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Figure S1: Representative cartilage loading curves. Qualitatively, these plots show that exposure to 1X 
PBS has a negligible effect in the cartilage response to loading. Equilibration in 100% CA and 50% CA/PBS 
results in an initial decrease in the slope of the loading curves – followed by a gradual increase, consistent 
with the results obtained from the contact model. Cartilage recovery curves show a smaller effect with the 
slope of the curves gradually decreasing as the surface softens to return to baseline.  
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Figure S2: Representative meniscus loading curves. Qualitatively, these plots show that exposure to 
1X PBS has a negligible effect in the meniscus response to loading. Contrast agent equilibration leads to a 
rapid decrease in the slope of the loading curves, particularly of the 100% CA and 50% CA/PBS groups, 
consistent with the results obtained from the contact model.  During recovery equilibration, meniscus 
explants previously equilibrated in 100% CA fail to recover, while groups equilibrated in CA dilutions 
return to baseline 1X PBS values.  

0 50 100 150

-0.16
-0.12
-0.08
-0.04
0.00

Time (s)

Fo
rc

e 
(N

)
Baseline

0 50 100 150 200

-0.16
-0.12
-0.08
-0.04
0.00

Baseline

Time (s)

Fo
rc

e 
(N

)

0 50 100 150

-0.16
-0.12
-0.08
-0.04
0.00

Baseline

Time (s)

Fo
rc

e 
(N

)

0 50 100 150

-0.16
-0.12
-0.08
-0.04
0.00

Baseline

Time (s)

Fo
rc

e 
(N

)

0 50 100 150

-0.16
-0.12
-0.08
-0.04
0.00

Time (s)

Fo
rc

e 
(N

)

Exposure

0 50 100 150 200

-0.16
-0.12
-0.08
-0.04
0.00

Time (s)

Fo
rc

e 
(N

)
Exposure

0 50 100 150

-0.16
-0.12
-0.08
-0.04
0.00

Time (s)

Fo
rc

e 
(N

)

Exposure

0 50 100 150

-0.16
-0.12
-0.08
-0.04
0.00

Exposure

Time (s)

Fo
rc

e 
(N

)

0 50 100 150

-0.16
-0.12
-0.08
-0.04
0.00

Time (s)

Fo
rc

e 
(N

)

Recovery

0 50 100 150 200

-0.16
-0.12
-0.08
-0.04
0.00

Time (s)

Fo
rc

e 
(N

)

Recovery

0 50 100 150 200

-0.16
-0.12
-0.08
-0.04
0.00

Time (s)

Fo
rc

e 
(N

)
Recovery

0 50 100 150

-0.16
-0.12
-0.08
-0.04
0.00

Recovery

Time (s)

Fo
rc

e 
(N

)

100% CA

50% CA/H2O

50% CA/PBS

1X PBS

Cycle 1 Cycle 2 Cycle 3 Cycle 4



 
 
Figure S3: Individual cartilage contrast agent and recovery data fits. Blue markers represent raw data 
(normalized peak force), red line represents data fit. A biexponential data fit was used for 100% CA and 
50% CA/PBS groups while a monoexponential fit was used for 50% CA/H2O and all recovery data. 
Samples 5 (100% CA) and 22 (50% CA/PBS) were excluded due to inconsistencies in their mechanical 
behavior.  
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Figure S4: Individual meniscus contrast agent and recovery data fits. Blue markers represent raw data 
(normalized peak force), red line represents data fit. A monoexponential data fit was used for all contrast 
agent and recovery groups. Sample 9 (100% CA/H2O) was excluded due to inconsistencies in the 
mechanical behavior.  
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Figure S5: Cell viability in cartilage explants was not affected by exposure to contrast agent dilutions. 
As an initial assessment of possible toxic effects of contrast agent solutions on cartilage explants, cell 
viability was assessed with a live/dead cell staining kit (Invitrogen/Molecular Probes, Eugene, OR) after 
incubating the samples in their assigned contrast agent solution for 1 hour at 37˚C. Live/dead staining was 
visualized with a Zeiss Axiovert 200M Fluorescence Microscope (Göttingen, Germany). (A)  PBS and (B) 
ethanol were used as negative and positive controls for cell death, respectively.  Abundant live cells 
remained following exposure to (C) 100% CA, (D) 50% CA/H2O, or (E) 50% CA/PBS, with no evidence 
of widespread cell death. A similar examination of MFC was not possible due to fluorescent imaging artifact 
caused by the abundant collagen network in MFC. 



Table S1. A PubMed search was performed to identify all articles published in 2015-2018 involving CT arthrography of human subjects. 
The information tabulated is from the subset of articles reporting both the contrast agent used and information about its 
dilution.  Estimated osmolalities for diluted contrast agents and ionic strengths were calculated based on reported properties of the 
contrast agents and of normal saline. 
 

Non-Ionic Contrast Agents 

Author Year PMID Agent Dilution 
(% Full Strength) 

Osmolality 
(mOsm/kg) 

Est. Ionic 
Strength 

(mOsm/kg) 
Abou Arab et. al.1  2018 29713765 Visipaque 270 100% 290 0 
Abraham et. al.2 2017 27923602 Isovue 300 33% 390 110 
Davis et. al.3 2014 24491624 Xenetix 300 100% 695 0 
De Filippo et. al.4 2016 27467868 Iomeron 300 100% 521 0 
Fox et. al.5 2016 27144708 Omnipaque 300 100% 672 0 
Gondim Teixeira et. al.6 2016 26700346 Visipaque 270 100% 290 0 
Guermazi et. al.7 2014 24856241 Omnipaque 300 35% 410 110 
Henak et. al.8 2014 25070373 Isovue 300 33% 390 110 
Kieffer et. al.9 2014 24008621 Visipaque 270 100% 290 0 
Kirschke et. al.10 2016 27891511 Ultravist 300 67% 480 60 
Knight et. al.11 2017 28370312 Isovue 300 33% 390 110 
Magee, T.12 2018 29549380 Isovue 300 50% 440 90 
Polat et. al.13 2018 30371616 Omnipaque 300 35% 410 100 
Rauch et. al.14 2018 30251928 Visipaque 270 100% 290 0 
Sahin et. al.15 2014 25352941 Iomeron 300 50% 400 90 
Simeone et. al.16 2017 28361351 Isovue – M – 300 77% 530 45 
Song et. al.17 2018 29713219 Ultravist 370 65% 560 70 
Strobel et. al.18 2014 24177809 Iopamiro 300 50% 440 90 
Suojarvi et. al.19 2017 27456020 Omnipaque 240 50% 440 90 
Tobalem et. al.20 2014 25415733 Accupaque 300 75% 530 50 
Wang et. al.21 2018 29724673 Omnipaque 300 70% 530 60 
Zhang et. al.22 2016 28002370 Omnipaque 300 70% 530 60 

 



Ionic Contrast Agents 

Author Year PMID Agent Dilution 
(% Full Strength) 

Osmolality 
(mOsm/kg) 

Est. Ionic 
Strength 

(mOsm/kg) 
Ahn et. al.23 2014 25469085 Telebrix 30 65% 1200 590 
Cerny et. al.24 2017 28409175 Hexabrix 100% 600 300 
Choi et. al.25 2016 26131912 Telebrix 30 65% 1200 590 
Ha et. al.26 2017 28169108 Telebrix 30 65% 1200 590 
Ji et. al.27 2014 24280955 Telebrix 30 65% 1200 590 
Jung et. al.28 2018 28624855 Telebrix 30 65% 1200 590 
Kim et. al.29 2014 24699852 Telebrix 30  65% 1200 590 
Kim et. al.30 2016 25274092 Telebrix 30 65% 1200 590 
Kokkonen et. al.31 2014 24249683 Hexabrix 320 100% 600 300 
Lyu et. al.32 2014 27536568 Telebrix 30 65% 1200 590 
Moritomo et. al.33 2015 25542437 Urografin 60% 50% 810 405 
Myller et. al.34 2017 27646147 Hexabrix 320 50% 440 220 
Nashikkar et. al.35 2018 30174813 Telebrix 30 65% 1200 590 
Odri et. al.36 2014 24797043 Hexabrix 320 100% 600 300 
Omoumi et. al.37 2017 28189216 Hexabrix 320 100% 600 300 
Omoumi et. al.38 2015 25450850 Hexabrix 320 100% 600 300 
Omoumi et. al.39 2015 25377772 Hexabrix 320 20% 600 300 
Park et. al.40 2015 25492036 Telebrix 30 60% 1100 180 
Park et. al.41 2018 30021072 Telebrix 30 60% 1100 550 
Tabrizi et. al.42 2015 25051918 Urografin 60% 100% 1500 550 
Thienpont et. al.43 2014 25382362 Hexabrix 320 100% 600 300 
van Tiel et. al.44 2016 26851449 Hexabrix 320 30% 380 190 
Yoo et. al.45 2017 28004173 Telebrix 30 Meglumine  65% 1200 590 
Yoo et. al.46  2017 27876489 Telebrix 30 Meglumine  65% 1200 590 
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