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Abstract 

Objective: To evaluate musculoskeletal ultrasound (MSUS) as a screening tool for rheumatoid arthritis (RA) and 
osteoarthritis (OA) patients in a rheumatology-screening program.

Patients and methods: To raise awareness for rheumatic diseases, a mobile rheumatology office was deployed in 
different cities of Germany (“Rheuma-Truck”). Standardized questionnaire assessment, testing for rheumatoid factor 
and citrullinated peptide antibodies and medical student driven MSUS of the clinically dominant hand/foot including 
wrist, MCP-II, -III, -V, PIP-II, -III, MTP-II and -V were offered free of charge to the population. In case of suspicious results, 
a rheumatologist was consulted.

Results: In MSUS, 192 of 560 selected volunteers (aged 18–89, mean 52.7 years; 72.9% female) had suspicious find-
ings including synovitis or erosions primarily affecting the MTP-II (11.8%), dorsal wrist (8.9%), and MCP-II (7%). 354 of 
the 560 volunteers further visited a rheumatologist of whom 76 were diagnosed with RA. According to the ‘US7 Score’, 
a sum scores ≥ 5 was significantly predictive for RA (odds ratio (OR) 5.06; confidence interval (CI) 0.83–35.32). 313 vol-
unteers displayed signs of OA including osteophytes, while MCP-II (36.2%), MCP-III (14.8%), and the wrist (10.5%) were 
mostly affected. Diagnosis of RA was favoured over OA if the wrist (OR 4.2; CI 1.28–13.95), MTP-II (OR 1.62; CI 1.0–2.6), 
and MCP-V (OR 2.0; CI 1.0–3.8) were involved.

Conclusion: Medical student driven MSUS by the ‘US7 Score’ can facilitate diagnosis of RA in rheumatology-screen-
ing programs due to the level of the score and the affected joints. A high rate of unknown OA signs was detected by 
MSUS. A mobile rheumatology office displays an opportunity to screen patients for RA and OA.
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Key points

In this study musculoskeletal ultrasound (MSUS) was 
performed as a screening tool for rheumatoid arthri-
tis (RA) and osteoarthritis (OA) in 560 volunteers in 
a rheumatology-screening program.
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In MSUS, 192 of 560 volunteers had suspicious find-
ings including synovitis or erosions primarily affect-
ing the MTP-II, dorsal wrist, and MCP-II of whom 
76 were diagnosed with RA.
MSUS using ‘US7 Score’ can facilitate diagnosis of 
RA in rheumatology-screening programs primary 
driven by the ultrasound score and the number 
affected joints.
High rate of unknown OA signs was detected by 
MSUS.

Introduction
Musculoskeletal ultrasound (MSUS) is a valid imaging 
tool in rheumatic joint diseases for the detection of soft 
tissue changes such as synovitis and tenosynovitis, and 
bony lesions [1, 2]. Due to the ongoing technical develop-
ment of high-resolution transducers and bedside imag-
ing formats, MSUS is well accepted by the rheumatology 
community in both in- and outpatient settings. Moreo-
ver, the validated Ultrasound-Score ‘US7’, which involves 
seven predefined joints in the MSUS examination, is a 
time-efficient, standardized alternative to more time-
consuming total joint screens [3]. It was shown that the 
‘US7 Score’ is well suited to document therapy-response 
in Rheumatoid Arthritis (RA) compared to the Disease 
Activity Score of 28 joints (DAS28), while the utility for 
diagnostic purposes is largely unknown [4–6].

Approximately 0.5–1% of the population suffers from 
RA [7, 8]. The final diagnosis after the first symptoms 
appear is currently delayed by about 1  year [9](*). Early 
diagnosis and treatment strategies to target remission are 
declared aims of both European League Against Rheu-
matism (EULAR) and American College of Rheumatol-
ogy (ACR) [10]. However, the clinical diagnosis in early 
RA may be complicated by unclear clinical findings and 
unspecific initial symptoms [11]. MSUS is readily avail-
able and may facilitate confident early diagnosis [12]. 
However, the evaluation of subtle changes in early RA 
made difficult by a lack of large-scale standardized data 
from the time point of first diagnosis.

Osteoarthritis (OA) is the most common joint dis-
ease, which is evident in patients of higher age [13, 14]. 
Hand OA can cause substantial diagnostic confusion 
with RA in a primary care setting resulting in increased 
referral [15, 16]. Typical signs of OA such as osteophytes 
can also be recognized by MSUS [17]. Thus, MSUS may 
facilitate a correct diagnosis in cases that cannot be eas-
ily distinguished based on clinical examination. So far, 
the frequency of typical MSUS changes of the MCP joints 
such as osteophytes is underestimated. Due to the lack 
of clinical signs, these are in most cases not recorded in 
detail until the diagnosis of either OA or RA is made. 

Moreover, there is lack of data on the frequency and the 
pattern of degenerative joints alterations such as osteo-
phytes in patients with joint complaints in general or RA. 
OA of (several) MCP joints is up to now an underesti-
mated manifestation of hand OA.

In order to overcome these issues, MSUS performed by 
a well-trained medical student was assessed in a commu-
nity-based screening and awareness initiative (“Rheuma-
Truck”) as a screening tool for RA and OA.

Methods
Screening initiative and participants
The “German Cooperative Rheumatology Group Rhine-
Ruhr”, which is an association of rheumatology caregiv-
ers including university-hospitals, university teaching 
hospitals, and rheumatologists in outpatient practices 
within a metropolitan area of approximately 10 million 
inhabitants in western Germany, initiated the “Rheuma-
Truck”-initiative. This initiative was supported by finan-
cial contribution of Roche Pharma AG Germany and 
Chugai Pharma Marketing Ltd. in form of an uncondi-
tional grant. Consisting of a mobile rheumatology office, 
“Rheuma-Truck” offered a screening for rheumatic dis-
eases temporarily located at 22 different city centers of 
the federal state of North Rhine-Westphalia including 
Düsseldorf, Wuppertal, Hagen, Ratingen, Essen, Herne, 
Gelsenkirchen, Gladbeck, Duisburg, Bochum, Bottrop, 
Köln, Krefeld, Mettmann, Neuss, Kamp-Lintford, Vel-
bert, Wesel, Emmerich, Kleve and Mönchengladbach, 
some of them twice over a total duration of 26  days. 
In total, 7333 people participated by volunteering in 
the program. The screening included (1) the validated 
“Rheuma-Check” questionnaires [18]. The “Rheuma-
Check” questionnaire was developed on the basis of the 
FDA-approved validated CSQ questionnaire. After trans-
lation and back-translation of the CSQ questionnaire by 
two independent interpreters a final German version of 
the questionnaire was created, which was given the name 
"RheumaCheck". The Rheuma-Check consists of 30 ques-
tions, which have to be answered with "yes" or "no". The 
RheumaCheck questions record the spectrum of symp-
toms of the following inflammatory rheumatic diseases 
diseases: systemic lupus erythematosus (SLE), rheuma-
toid arthritis (RA), systemicarthritis (RA), systemic scle-
roderma (PSS), dermato- and polymyositis (DM/PM), 
Sjögren’s syndrome, Raynaud’s syndrome and syndrome, 
and mixed connective tissue disease (MCTD). Rheuma-
tismCheck algorithm showed a high sensitivity (77.6%) 
and specificity (79.9%) at a cutpoint of > 3. (79.9%) [18]. 
(2) A bed-side laboratory testing for Mutated Citrulli-
nated Vimentin (MCV) antibodies and Rheumatoid Fac-
tor (RF) (ORGENTEC Diagnostika GmbH, Germany). If 
the questionnaire assessment or the laboratory markers 
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either individually or collectively yielded a pathological 
result, (3) MSUS was conducted and (4) the participant 
was then directly referred to a board-certified rheuma-
tologist for an initial consultation and if necessary, for 
further follow-up visits in an outpatient rheumatology 
clinic. RA was defined by fulfilling the ACR/EULAR clas-
sification criteria 1987 [19]. The study was conducted in 
agreement with the principles of the Declaration of Hel-
sinki, the International Conference on Harmonization 
Guidance for Good Clinical Practice and approved by 
local ethic committee of Heinrich-Heine-University Düs-
seldorf (3249). All patients provided written informed 
consent.

Musculoskeletal ultrasound
MSUS was performed in 560 participants [72.9% female 
(n = 408); age 18–89  years (mean 52.72  years; median 
55  years, ± 9.01)] if (1) “Rheuma-Check” or (2) bedside 
laboratory testing (MVC or RF) showed a pathological 
result.

The MSUS was conducted by a qualified medical stu-
dent after specialized training with rheumatologist and 
ultrasound experts (OS and BO). The students were 
recruited from different semesters (min. at least 4 years 
of academic study) and received 25  h of training in the 
use of ultrasound and in the differentiation of inflamma-
tory and osteoarthritic alterations from two experts with 
an experience of nearly 20 years (BO and OS) according 
to the structured training program of the German Society 

for Rheumatology and the German Society of Ultrasound 
medicine. All investigations were conducted on a MyLab 
25 Gold (Esaote linear scanner, 15, Type LA435) using 
B-mode ultrasound for synovitis and erosions. A Power-
Doppler was not used during the MSUS investigations. 
MSUS was performed according to the ‘US7 Score’ [5] 
including seven joints of the clinically dominant hand 
(wrist, MCP-II and III, PIP-II and III) and foot (MTP-II 
and MTP-V). Additionally, we investigated the MCP-V 
joint, which has proven to be an important target joint, 
especially for the detection of (early) erosions in RA [20]. 
According to the ‘US7’ synovitis was scored on a scale 
from 0 defined as no signs for synovitis to 3 defined as 
severe signs for synovitis according to Szkudlarek, Ter-
slev [20]. Erosions were scored as 0 for being absent and 
1 for being present. Offering MSUS of the dominant hand 
and foot to all participants, all 560 of these volunteers 
participated in the MSUS of the hand, while 221 investi-
gations of the feet were performed. Thus, a total of 3497 
joints were examined by MSUS. Additionally to inflam-
matory signs, MSUS-signs of osteoarthritis, defined as 
the presence of osteophyte formations were assessed in 
every MSUS investigated participant (discrete, moderate 
or severe) (see Fig.  1). The student scored the dynamic 
images immediately during the investigation according to 
the ‘US7 Score’ examination [5, 6] and stored representa-
tive standing images. The specialist BO, OS, SO, MB and 
PS scored the standing images later, to assess the inter-
rater reliability.

Fig. 1 Grading of osteophytes. Grading of OA signs in the longitudinal section plane: Grade III (severe) was defined as at least two osteophytes (a, 
b); Grade II (moderate) was defined as the availability of isolated small osteophytes (c, d); Grade I (discrete) was as uneven joint surface (e, f)
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Interrater‑reliability
Dynamic images were analyzed during the MSUS 
according to the’US7 Score’ by a trained medical student. 
Standing images were stored in a standardized manner 
in palmar and dorsal section planes. These images were 
assessed by specialists (OS, BO, PS, SO or MB) blinded 
to the dynamic scoring. The agreement between all raters 
as well as between raters of dynamic images and raters 
of standing images were calculated. Results are displayed 
as both the percentage of study subjects (1) with identi-
cal score ratings and (2) with a tolerance of ± one-point 
deviation in score ratings.

Statistical analyses
Descriptive statistics for the patients were obtained and 
are reported as means ± standard deviation, ranges, fre-
quencies or proportions as appropriate. Correlation coef-
ficients were calculated according to Pearson with SAS, 
version 9.3 (SAS Institute, Cary, North Carolina). The 
respective odds ratio and confidence intervals are given 
for the relationship between ‘US7’ and the diagnosis RA, 
as well as for joint involvement and the diagnosis of RA 
and OA.

Results
Inflammatory signs
Inflammatory signs in MSUS defined as a B-mode syno-
vitis-score ≥ 1, were observed in 192 of the 560 selected 
participants [31.5%; 143 females (74%)] representing 
2.6% of all unselected participants. Overall, MTP-II was 
the most frequently involved joint (26 of 221; 11.8%) fol-
lowed by the wrist as shown in Fig.  2. The additionally 
investigated MCP-V, which is not part of the ‘US7 Score’, 
was affected in 7.5% of the selected participants. Most 

participants with inflammatory signs showed a synovitis 
score of grade 1 (110 of 192; 57%) with higher categories 
in descending order as depicted in Fig. 3.

Rheumatoid arthritis (RA)
Due to positive ‘Rheuma-Check’ and/or bedside labora-
tory testing, 354 of 560 participants were preselected and 
took their opportunity to visit a rheumatologist. RA was 
diagnosed in 76 of these 354 volunteers (59 females (78%) 
and 17 males (22%)). Regarding these RA patients, 28/76 
(36.8%) showed a positive MSUS-Score (≥ 1) according 
to the ‘US7’ sum score for synovitis using B-Mode. The 
non-RA patients, 104/278 (37.4%) showed a positive 
MSUS-Score (≥ 1) (Table  1). On average, RA-patients 
had higher MSUS-Scores. MSUS-Scores ≥ 5 was a pos-
sible predictor for the diagnosis of RA (odds ratio (OR) 
5.06; confidence interval (CI) 0.83–35.32). Additionally, 
15.8% of the MSUS-positive participants had only patho-
logical findings in the feet.

Osteoarthritis (OA)
Sonographically detectable signs for OA were observed 
in 313 of 560 (55.9%) selected participants (4.3% of 
all participants) in the investigated joints. Of these 
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Fig. 2 Synovitis in MSUS. Inflammatory signs of the investigated 
joints with a synovitis score ≥ 1 according to ‘US7’. This includes 
the dorsal, palmar and ulnar wirst, the metacarpophalangeal 
joints 2, 3 and 5 (MCP-II, MCP-III and MCP-V), as well als the 
proximal interphalangeal joints 2 and 3 (PIP-II and PIP-III) 
with were investigated in 560 participants. Additionally, the 
metatarsophalangeal joints 2 and 5 (MTP-II and MTP-V) were 
investigated in 221 participants
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Fig. 3 Grading according to ‘US7 Score’. Grading for inflammatory 
signs according to the ‘US7’. 192 out of 560 participants showed 
a score of ≥ 1 in the investigated joints. These include the dorsal, 
palmar and ulnar wirst, the metacarpophalangeal joints 2, 3 and 5 
(MCP-II, MCP-III and MCP-V), as well als the proximal. interphalangeal 
joints 2 and 3 (PIP-II and III) with were investigated in 560 participants. 
Additionally, the metatarsophalangeal joints 2 and 5 (MTP-II and V) 
were investigated in 221 participants

Table 1 MSUS scoring and RA diagnosis

MSUS results and RA diagnosis of 354 out of 560 participants, which underwent 
the MSUS investigation and visited a rheumatologist for further assessment

Diagnosis of RA Negative Positive

MSUS: score ≥ 1 174 48

MSUS: negative 104 28
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volunteers with sonographically positive OA signs, 73.5% 
were older than 50 years, 13.1% between 40 and 50 years, 
4.8% between 30 and 40 years and 8.6% under 30 years. 
MCP-II was the most frequently involved joint, wherein 
36.2% of the sonographically positive OA volunteers 
showed osteophytes followed by the other assessed joints 
as shown in Fig. 4.

OA and RA
Signs of both OA and RA were found in 8.2% (46 of 
560) of all participants evaluated with the MSUS. Of the 
patients diagnosed with RA, 60.5% (46 of 76) also showed 
sonographically detectable OA-signs. When analyzing 
patients who were diagnosed with RA and showed MSUS 
signs of OA, the diagnosis of RA was significantly asso-
ciated with involvement (B-Mode synovitis score) of the 

wrist (OR 4.2; CI 1.28–13.95), MTP-II (OR 1.62; CI 1.0–
2.6) and MCP-V (OR 2.0; CI 1.0–3.8).

Interrater‑agreement ultrasound
The absolute agreement of score ratings for all investiga-
tors (PS, BO, OS, SO or MB on standing images, medical 
student on dynamic images) were between 62% (dorsal 
wrist) and 98% (palmar wrist). If one point of difference 
was permitted, the agreement was between 87% (dorsal 
wrist) and 100% (palmar wrist) (Table 2).

The agreement between standing images (post hoc 
analyzed by PS, BO, OS, SO or MB) and dynamic assess-
ment (scored by medical student) was between 48% (dor-
sal wrist) and 100% (ulnar wrist and MTP 5) and between 
97% (PIP 2) and 100% (all other joints) if one point of dif-
ference was permitted (Table 2).

Discussion
RA is the most common inflammatory joint disease [21]. 
Early diagnosis and treat-to-target interventions are of 
high importance in the prevention of irreversible carti-
lage and bony lesions in RA patients [10]. However, the 
diagnostic process still takes approximately one year, 
even in countries with a well-developed health care sys-
tem such as Germany [22]. While MSUS (under appli-
cation of composite scores such as the ‘US7 Score’) is a 
sensitive therapy-monitoring tool that correlates well 
with DAS28 and magnetic resonance imaging (MRI) [4, 
23], its value as a screening tool performed by the trained 
student in cohorts with undiagnosed rheumatic diseases 
is not sufficiently studied so far. Thus, cross sectional 
prospective MSUS data of the “Rheuma Truck” initiative 
were assessed.

A high number of healthy volunteers showed inflam-
matory signs in MSUS, albeit most of them with low 
score values and mostly one affected joint only. Recently, 
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Fig. 4 Osteophytes in MSUS. Percentage of sonographically 
detectable OA signs of the investigated joints. These include the 
dorsal, palmar and ulnar wirst, the metacarpophalangeal joints 2, 3 
and 5 (MCP-II, MCP-III and V), as well als the proximal interphalangeal 
joints 2 and 3 (PIP-II and III) with were investigated in 560 participants. 
Additionally, the metatarsophalangeal joints 2 and 5 (MTP-II and V) 
were investigated in 221 participants

Table 2 Interrater-agreement

Agreement between all investigates for inflammatory signs according to the ‘US7 Score’ as well as between standing images (post hoc evaluation by specialists) and 
dynamic assessment (by the trained medical student). Results are presented with a permitted deviation of one point and without permitting a deviation

Agreement between All investigators Standing and dynamic imaging

Tolerance ± 0 points (%) ± 1 point (%) ± 0 points (%) ± 1 point (%)

Dorsal wrist 62 87 48 100

Palmar wrist 98 100 97 100

Ulnar wrist 87 94 100 100

MCP 2 77 94 66 100

MCP 3 85 94 93 100

PIP 2 70 91 79 97

PIP 3 81 91 90 100

MTP 2 72 89 90 100

MTP 5 96 98 100 100
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Jindal et al. confirmed the high sensitivity of ultrasound 
in the detection of inflammation in RA patients [24]. 
However, it was shown in numerous studies that patho-
logical findings such as signs of synovitis or erosions 
could be detected by MSUS in healthy volunteers [25–
27]. This similarly applies to MRI [25]. In contrast, high 
MSUS-scores for arthritis/inflammation (≥ 5) were pre-
dictive for the initial diagnosis of RA in our cohort.

Another important result of our study relates to the 
value of MSUS of the feet. 15.8% of the volunteers 
showed pathological MSUS findings of the feet exclu-
sively. Even though the feet were investigated in only 
221 volunteers (39.4%), MTP-II seems to be the most 
frequently involved joint. This is in line with our previ-
ous reports demonstrating a high number of sustained 
inflammatory signs in MRI of RA patients’ feet [28]. Con-
sequently, these data underline the value of the additional 
investigation of the feet in patients with inflammatory 
joint diseases, which is not part of the DAS28 and besides 
the conventional x-ray investigation often neglected in 
daily practice.

In the “Rheuma Truck” cohort, more than half of the 
selected participants (55.6%) showed OA-compatible 
sonographic findings, while almost 3 out of 4 of them 
were over 50 years old. Furthermore, nearly 14% of newly 
diagnosed OA according to sonographic findings were 
below the age of 40. MCP-II (36.2%) and MCP-III (14.8%) 
were the most frequently involved of the investigated 
joints, which however ignores the PIP I, IV and V as well 
as the DIP-joints. In daily clinical practice, the affection 
of MCP joints is often not perceived and especially the 
OA in MCP II is commonly interpreted as a possible 
hemochromatosis arthropathy. However, the progres-
sion of OA in the MCP to a later clinical meaningful or in 
X-ray detectable manifestation is rarely seen [14, 29]. In 
addition, our study highlights a previously unrecognized 
high burden of hand OA in RA-patients with 60.5% of all 
newly diagnosed RA patients showing also sonographic 
OA signs. This is of high importance, as bony changes 
and soft tissue thickening can be clinically misinterpreted 
as joint swelling due to RA and may thus lead to overdi-
agnosis and overtreatment. Vice versa, RA patients with 
clinical signs for OA could be misinterpreted as “purely 
OA”. According to the present data, MSUS may help to 
distinguish between “purely” OA and additional presence 
of RA: inflammatory MSUS findings in the wrist, MTP-II 
and MCP-V greatly favor an additional diagnosis of RA.

Most commonly, MSUS is used and evaluated dynami-
cally [6], which means that physicians analyze and docu-
ment the results immediately after the investigation. This 
procedure requires trained physicians, which is a clear 
obstacle to larger studies due to cost restrictions. In the 
current study, we delegated MSUS to a trained medical 

student. We could show good intra- and interrater agree-
ments when the student is systematically trained by spe-
cialists [30]. Moreover, the agreement between standing 
images and dynamic interpretation by using the ‘US7’ 
synovitis score was excellent with consensus of 99.7% if 
one point of difference was permitted. This opens new 
perspectives for future larger scale prospective MSUS 
studies.

This study has limitations. MSUS of the feet was per-
formed in only 221 participants, which were selected 
according to rather weak criteria such as reported pain 
of the feet and willingness to undress the feet. Further-
more, the MSUS were performed only for synovitis and 
erosions excluding tenosynovitis and without using 
Power-Doppler-Ultrasound, which may render additional 
information [31]. Moreover, the included participants 
were not recruited using a structured procedure. Rather, 
volunteers were invited to be assessed in a structured 
setting. However, these individuals would probably also 
be more likely to seek rheumatological advice in a stand-
ard health care setting and therefore represent a relevant 
patient group.

Conclusion
MSUS facilitates the diagnosis of RA. While low US7 
sum scores were frequent found in healthy persons, 
scores ≥ 5 were highly predictive for the initial diag-
nosis of RA. More than 55% of the volunteers showed 
sonographic signs for hand OA, wherein MCP-II joint 
was the most frequently involved. In patients with signs 
of both OA and RA, inflammation in the wrist, MTP-II 
and MCP-V was significantly predictive for the diag-
nosis of RA. Due to the good Interrater-agreement, the 
delegation of MSUS to trained medical students or medi-
cal health care professionals is a viable option for future 
studies and daily practice.
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