [3]. At the same 

time, by 2030, rheumatology providers (physicians, nurse 

practitioners and physician assistants) will decline in the 

United States by 25% [4]. Another risk for RA patients is 

the high inter- and intra-observer variability in clinical 

joint assessment (joint palpation) [5]. Further, in a study 

across 17 European countries including about 600 rheu-

matologists, only 14% of the rheumatologists reported 

performing a formal joint count at each visit of each RA 

patient [6].

Due to the combination of all these challenges, there 

is an urgent need to develop new strategies for early dis-

ease detection and objective timely monitoring for all RA 

patients [3]. �erefore, ultrasound has become a useful 

clinical tool in many rheumatological clinics. Ultrasound 

examination of joints can detect RA earlier than clinical 

joint examination, and in established RA patients predict 

radiographic progression and disease flare [7–9]. In sus-

pected arthritis patients, ultrasound may reduce the time 

to final diagnosis and number of needed hospital visits 

[10]. In addition, systematic ultrasound scanning of the 

hands and wrists in RA patients can be used to detect 

subclinical disease, monitor treatment response and 

monitor remission in established RA [11–15].

Joint ultrasound scanning is often criticized for being 

operator-dependent which improves with training and 

with developed consensus-based and validated ultra-

sound definitions and scoring systems for synovial hyper-

trophy and Doppler activity [16, 17]. However, many 

departments do not acknowledge the time needed for 

training and performing the ultrasound examination in 

routine care. Furthermore, the intra- and inter-observer 

variability in image acquisition and interpretation of dis-

ease activity is also an issue [5, 18]. In addition, a lack 

of qualified rheumatologists able to perform ultrasound 

may result in suboptimal patient assessment. �is can 

also lead to increased waiting lists for ultrasound assess-

ment, affecting the effectiveness of both the patient and 

the hospital.

�ese issues challenge the current and future use of 

ultrasound for diagnosing and monitoring RA patients 

and potentially other arthritis conditions. A strategy to 

address these challenges could be implementing new 

technologies in arthritis patients’ assessment, such as 

robotics and artificial intelligence (AI). An arthritis 

ultrasound robot (ARTHUR) has been developed (Fig. 1), 

combining the two fields.

ARTHUR is an automated imaging platform designed 

to perform ultrasound examinations of the hand and 

wrist joints. ARTHUR guides the patient using audio and 

screen instructions throughout the ultrasound exami-

nation. �e platform automatically detects the joints of 

the patients’ hands when placed on the screen and then 

moves a robotic arm with an ultrasound probe over each 

joint—one at a time (Fig. 1B–H). ARTHUR takes both a 

grey scale and Doppler ultrasound images of each joint. 

ARTHUR uses convolutional neural networks (CNN) to 

assess disease activity on the joint ultrasound images. 

Disease activity is assessed on both the greyscale and 

Doppler images, by separate CNN´s. CNN’s have been 

established as the state-of-the-art approach for automatic 

image recognition and analysis. ARTHURS Doppler 

CNN’s have a high sensitivity and specificity, compared 

to expert disease activity assessment (ground truth) [19, 

20]. An example of grey scale ultrasound image of the 

same joint by respectively ARTHUR and the rheumatolo-

gist is shown in Fig. 2.

�is study investigates the patients’ perspective 

of having an ultrasound examination performed by 

ARTHUR compared to an ultrasound examination by a 

rheumatologist.

Methods
�e aim was to describe the patient’s perspective of being 

examined by ARTHUR, compared to an ultrasound 

examination by a rheumatologist. Further, to register any 

safety issues with the use of ARTHUR.

Patients

Patients were included from the Department of Medi-

cine, Section of Rheumatology, at Svendborg Hospital—

Odense University Hospital. Patients were eligible for 

inclusion if they had RA, defined by the 2010 EULAR/

ACR RA classification criteria, and were at least 18 years 

of age. �e study is an observational cross-sectional 

study. Participants were identified using consecutive 

screening and enrollment, based on time for the patients 

planned regular RA activity assessment visit. Using 

this method, patients with planned time in the outpa-

tient clinic, on the days where ARTHUR was installed, 

could thereby be enrolled in the study. �e patient was 

first examined by ultrasound by a rheumatologist, then 

ARTHUR. All participants signed informed consent. 

Exclusion criteria were RA with severe joint destruction.

�e study was initially evaluated by the regional eth-

ics committee (ID: S-20200145), which ruled it a qual-

ity assessment project. �ere was no intervention in the 

study, so ethical approval was not needed. �e study 
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was hereafter submitted to Odense University Hospital, 

Region of Southern Denmark as a quality assessment 

project and approved (ID: 20/55294). A data user and 

data handling agreement regarding this study between 

OUH and ROPCA Holding were signed 4/12-2020. �e 

Danish Medicine Agency evaluated ARTHUR as not to 

be applied as a new medical device, as all parts are CE 

approved and used as approved (Danish Medicines 

Agency (Lægemiddelstyrelsen), Ref.: 2017123702).

Ultrasound examinations

Rheumatologist

�e rheumatologist used a GE Logiq 10 ultrasound scan-

ner with an ML-6-15 probe from GE (GE Healthcare, 

Chicago, USA) for the ultrasound assessment of hands 

and wrists bilateral. �e patients were seated with their 

hands resting on an examination bed (Fig.  1A). �e 

ultrasound examination followed the EULAR guidelines 

[21].

ARTHUR

ARTHUR is a system developed first as a University 

of Southern Denmark (SDU) and Odense University 

Hospital (OUH) project, then developed into a com-

pany called ROPCA Holding (Odense, Denmark). 

�e version of ARTHUR used in this trial (Fig.  1B) is 

composed of; (1) A table with a touch screen where 

the hands are placed. (2) A camera to detect the indi-

vidual joints of the hand. (3) A clinically approved (IEC 

60601-1 and IEC 62304) robotic arm (Model: LBR Med 

7 R800, Kuka Robotics, Augsburg, Germany). (4) With 

an attached ML-6-15 probe from GE (GE Healthcare, 

Chicago, USA) connected to a GE Logiq 10 scanner to 

record ultrasound images of the joints (Fig. 1E–H). (5) 

Fig. 1 A The rheumatologist performs the first ultrasound examination. B The ARTHUR system used in this trial used a GE Logiq 10 ultrasound 

scanner. C The patient scans their ID card and receives instructions by both audio and on the touchscreen on how to proceed. D The patient 

places ultrasound gel on one hand. E ARTHUR starts to ultrasound scanthe patient. ARTHUR instructs the patient when its time to remove the 

gel and place ultrasound gel on the other hand. F ARTHUR scans the wrist joint, see also Fig. 2. G ARTHUR ultrasound scans a PIP joint. H ARTHUR 

ultrasound scans MCP 1
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�e system used a CE approved AI system, DIANA, 

to score RA disease activity on Doppler ultrasound 

images. (6) �rough audio and instructions on the 

touch screen, the patient is guided through the process. 

(Fig.  1C). �e patient is instructed how to apply and 

remove ultrasound gel in this process, one hand at a 

time (Fig. 1D). All examinations were observed for any 

safety issues.

Patient-reported outcomes (PRO)

Questionnaires were obtained after scanning by the 

rheumatologist and after examination by ARTHUR and 

were related to the patients’ view of the examinations 

(Respectively Survey 1 and 2, see Additional file 1).

PRO data collected after examination by the rheumatologist

Gender and age were noted. Next, the patient was asked 

about the mood before arriving at the department 

(Angry, Surprised, Afraid, Sad, Expectant, Happy and 

Comfortable), the experience with the doctor (ranging 

from Good to Could have been much better with a pos-

sibility to elaborate on the answers in the free text box). 

�e mood after the examination was then assessed 

(same categories as before the examination) followed 

by a question regarding pain during examination with 

ten discrete values from 0 (no pain) to10 (max pain). 

A follow-up question was asked to identify in which 

joint the pain was felt. Finally, the patient was asked 

about discomfort on the same 0 to 10 discrete scale fol-

lowed by a question related to concerns of having an 

Fig. 2 Representative grey scale ultrasound image of the wrist (radiocarpal and intercarpal joint) from the same patient by respectively ARTHUR (A) 

and the rheumatologist (B)
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examination by ARTHUR(with five possibilities ranging 

from Completely unconcerned to Very concerned).

PRO data collected after ARTHUR examination

Experience, mood, pain and discomfort with ARTHUR 

was assessed on the same scales as after the rheuma-

tologist. �en came a series of 6 statements regarding 

(Entertained, Excited, Relaxed, Freedom, Satisfied, and 

Confidence) during the ARTHUR examination. Each 

with four answer possibilities ranged from Strongly Agree 

to Strongly Disagree. �en came two questions on what 

is essential for the patient when ultrasound scanned. 

�e patient could choose more than one answer, e.g., 

the ultrasound scan is fast and the doctor’s presence (see 

Additional file 1 for all answer possibilities). �en came a 

question regarding sufficient patient information before 

ARTHUR scanning. �en came six questions, all with 

three answer possibilities on the graphical user interface 

(GUI) of ARTHUR, asking if it was clear, understandable, 

informative, readable, and on the colors applied. �en 

came two questions on the need for more entertainment 

during the scanning and what it should be. �en on if 

ARTHUR should move faster, and after that, something 

else should be changed in the scanning process. �e last 

two questions were on willingness to be examined by 

ARTHUR again and if they would accept to be scanned 

by ARTHUR as a part of their future RA follow-up.

Statistics

All PRO data was collected on questionnaires as cate-

gorical data. Pain and discomfort evaluations described 

discrete values from 0 to 10, not continuous scales. PRO 

data is paired, as it was the same patient, first assessed 

by the rheumatologist and then by ARTHUR. Statistical 

comparison was performed applying the marginal homo-

geneity test (Stuart–Maxwell test). STATA (StataCorp, 

Texas, USA) Version 17 was used for analysis, and p val-

ues < 0.05 were significant.

Results
Twenty-five RA patients were included in the study. 

�ree patients were asked to participate but declined due 

to lack of time. Patients and disease characteristics are 

presented in Table 1.

In the following, the PRO data collected is presented, 

comparing the experience of the rheumatologist scan-

ning and ARTHUR.

Safety

No safety issues occurred during the trial.

Mood

After rheumatologist examination, the patient’s mood 

descriptions were positive (8% Expectant, 40% Happy 

and 52% Comfortable) and remained so after ARTHUR 

scanning (68% Happy and 32% Comfortable).

Overall experience

A comparison of the overall experience with being 

scanned by a rheumatologist versus ARTHUR is shown 

in Fig. 3. �e overall experience of an examination by the 

rheumatologist was described as very good or good by 

96% (n = 24) versus 92% (n = 23) for ARTHUR. �ere was 

no significant difference in overall evaluation comparing 

rheumatologist and ARTHUR examination (p = 0.50).

Pain and discomfort

Next, the patients’ pain and discomfort during the exami-

nation by the rheumatologist and ARTHUR, respectively, 

were investigated. �e results are shown in Fig. 4.

The concern before the ARTHUR scanning

�e patients’ concern about being scanned by ARTHUR 

before the examination is shown in Fig. 5.

�is shows that the majority of patients (84%, n = 21) 

were either completely unconcerned or unconcerned 

about being scanned by ARTHUR, while two were nei-

ther unconcerned nor concerned (8%) and two (8%) were 

concerned.

Patients experience during ARTHUR scanning

Regarding experiencing the scanning as entertaining, 84% 

answered strongly agree or agree, while 12% disagreed 

and 4% strongly disagreed. 64% found it exciting to be 

scanned (either strongly agrees or agree), while 36% did 

not (strongly disagree or disagree). 92% found the experi-

ence relaxing, while 8% did not agree with this statement. 

64% agreed that the possibility of scanning by ARTHUR 

gave them more freedom, while 36% did not agree. 76% 

Table 1 Baseline characteristics

CRP, C-reactive protein; DAS28CRP, Disease Activity Score in 28 joints combined 

with CRP value, RF, Rheumatoid factor antibody, CCP, cyclic citrullinated peptide 

antibodies

Characteristics Patients

Patients, n 25

Age (SD) 63,7 (12,22)

Female, n (%) 17 (68%)

Erosive disease, n (%) 10 (40%)

RF and/or CCP-positive, n (%) 17 (68%)

DAS28CRP (SD) 2.8 (1.2)
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agreed that ARTHUR joint scanning gave them a satis-

fying feeling, while 24% disagreed. Finally, 88% felt con-

fident after ARTHUR scanning, while 12% did not agree 

with this statement.

Overall, the patients evaluated the scanning by 

ARTHUR positively based on the assessment of the 

described statements. Of the statements of what’s most 

important for you when using ARTHUR, the top 4 was: It 

results in I receive good treatment, I feel there is time for 

it, there is a good atmosphere, and I know I get a consist-

ent scanning (for a complete list, please see Additional 

file 1: Survey 2).

Graphical user interface

All patients wrote that they received necessary informa-

tion during the examination by ARTHUR.

Here, 92% of the participants found the GUI design 

clear, and 96% found the GUI to be understandable. Fur-

thermore, 96%of the participants found that the GUI 

had a readable text size and font. Finally, 88% found the 

colours to be attractive. One of the three comments 

elaborating on the above was that the patient wanted an 

interpretation of the scanned images in real-time.

84% of the patients did not want entertainment dur-

ing scanning, while 12% wanted the possibility of audio-

books, and 4% wanted other types of entertainment not 

defined.

Ninety-six% of the patients wanted ARTHUR to scan 

them faster. However, regarding changing the way 

ARTHUR scans, 84% would not change it while 16% 

would. Here there were four comments, where three 

mainly focused on changing the way ARTHUR moved 

the probe while one wanted the audio volume increased. 

Asked if ARTHUR performed better scans than the rheu-

matologist, 64% of the patients said they did not know, 

while 32% answered no and 4% yes.

Future use of ARTHUR

Patients’ willingness to be examined by ARTHUR again 

and accept ARTHUR as a part of future RA control visits 

are shown in Fig. 6.

All the participating RA patients were willing to be 

examined by ARTHUR again. It was also investigated the 

patients view on whether ARTHUR could become a per-

manent part of their rheumatological follow-up here 92% 

(n = 23) of the RA patients would find this acceptable.

Discussion
We have presented results showing, to our knowledge, 

the first data on the rheumatological patient’s perspective 

on interacting with a fully automated ultrasound system.

When developing automated examination systems, the 

patient’s safety during examination is essential. �e robot 

arm used in the ARTHUR system is the LBR Med 7 R800 

from Kuka Robotics. It is approved for use in the clinical 

Fig. 3 Overall experience with ultrasound scanning by Rheumatologist and ARTHUR
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setting (IEC 60601-1 and IEC 62304 certified) and has 

several built-in safety measures. �ese include force/

torque sensor systems so that if ARTHUR meets unsus-

pected resistance in a movement, it will immediately 

stop. Also, ARTHUR is configured only to apply a low 

pressure when performing an ultrasound examination.

�e system also has a stop button, clearly visible for the 

patient, that, if pressed, returns ARTHUR to its starting 

position. �is study found no safety issues in the inter-

action between patient and ARTHUR, as all examina-

tions were unproblematic. Automated clinical systems 

should always have a healthcare professional nearby if the 

patient has questions or concerns.

Several factors affect the reporting of PRO data, e.g. the 

patients age, length of education, cultural background, 

and how data is collected in a trial [22]. �e age of our 

participants had a mean of 64  years, which we find to 

represent the RA patients mean age in general. Whether 

PRO data from much younger or older RA patients are in 

line with the findings in our study needs to be assessed in 

future studies.

Another factor affecting PRO data is the patient’s mood 

before the intervention. For example, patients may be 

more likely to report negative content when in a nega-

tive mood, potentially introducing bias [23]. In addition, 

Fig. 4 Comparing pain and discomfort by examination by respectively rheumatologist and ARTHUR. There was no difference in pain or discomfort 

between examination by a rheumatologist and by ARTHUR (p = 0.29 and p = 0.20, respectively). For details on which joint is affected by pain or 

discomfort, please see Additional file 1: Survey 1 and 2

Fig. 5 Patients concern about being scanned by ARTHUR before the 

examination
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patients and professionals’ acceptance of innovative 

medical technology relies on understanding their anxi-

eties and feelings of insecurity [24].  �erefore, we also 

included questions regarding mood and concerns in this 

study when assessing ARTHUR.

�e patient’s mood was overall positive before and 

after the rheumatologist and ARTHUR examination, so 

we do not think this factor has affected the other PRO 

data. �e majority were unconcerned when assessing 

concerns before ARTHUR evaluation, while 8% were 

concerned and 0% very concerned. Although this latter 

group is a minority, it is crucial to describe this group 

in future studies further. What are the concerns, and do 

these patients have characteristics to be identified before 

scanning and possibly receiving further information and 

guidance. In this study, the patient was first scanned 

by a rheumatologist and then by ARTHUR. We do not 

know how it would affect PRO data in this trial, if this 

was reversed, or the ultrasound scanning was done only 

by ARTHUR. Continues collection of PRO data when 

ARTHUR is used in the clinic or in trials is therefore 

essential to confirm the findings in this trial.

�e assessment of the overall experience was evalu-

ated positively after both examinations, with no signifi-

cant difference. However, the question is how much the 

study setup has affected this evaluation. �e patient 

was not alone with the robot, as there was an observer, 

so social interaction was possible. �is aspect can be 

further evaluated in future trials, where ARTHUR is 

used without an observer. Nevertheless, the evaluation 

of the overall experience with ARTHUR was very posi-

tive. It is important to note that the patients are famil-

iar with the assessment by the rheumatologist but have 

never experienced a fully automated system before. A 

part of the overall evaluation is also the scores of pains 

and discomfort during the two examinations. Here there 

was no significant difference between the rheumatolo-

gist and ARTHUR. Although not significant, it should 

be noted that there was an evaluation of scores 2, 3 and 

4 on the discomfort scale by ARTHUR, not expressed 

after the examination by the rheumatologist. �is could 

be because the patient must have the arm in the same 

position during ARTHUR scanning, while under rheu-

matologist examination, it is possible to adjust the posi-

tion somewhat. �e data collected will further develop 

ARTHUR for a more comfortable positioning during 

scanning. �e point that there was no significant differ-

ence in pain or discomfort is an important finding, as it 

shows that automated joint ultrasound scanning is pos-

sible from a patient’s perspective.

Patients found the GUI and information received dur-

ing scanning clear, and the majority of patients did not 

find a need for entertainment during the examination.

All patients were willing to be scanned by ARTHUR 

again, and the majority (92%) would accept ARTHUR as 

part of their future RA follow up. �erefore, future trials 

Fig. 6 Patient’s willingness to be ultrasound scanned by ARTHUR again and accept ARTHUR as part of future RA control visits
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with ARTHUR should again focus on the 6% that did 

not, their reason for this. �is could be interesting from 

a developmental viewpoint and give more knowledge on 

implementing new technologies for RA patients.

�e study has limitations. One is the small cohort 

(n = 25). Important data not collected was the length of 

education, comorbidity, degree of disability and disease 

duration. �ese data could give further insights into 

their view on both examinations by rheumatologists and 

ARTHUR. Also, adding what the patient thinks of the 

possibility of ultrasound examination when it suits the 

patient.

Automated imaging systems for screening and/or dis-

ease activity assessment are being developed within sev-

eral specialities, including ophthalmology and oncology 

[25, 26]. Patient involvement is essential in all phases of 

the development of these systems [24].

Conclusion
To our knowledge, ARTHUR is the first system that per-

forms fully automated ultrasound scanning of arthritis 

patients. Here RA patients have been a part of the devel-

opment process and, in this trial, deliver the first feed-

back on using it in an outpatient clinic.

In conclusion, this is the first study to assess the use of 

an automated ultrasound system in a rheumatologic out-

patient clinic from the patients’ perspective. ARTHUR 

was well received by the patients, and no safety concerns 

were identified. However, future studies are needed to 

validate these findings and the role of automated systems 

in future RA screening and monitoring strategies.

Abbreviations

ARTHUR: The Arthritis Ultrasound Robot; RA: Rheumatoid arthritis; PROs: 

Patient-reported outcomes; AI: Artificial intelligence; CNN: Convolutional neu-

ral networks; GUI: Graphical user interface; CRP: C-reactive protein; DAS28CRP: 

Disease Activity Score in 28 joints combined with CRP value; RF: Rheumatoid 

factor antibody; CCP: Cyclic citrullinated peptide antibodies; PIP: Proximal 

interphalangeal joint; MCP: Metacarpophalangeal joint.

Supplementary Information
The online version contains supplementary material available at https:// doi. 

org/ 10. 1186/ s42358- 022- 00263-2.

Additional �le 1. Additional PRO data.

Acknowledgements

Trine Meier from the University of Southern Denmark for helping in PRO data 

collection. We are also indebted to all the study subjects and personnel at 

Svendborg Hospital-OUH contributing data to this study. SAJ is supported by 

a grant from the Region of Southern Denmark (21/17499).

Author contributions

All authors have contributed substantially to the process of completing this 

study, specified as follows: Conception of the study: SAJ, LT, HLI, TRS. Design-

ing the study: SAJ, TRS, LT, HLI, MS. Aggregation of data: BF, MS. Statistics: 

SAJ, MS Interpretation of data: SAJ, BF, MS, LT, HLI. Drafting and revising, final 

approval, and agreement to be accountable: All authors. All authors read and 

approved the final manuscript.

Funding

SAJ is supported by a grant from the Region of Southern Denmark (21/17499).

Availability of data and materials

The datasets used and analyzed during the current study are available from 

the corresponding author on reasonable request. Ultrasound images are not 

available for sharing.

Declarations

Ethics approval and consent to participate

All patients signed informed consent to participate. The study was first evalu-

ated by the regional ethics committee (ID: S-20200145), which ruled it was not 

necessary for their approval. It was a quality assessment project where there 

was no intervention to the patient. The study was hereafter submitted to 

Odense University Hospital, Region of Southern Denmark as a quality assess-

ment project and approved (ID: 20/55294). A data user and data handling 

agreement regarding this study between OUH and ROPCA Holding were 

signed 4/12-2020. The Danish Medicine Agency evaluated ARTHUR as not 

to applied as a new medical device, as all parts are CE approved and used as 

approved (ID: 2017123702).

Consent for publication

Not applicable.

Competing interests

Employees of Ropca Holding were not involved in data analysis or in develop-

ing conclusions based on data. SAJ and TRS are cofounders of Ropca Holding. 

SAJ and TRS have received no salary or consultant fees from Ropca Holding.

Author details
1 Section of Rheumatology, Department of Medicine, Svendborg Hospital 

- Odense University Hospital, Baagøes Allé 15, 5700 Svendborg, Denmark. 
2 Mærsk Mc-Kinney Møller Institute, University of Southern Denmark, Odense, 

Denmark. 3 Copenhagen Center for Arthritis Research (COPECARE), Center 

for Rheumatology and Spine Diseases, Centre of Head and Orthopedics, Uni-

versity Hospital of Copenhagen, Rigshospitalet, Glostrup, Denmark. 4 Depart-

ment of Clinical Medicine, Faculty of Health and Medical Sciences, University 

of Copenhagen, Copenhagen, Denmark. 5 Ropca Holding, Odense, Denmark. 
6 The Rheumatology Research Unit, Department of Rheumatology, Odense 

University Hospital and University of Southern Denmark, Odense, Denmark. 

Received: 17 February 2022   Accepted: 2 August 2022

References

 1. Scott DL, Wolfe F, Huizinga TW. Rheumatoid arthritis. Lancet. 

2010;376(9746):1094–108.

 2. Aletaha D, Smolen JS. Diagnosis and management of rheumatoid arthri-

tis: a review. JAMA. 2018;320(13):1360–72.

 3. Miloslavsky EM, Bolster MB. Addressing the rheumatology work-

force shortage: a multifaceted approach. Semin Arthritis Rheum. 

2020;50(4):791–6.

 4. Battafarano DF, Ditmyer M, Bolster MB, Fitzgerald JD, Deal C, Bass AR, 

et al. 2015 American College of Rheumatology Workforce Study: Supply 

and Demand Projections of Adult Rheumatology Workforce, 2015–2030. 

Arthritis Care Res. 2018;70(4):617–26.

 5. Scheel AK, Schmidt WA, Hermann KG, Bruyn GA, D’Agostino MA, Grassi W, 

et al. Interobserver reliability of rheumatologists performing musculoskel-

etal ultrasonography: results from a EULAR “Train the trainers” course. Ann 

Rheum Dis. 2005;64(7):1043–9.

 6. Pincus T, Segurado OG. Most visits of most patients with rheumatoid 

arthritis to most rheumatologists do not include a formal quantitative 

joint count. Ann Rheum Dis. 2006;65(6):820–2.

https://doi.org/10.1186/s42358-022-00263-2
https://doi.org/10.1186/s42358-022-00263-2


Page 10 of 10Frederiksen et al. Advances in Rheumatology           (2022) 62:30 

•

 

fast, convenient online submission

 
•

  

thorough peer review by experienced researchers in your field

• 

 

rapid publication on acceptance

• 

 

support for research data, including large and complex data types

•

  

gold Open Access which fosters wider collaboration and increased citations 

 

maximum visibility for your research: over 100M website views per year •

  
At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research   ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 7. Terslev L, Hammer HB. Ultrasound may improve patient care. Clin Rheu-

matol. 2020;39(6):1715–7.

 8. Saleem B, Brown AK, Quinn M, Karim Z, Hensor EM, Conaghan P, et al. Can 

flare be predicted in DMARD treated RA patients in remission, and is it 

important? A cohort study Ann Rheum Dis. 2012;71(8):1316–21.

 9. Scirè CA, Montecucco C, Codullo V, Epis O, Todoerti M, Caporali R. Ultra-

sonographic evaluation of joint involvement in early rheumatoid arthritis 

in clinical remission: power Doppler signal predicts short-term relapse. 

Rheumatology (Oxford). 2009;48(9):1092–7.

 10. Ammitzbøll-Danielsen M, Fana V, Døhn UM, Møller T, Ng SN, Secher AE, 

et al. Ultrasound assessment of hands and feet for synovitis at time of first 

clinical visit markedly reduces time to diagnosis in routine care. Rheuma-

tology (Oxford). 2022;61:2119–23.

 11. Hammer HB, Kvien TK, Terslev L. Ultrasound of the hand is sufficient to 

detect subclinical inflammation in rheumatoid arthritis remission: a post 

hoc longitudinal study. Arthritis Res Ther. 2017;19(1):221.

 12. Sun X, Deng X, Geng Y, Ji L, Xie W, Zhang X, et al. A simplified and 

validated ultrasound scoring system to evaluate synovitis of bilateral 

wrists and hands in patients with rheumatoid arthritis. Clin Rheumatol. 

2018;37(1):185–91.

 13. Luz KR, Pinheiro MM, Petterle GS, Dos Santos MF, Fernandes AR, Natour 

J, et al. A new musculoskeletal ultrasound scoring system (US10) of 

the hands and wrist joints for evaluation of early rheumatoid arthritis 

patients. Rev Bras Reumatol. 2016;56(5):421–31.

 14. Sivakumaran P, Hussain S, Attipoe L, Ciurtin C. Diagnostic accuracy of 

simplified ultrasound hand examination protocols for detection of 

inflammation and disease burden in patients with rheumatoid arthritis. 

Acta Radiol. 2019;60(1):92–9.

 15. van Beers-Tas MH, Blanken AB, Nielen MMJ, Turkstra F, van der Laken 

CJ, Meursinge Reynders M, et al. The value of joint ultrasonography in 

predicting arthritis in seropositive patients with arthralgia: a prospective 

cohort study. Arthritis Res Ther. 2018;20(1):279.

 16. Terslev L, Naredo E, Aegerter P, Wakefield RJ, Backhaus M, Balint P, et al. 

Scoring ultrasound synovitis in rheumatoid arthritis: a EULAR-OMERACT 

ultrasound taskforce-Part 2: reliability and application to multiple joints 

of a standardised consensus-based scoring system. RMD Open. 2017;3(1): 

e000427.

 17. Möller I, Janta I, Backhaus M, Ohrndorf S, Bong DA, Martinoli C, et al. The 

2017 EULAR standardised procedures for ultrasound imaging in rheuma-

tology. Ann Rheum Dis. 2017;76:1974–9.

 18. Hammer HB, Bolton-King P, Bakkeheim V, Berg TH, Sundt E, Kongtorp AK, 

et al. Examination of intra and interrater reliability with a new ultrasono-

graphic reference atlas for scoring of synovitis in patients with rheuma-

toid arthritis. Ann Rheum Dis. 2011;70(11):1995–8.

 19. Andersen JKH, Pedersen JS, Laursen MS, Holtz K, Grauslund J, Savari-

muthu TR, et al. Neural networks for automatic scoring of arthritis disease 

activity on ultrasound images. RMD Open. 2019;5(1): e000891.

 20. Christensen ABH, Just SA, Andersen JKH, Savarimuthu TR. Applying cas-

caded convolutional neural network design further enhances automatic 

scoring of arthritis disease activity on ultrasound images from rheuma-

toid arthritis patients. Ann Rheum Dis. 2020;79:1189–93.

 21. Moller I, Janta I, Backhaus M, Ohrndorf S, Bong DA, Martinoli C, et al. The 

2017 EULAR standardised procedures for ultrasound imaging in rheuma-

tology. Ann Rheum Dis. 2017;76(12):1974–9.

 22. Chang EM, Gillespie EF, Shaverdian N. Truthfulness in patient-reported 

outcomes: factors affecting patients’ responses and impact on data qual-

ity. Patient Relat Outcome Meas. 2019;10:171–86.

 23. Stull DE, Leidy NK, Parasuraman B, Chassany O. Optimal recall periods for 

patient-reported outcomes: challenges and potential solutions. Curr Med 

Res Opin. 2009;25(4):929–42.

 24. Safi S, Thiessen T, Schmailzl KJ. Acceptance and resistance of new digital 

technologies in medicine: qualitative study. JMIR Res Protoc. 2018;7(12): 

e11072.

 25. Hekal AA, Elnakib A, Moustafa HED. Automated early breast cancer 

detection and classification system. Signal Image Video Process. 

2021;15(7):1497–505.

 26. Kunumpol P, Umpaipant W, Kanchanaranya N, Charoenpong T, Vongkit-

tirux S, Kupakanjana T, et al. Automated age-related macular degenera-

tion screening system using fundus images. Annu Int Conf IEEE Eng Med 

Biol Soc. 2017;2017:1469–72.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-

lished maps and institutional affiliations.


	Ultrasound joint examination by an automated system versus by a rheumatologist: from a patient perspective
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Patients
	Ultrasound examinations
	Rheumatologist
	ARTHUR

	Patient-reported outcomes (PRO)
	PRO data collected after examination by the rheumatologist
	PRO data collected after ARTHUR examination

	Statistics

	Results
	Safety
	Mood
	Overall experience
	Pain and discomfort
	The concern before the ARTHUR scanning
	Patients experience during ARTHUR scanning
	Graphical user interface
	Future use of ARTHUR

	Discussion
	Conclusion
	Acknowledgements
	References


