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Case 1 
Insertion 23, Retraction 5

Case 2 
Insertion 23, Retraction 7

Case 3 
Insertion 23, Retraction 9

Case 4 
Insertion 23, Retraction 12

Case 5 
Insertion 18, Retraction 5

Case 6 
Insertion 18, Retraction 7

Case 7 
Insertion 10, Retraction 5

Insertion Speed

Slow
Medium
Fast

Min log(V),Min P Max log(V)

Max P

Log(V), V(μm)

P
 (

kP
a)

Min δ,Min P Max δ

Max P

P
 (

kP
a)

δ (mm)

Top plot

Bottom plot

Insertion

Injection

0,-6 23

2

-2,0 1

61

0,-5 23

2

-2,-1 1

44

-2,-1 1

33

0,-4 23

2

-2,0 1

33

0,-23 23

2

-2,-3 1

32

0,-7 23

6

0,-6 23

2

-2,0 1

23

-2,-10 1

13

0,-28 23

4

-2,-4 1

16

0,-7 23

2

-2,-5 1

14

0,-8 23

3

-2,5 1

32

0,-24 23

5

-2,-5 1

7

0,-9 23

3

-2,-8 1

9

0,-8 23

3

-2,3 1

33

0,-11 18

5

-2,-2 1

43

0,-5 18

2

-2,0 1

60

0,-3 18

2

-2,-1 1

31

0,-16 18

6

-2,-2 1

25

0,-8 18

3

-2,0 1

27

0,-7 18

2

-2,0 1

547

0,-5 10

2

-2,-1 1

437

0,-1 10

3

-2,0 1

508

0,-1 10

2

-2,2 1

57

0,-5 23

3

-2,-3 1

105

0,-4 23

3

-2,0 1

82

0,-1 23

4

-2,-4 1

33

0,-14 23

3

-2,-1 1

23

0,-10 23

3

-2,1 1

20

0,-10 23

3

-2,-12 1

14

0,-30 23

4

-2,-3 1

21

0,-15 23

3

-2,0 1

12

0,-14 23

3

-2,-2 1

109

0,-30 23

4

-2,-6 1

10

0,-16 23

3

-2,-1 1

10

0,-13 23

2

-2,0 1

80

0,-2 18

2

-2,-3 1

83

0,-3 18

5

-2,-2 1

130

0,-2 18

1

-2,-1 1

41

0,-8 18

2

0,-15 18

4

-2,-3 1

25

0,-2 18

2

-2,-1 1

55

-2,0 1

259

0,-3 10

2

-2,-2 1

364

0,-2 10

3

-2,-3 1

219

0,-1 10

1

-2,10 1

308

0,-1 10

5

-2,-1 1

384

0,-1 10

2

-2,0 1

530

0,-1 10

5

-2,0 1

21

0,-6 18

3

-2,-1 1

32

0,-11 18

4

-2,1 1

29

0,-12 18

8

-2,-1 1

105

0,-2 18

2

-2,0 1

0,-10 18

4

-2,1 1

72

0,-6 18

8

-2,-8 1

38

0,-38 23

8

-2,-1 1

10

0,-22 23

3

-2,-4 1

10

0,-42 23

7

0,-27 23

8

-2,-5 1

14

-2,1 1

22

0,-23 23

4

0,-35 23

6

-2,-3 1

15

0,-8 23

2

-2,-1 1

13

0,-15 23

3

-2,-1 1

21

0,-27 23

6

-2,-2 1

22

0,-2 23

3

-2,0 1

68

0,-6 23

4

-2,-1 1

74

-2,0 1

47

0,-9 23

6

34

Figure S1: Insertion and injection results for Polydimethylsiloxane (PDMS). In each colored band, each replicate is shown as a paired set
of plots: the top plot is insertion (pressure-depth) and the bottom plot is injection (pressure-log(volume)). Three repeats are shown for each
case. The blank panels at the lower right define the plot/axis labeling conventions.
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Case 1 
Insertion 15, Retraction 0

Case 2 
Insertion 15, Retraction 1

Case 3 
Insertion 15, Retraction 2

Case 4 
Insertion 15, Retraction 4

Case 5 
Insertion 5, Retraction 0

Case 6 
Insertion 5, Retraction 1

Case 7 
Insertion 1, Retraction 0
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Figure S2: Insertion and injection results for gelatin. In each colored band, each replicate is shown as a paired set of plots: the top plot is
insertion (pressure-depth) and the bottom plot is injection (pressure-log(volume)). Three repeats are shown for each case. The blank panels
at the lower right define the plot/axis labeling conventions. Empty cells indicate datasets that were not recoverable after the experiment.
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Figure S3: Fluid injection critical pressure variations in PDMS as a function of insertion speed (0.5 mm/s (slow), 2.5 mm/s (medium),
and 12.5 mm/s (fast)). Box plots represent the distribution of critical pressure values across all valid tests at each speed. For each box,
the central line indicates the median, the box bounds show the interquartile range (25th–75th percentile), and the whiskers extend to the
minimum and maximum values within 1.5 times the interquartile range. Individual points outside this range are plotted as outliers.

Figure S4: Fluid injection critical pressure variations in gelatin as a function of retraction depth. Box plots represent the distribution of
critical pressure values across all valid tests at each retraction level. For each box, the central line indicates the median, the box bounds
show the interquartile range (25th–75th percentile), and the whiskers extend to the minimum and maximum values within 1.5 times the
interquartile range. Points outside this range are plotted individually as outliers.
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