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Supplementary files 

The approval of the study was granted by the ethics committee of the Charité – 

Universitätsmedizin Berlin, Germany. All study participants were informed about the 

examination process, risks and potential side effects of the fluorescence dye in oral and 

written form and signed the consent form. Clinical, musculoskeletal US and FOI 

examinations were performed on the same day. The study patients were recruited from the 

rheumatologic outpatient clinic of the Charité Universitätsmedizin – Berlin, Germany. 

 

Clinical and laboratory examination 

In both patient groups, the presence of swollen (SJC) and tender (TJC) joints out of a 28-joint 

count were ascertained using a qualitative (dichotomous) score (0/1). In addition, the current 

disease activity was determined by observing the patient’s visual analogue scale (VAS). 

Morning stiffness was recorded in minutes. Laboratory analysis included the erythrocyte 

sedimentation rate (ESR; normal <20 mm/h), C-reactive protein (CRP; normal <5 mg/l), 

rheumatoid factor (IgM-RF; normal <20 U/l) and antibodies to citrullinated peptide antigens 

(ACPA; normal <20 U/l). The DAS28 (Disease Activity Score, 28 joints) ─ including TJC, 

SJC, ESR and patient’s visual analog scale (VAS) ─ was calculated for RA patients22. 

 

Musculoskeletal ultrasound 

Ultrasonographic examination of the clinically dominant hand for tenderness and/or swelling 

was performed in neutral position by greyscale (GSUS) and power Doppler (PDUS) 

ultrasound with a linear 10-18 MHz transducer. The wrist (WR; midline, radial, ulnar), the 

metacarpophalangeal (MCP), proximal (PIP) and distal interphalangeal (DIP) joints of the 

fingers II to V were examined from the palmar and dorsal view. The same machine (Mylab 

twice, Esaote, Genua; Italy) was used for every patient during the study in order to reduce 

any possible variance between different machines.  

 

Fluorescence optical imaging (FOI) 

The FOI system Xiralite X4 (Mivenion) was utilized following a standardized procedure with 

an examination time of six minutes, recording one image per second and adding up to a 

cluster of 360 images3,18. A bolus of indocyanine green (ICG) as intravenous dye with a dose 

of 0.1mg/kg body weight was injected ten seconds after beginning image acquirement 3,18. 

The enhancement in projection on the joint area was evaluated on the basis of the intensity 

of the affected joint area as well as on the shape and color. On this account, the 

semiquantitative grading system ‘fluorescence optical imaging activity score’ (FOIAS) was 

used as follows: 0 = no signal enhancement, 1 = low signal enhancement (≤25% of affected 

joint area), 2 = moderate signal enhancement (>25%, ≤50% of affected joint area), 3 = strong 
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signal enhancement (>50% of affected joint area)3,18. Based on the shape, signal intensities 

in projection on the joint area with planar, streaky and bone related shapes were evaluated 

(see discussion section and Figure 1, 3). In reference to the color, for grade 1 the 

enhancement varies from red with yellow spots to red signals while for grade 2 the signal 

intensity shows strong red color intensity in 25-50 % of the joint area. Red and white signal 

intensity in over 50% of the affected joint area denote grade 3 (Figure 1). To determine a 

grade, all of the described characteristics were considered18.  

 

Statistical analyses 

For ensuring the comparability to FOI which visualizes the wrist in its entirety, the three 

different plains of the wrist (midline, radial, ulnar) in US were summed up and considered on 

a percentage basis in regard to the three score grades. For this pilot-study, we evaluated the 

sum of inflammatory enhancement in the joint region in FOI and compared it to synovitis and 

tenosynovitis, taken together as inflammatory changes in ultrasound. On this account and to 

insure the comparability between the two imaging techniques anon, the frequencies per joint 

were totalized for synovitis and tenosynovitis as well as for the dorsal and palmar side in US. 

 

Results 

Demographic, clinical and laboratory data 

Ninety patients were recruited for this study (67 patients with RA and 23 patients with OA). 

Patients were predominantly female with 79% in the RA cohort and 87% in the OA cohort. 

The mean age of RA patients amounted to 53 years (± 11.4, range 27-75) while the patients 

with OA averaged 60 years (± 9.6 range 35-72). Both cohorts showed a mean symptom 

duration of approximately 7 years in the RA cohort (7.1 ± 8.2, range 0.3-41.2) and in the OA 

cohort (7.7 ± 7.5, range 0.5-25.3). 59% of the RA patients were rheumatoid factor-positive 

(>20 U/ml) and 63% were ACPA-positive (>20 U/ml). On the average, the DAS28 value was 

4.2 in the RA cohort (median= 4.3). 

The results of the demographic, clinical and laboratory features of the study population are 

shown in the supplemental Table S1.  

 

Limitation of the study 

We are aware of some limitations in our investigation. The cohort of RA included patients 

with long disease durations. At this moment, a statement to any possible secondary 

osteoarthritis caused by the inflammatory process of RA cannot be made. Therefore, a clear 

differentiation between RA patients with the appearance of osteoarthritis as a secondary 

degenerative process and less active RA and patients with idiopathic OA is difficult. 

However, the pattern of inflammatory joint distribution in the both cohorts by GSUS and 
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PDUS may allow a distinction. Moreover, we examined the clinically more affected hand in 

US and FOI independently from the patient‘s handedness. It is conceivable that tenosynovitis 

and degenerative changes occur more frequently in the dominant hand based on daily 

usage. Another limitation may be the differences of the groups in the number of patients. 

Additionally, the cohort size of 90 patients may be considered small and it is feasible that the 

study is underpowered. However, the study aimed to be a pilot project investigating OA 

patients in comparison to RA by fluorescence optical imaging.  

At this point, we want to elaborate limitations of FOI. The considered imaging method is an 

invasive procedure. In our study we combined the intravenous injection of FOI with the 

routine blood collection. Supplementary, typical side effects of ICG which have to be 

considered include circulatory problems, allergy e.g. iodine allergy as well as discoloration of 

urine and stool. A good function of liver and kidneys should be contemplated before starting 

the investigation. To our experience, most side effects are caused by the intravenous needle 

and manifest themselves as circulatory problems. Furthermore, at this moment, only the 

dorsal side of the hands can be investigated by FOI leading to the assumption that anatomic 

structures with overlay may influence the detection of inflammation on the palmar side of the 

hands. Additional diodes and cameras may resolve this issue18. 

The invasive procedure is faced with the advantages of FOI obtaining an overall view of all 

finger joints and both wrists in six minutes. It gives the opportunity to objectify arthralgia. FOI 

can further be performed by assisting staff under medical supervision. 
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Table S1 Demographic, clinical and laboratory data of study population 

              

      RA (n = 67)   OA (n = 23) 

       n/% mean ±SD median (range)   n/% mean ±SD median (range) 

              

Gender            

 female   53 / 79      20 / 87     

 male   14 / 21      3 / 13     

Age (years)  53 ± 11.4 54 (27-75)   60 ± 9.6 61 (35-72) 

Symptom duration 

(years)  7.1 ± 8.2 4.8 (0.3-41.2)   7.7 ± 7.5 4.0 (0.5-25.3) 

DAS28  4.2 ± 1.3 4.3 (1.4-7.4)       

positive RF (U/ml) 39 / 59   58.9        

positive ACPA (U/ml) 42 / 63   51.6        

ESR (mm/h)  25 ± 22.6 17 (1-98)   14.9 ± 16.0 9 (1-56) 

CRP (mg/l)  8.7 ± 14.2 4.0 (0.3-77.9)   1.9 ± 2.4 0.9 (0.3-10.8) 

TJC (0-28)  5.5 ± 5.6 4 (0-22)   2.7 ± 2.7 2 (0-9) 

SJC (0-28)  3.7 ± 4.0 3 (0-20)   1.1 ± 1.6 0 (0-5) 

Patient VAS  

(0-100mm)  51.9 ± 22.3 50 (5-100)   40.3 ± 19.4 40 (0-70) 

Morning stiffness 

(min)  59.1 ± 117.1 30.0 (0-720)   48.9 ± 145.7 10.0 (0-720) 

                            

              

* RA = Rheumatoid Arthritis; OA = Osteoarthritis; DAS28 = Disease Activity Score of 28-joint assessment; RF = 

rheumatoid factor (positive titer ≥ 20 U/ml); ACPA = Anti-citrullinated protein antibodies (positive titer ≥ 20 U/ml); ESR 

= erythrocyte sedimentation rate (positive ≥ 20mm/h); CRP = C-reactive protein (positive ≥ 5mg/l); TJC = tender joint 

count; SJC = swollen joint count; Patient VAS = patients' visual analog scale 
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Figure S1a-d: Frequency grades 1-3 for RA and OA in US and FOI per joint group. The 

graphs show MCP joints for RA and DIP joints for OA in the lead in both imaging methods 

considering inflammatory changes. For wrist and PIP joints differences can be seen on 

closer examination. 
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Figure S2a-b: Phase 1 in FOI. a) FOI shows high signal intensities in PIP, MCP and wrist in 

both hands early in phase 1 imprinting high inflammation in RA. b) Early and planar signal in 

right PIP IV denoting active inflammation in OA. 
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Figure S3: Phase 3 in FOI in OA patient. Remaining FOI signals in PIP IV. 

 

 


