S2 Results Tables

S2 Table 1. Descriptive statistics of bottle stability metrics during the instillation period in the Bottle Reference Frame. Values are the mean (SD) and range across N = 1,699
attempts, pooled over postures and eyes.

Outcome Metric [Units] | Mean (SD) Median __IQR _ Range [Min — Max]
MACCap [m/s?] 0.42(0.20) 0.37 0.20 [0.12-1.72]
MACCxy [m/s?] 0.30(0.15) 0.27 0.15 [0.08-1.36]

MACC;[m/s?] 0.24(0.12) 0.21 0.12 [0.07-1.37]
ACCsp[m/s?] 0.50 (0.24) 0.45 0.25 [0.13-1.88]
RACCxy [m/s?] 0.38(0.19) 0.34 0.19 [0.09-1.69]
RACCz[m/s?] 0.33(0.16) 0.29 0.17 [0.09-1.63]
TOTEXsp[m/s?] | 123.98(93.19)  98.26  91.70 [6.91-954.66]
TOTEXx [m/s?] | 92.93(73.48) 71.96  69.96 [4.84-798.83]
TOTEXz[m/s?] | 67.00(49.49) 53.82  49.82 [3.98-556.14]
MJERKsp [m /s3] 29.27 (14.43) 26.27 15.08 [7.21-122.55]
MJERKx [m/s3] | 21.94(11.82) 19.25  12.53 [4.81-109.88]
MJERKz [m/s3] 15.85(7.68) 14.22 8.33 [4.37-60.35]
AREAcc [(m/s?)?] 1.79 (2.44) 1.13 1.33 [0.07-28.51]
AREAce [(m/s2)?] 1.35(1.80) 0.85 0.97 [0.07-22.62]
VOLUMEcs[(m/s?)3] 5.33(12.39) 1.96 3.62 [0.05-166.05]
VOLUMEce [(m/s2)3] 2.69 (5.93) 1.04 1.86 [0.03-80.31]
MFREQ [rad/s] 11.22(2.12) 11.23 2.76 [5.19-19.28]
AREAsw[m?/s5] | 2.44(3.27) 1.48 1.85 [0.11-39.14]
amaxsp [m/s?] 2.22(1.26) 1.90 1.14 [0.7-16.12]
amaxxy [m/s?] 1.62(1.10) 1.33 0.91 [0.27-16.03]
amaxz[m/s?] 1.78(0.89) 1.57 0.89 [0.59-12.63]
Tilt [degrees] 133.84 (41.2) 145.59  56.67 [1.67-179.94]
Duration [s] 4.53 (3.15) 3.69 3.07 [0.28-47.88]

S2 Table 2. Associations of reference-frame-dependent stability metrics and reference frame. Overall Wald test p-values from linear GEE models testing differences across reference
frames with pairwise contrasts from estimated marginal means. Estimates are on the standardized scale, and p-values are adjusted for frame dependency.

Overall PCA - Bottle Velocity - Bottle Velocity - PCA Vertical - Bottle
Metric X2 p-value | Estimate p-value | Estimate p-value | Estimate p-value | Estimate p-value
MACCxy | 310.09 <0.0001 ‘ -0.29  <0.0001 ‘ 0.20  <0.0001 ‘ 0.50  <0.0001 ‘ 0.13  <0.0001
MACC: | 328.49 <0.0001 0.34 <0.0001 -0.25 <0.0001 -0.59 <0.0001 -0.13 0.0001



RACCxv | 373.26 <0.0001 -0.33 <0.0001 0.18 <0.0001 0.51 <0.0001 0.11 <0.0001
RACC: | 394.91 <0.0001 0.37 <0.0001 -0.25 <0.0001 -0.61 <0.0001 -0.13 0.0001
TOTEXxv | 156.19 <0.0001 -0.18 <0.0001 0.06 0.0002 0.25 <0.0001
TOTEX; | 168.15 <0.0001 0.25 <0.0001 -0.09 0.0013 -0.34 <0.0001
MJERKxv | 196.10 <0.0001 -0.28 <0.0001 0.10 <0.0001 0.38 <0.0001
MJERKz | 191.87 <0.0001 0.37 <0.0001 -0.15 0.0001 -0.52 <0.0001
AREAcc | 121.88 <0.0001 -0.27 <0.0001 0.12 <0.0001 0.39 <0.0001
AREAc: | 111.24 <0.0001 -0.22 <0.0001 0.20 <0.0001 0.42 <0.0001 0.10 <0.0001
AREAsw | 100.93 <0.0001 -0.23 <0.0001 0.14 <0.0001 0.38 <0.0001 0.06 0.0334
amaxxv | 269.56 <0.0001 -0.19 <0.0001 0.25 <0.0001 0.44 <0.0001 0.18 <0.0001

amaxz | 313.48 <0.0001 0.21 <0.0001 -0.32 <0.0001 -0.53 <0.0001 -0.19 <0.0001

S2 Table 3. Posture effects on frame-independent stability metrics. Pairwise posture contrasts from linear GEE models fit separately for each frame-independent metric in the Bottle
frame. Metrics were standardized; estimates are reported on the standardized scale, along with corresponding p-values.

Marginal Mean o M L Sitting - Supine Standing - Supine Standing - Sitting
Metric | Supine Sitting Standing verat pvatue Estimate p-value | Estimate p-value | Estimate p-value
MACC | -0.11 -0.04 0.13 0.0002 0.24 <0.0001 0.17 0.0007
RACC | -0.07 -0.04 0.11 0.0300 0.17 0.0051 0.15 0.0034
TOTEX
MJERK 0.16 0.0045
VOLUMEce
VOLUMEGcs
MFREQ
amax
Tit| 059 024  -0.30 <0.0001

Duration

S2 Table 4. Posture effects on frame-dependent stability metrics by reference frame. Pairwise posture contrasts from linear GEE models fit separately for each metric and reference
system. Metrics were standardized within the reference frame; estimates are reported on the standardized scale with corresponding p-values.

Frame Bottle
Marginal Mean Sitting - Supine Standing - Supine Standing - Sitting
. . . . Overall p-value . i i
Metric | Supine Sitting Standing Estimate p-value | Estimate p-value | Estimate p-value
MACCxy | -0.11 -0.03 0.14 0.0002 0.25 <0.0001 0.16 0.0009
MACC: | -0.09 -0.04 0.12 0.0219 0.20 0.0009 0.16 0.0045
RACCxy | -0.07 -0.04 0.11 0.0359 0.18 0.0029 0.14 0.0056
RACC: 0.14 0.0402 0.14 0.0113
TOTEXxy
TOTEX:
MJERKxy 0.14 0.0132
MJERK: 0.18 0.0061 0.13 0.0130
AREAcc
AREAce

AREAsw



amaxxy
amaxz
Frame PCA

Marginal Mean Sitting - Supine

Standing - Supine
Supine Sitting Standing p-value Estimate p-value

Standing - Sitting

Metric Estimate p-value | Estimate p-value
MACCxv | -0.09 -0.04 0.13 0.0025 0.21 0.0002 0.17 0.0006
MACC; | -0.12 -0.03 0.13 0.0002 0.24 <0.0001 0.16 0.0025
RACCxy | -0.06 -0.04 0.11 0.0285 0.17 0.0069 0.15 0.0020
RACC: 0.17 0.0061 0.14 0.0084
TOTEXxy
TOTEX;
MJERKxy 0.15 0.0149
MJERK: 0.17 0.0035
AREAcc
AREAce
AREAsw
amaxxy
amaxz
Frame Velocity

Marginal Mean Sitting - Supine Standing - Supine Standing - Sitting
Metric | Supine Sitting Standing p-value Estimate p-value | Estimate p-value | Estimate p-value
MACCxy | -0.22 0.04 0.17 <0.0001 0.26 <0.0001 0.39 <0.0001 0.13 0.0212
MACC: | 0.10 -0.16 0.05 0.0010 -0.26 0.0001 0.21 0.0006
RACCxy | -0.17 0.03 0.14 <0.0001 0.20 0.0002 0.31 <0.0001
RACC: | 0.14 -0.17 0.03 0.0002 -0.30 <0.0001 0.19
TOTEXxv
TOTEX;
MJERKxy . 0.27 <0.0001
MJERK:
AREAcc
AREAce . 0.15 0.0269 0.23 0.0006
AREAsw 0.20 0.0058
amaxxy
amaxz | 0.27 -0.18 -0.07 <0.0001 -0.45 <0.0001 -0.34 <0.0001
Frame Vertical

Marginal Mean Sitting - Supine Standing - Supine Standing - Sitting
Metric | Supine Sitting Standing p-value Estimate p-value | Estimate p-value | Estimate p-value
MACCyxy | -0.22 0.03 0.18 <0.0001 0.25 <0.0001 0.40 <0.0001 0.15 0.0130
MACC: | 0.05 -0.11 0.06 0.0139 -0.17 0.0319 0.17 0.0005
RACCxy | -0.18 0.02 0.16 <0.0001 0.20 0.0004 0.34 <0.0001 0.14 0.0264
RACCz | 0.09 -0.12 0.03 0.0161 -0.21 0.0053 0.15 0.0027
TOTEXxy
TOTEX:
MJERKxy 0.16 0.0022 0.21 0.0009

MJERK:
AREAcc
AREACce
AREAsw

0.16 0.0034

0.18 0.0213
0.21 0.0016
0.16 0.0119



amaxxy
amaxz | 0.26 -0.14 -0.10 <0.0001 -0.39 <0.0001 -0.35 <0.0001

S2 Table 5. Frame-independent associations of successfully instilling a drop into the eye (versus not getting the drop into the eye). Odds ratios (OR) and 95% confidence intervals
(Cl) from GEE logistic regression models relating standardized frame-independent stability metrics, tilt, and duration to instillation success, stratified by posture..

Position Supine Sitting Standing

Adjusted
p-value

MACC [ 0.57 [0.45,0.72] <0.0001  0.0001
RACC | 0.62 [0.51,0.76] <0.0001  0.0001
TOTEX
MJERK [0.44,0.79]  0.0004  0.0098
VOLUMEce [0.75,0.92] 0.0005  0.0131
VOLUMEcs [0.77,0.90]  <0.0001
MFREQ
amax
Tilt
Duration

Adjusted
p-value

Adjusted

Metric | OR 95% CI p-value
p-value

OR 95% CI p-value OR 95% ClI p-value

0.71 [0.56,0.90]  0.0051

0.77 [0.64,0.94] 0.0114
0.78 [0.63,0.98]  0.0302

0.78
1.52

0.0478
0.0185

[0.61, 1.00]
[1.07, 2.14]

1.36  [1.04,1.79]  0.0249

2.08 [1.40,3.08] 0.0003 0.0074

S2 Table 6. Frame-independent associations of dispensing a single drop (versus multiple drops). ORs and 95% Cls from GEE logistic regression models relating standardized frame-
independent metrics, tilt, and duration to dispensing one drop, stratified by posture..

Position Supine Sitting Standing
Adjusted Adjusted
p-value p-value

Adjusted

Metric | OR 95% Cl p-value
p-value

OR 95% CI p-value OR 95% CI p-value

MACC
RACC
TOTEX 0.61 [0.45,0.83] 0.0019  0.0489 [ 0.46 [0.32,0.67] <0.0001  0.0009
MJERK

VOLUMEce

VOLUMEcs
MFREQ
amax
Tilt
Duration | 0.49 [0.38,0.63] <0.0001  <0.0001 [ 0.50 [0.37,0.66] <0.0001  0.0001 [ 0.36 [0.26,0.50] <0.0001  <0.0001

S2 Table 7. Frame-independent associations of bottle tip contamination. ORs and 95% Cls from GEE logistic regression models relating standardized frame-independent metrics, tilt,
and duration to bottle tip contamination, stratified by posture. Reference category: contamination = yes (touch occurred).

Position Supine Sitting Standing
Adjusted Adjusted OR 95% Cl p-value Adjusted

Metric | OR 95% CI p-value
p-value p-value p-value

OR 95% Cl p-value




MACC
RACC
TOTEX
MJERK
VOLUMEce
VOLUMEcs
MFREQ
amax

Tilt
Duration

0.84 [0.71,0.99]  0.0430

[0.47, 0.84]
[0.51, 0.85]

0.0014
0.0016

[0.48, 0.90]
[0.39, 0.83]
[0.39, 0.78]

0.0084
0.0034
0.0008

1.27 [1.06,1.52] 0.0100

0.83
1.89

[0.72, 0.96]
[1.43, 2.50]

0.0137

<0.0001

0.0387

0.0421

0.79 [0.63,1.00] 0.0465
0.77 [0.62,0.97]  0.0291

0.0225

0.0002

0.82
1.79

[0.69, 0.97]
[1.43,2.27]

0.0202
<0.0001

<0.0001

S2 Table 8. Frame-dependent associations of instillation success across reference frames. ORs and 95% Cls from GEE logistic regression models relating standardized frame-
dependent stability metrics to instillation success, fit separately by posture and reference frame. Reference category: drop not in the eye.

Position Supine
Frame Bottle PCA Velocity | Vertical
Metric | OR 95% CI p-value adjusted OR 95% CI p-value adjusted OR 95% ClI p-value adjusted OR 95% CI p-value adjusted
p-value p-value p-value p-value
MACCxy | 0.59 [0.47,0.73] <0.0001 0.0002 0.66 [0.53,0.82] 0.0002 0.0238 0.58 [0.47,0.72] <0.0001 0.0001 0.56 [0.45,0.69] <0.0001 <0.0001
MACC: | 0.62 [0.47,0.81] 0.0005 0.53 [0.43,0.67] <0.0001 <0.0001 0.61 [0.47,0.78] 0.0001 0.0153 0.68 [0.52,0.90] 0.0076
RACCxy | 0.62 [0.50,0.77] <0.0001 0.0024 0.70 [0.57,0.87] 0.0010 0.62 [0.50,0.76] <0.0001 0.0013 0.60 [0.48,0.74] <0.0001
RACC; | 0.68 [0.56,0.83] 0.0001 0.0148 0.60 [0.49,0.72] <0.0001 <0.0001 0.67 [0.56,0.82] 0.0001 0.0091 0.74 [0.60,0.90] 0.0034

TOTEXxvy
TOTEX:
MJERKxy
MIJERK:
AREAcc
AREAce
AREAsw
amaxxy
amaxz
Position
Frame

0.61
0.74

Metric  OR

MACCxy
MACC;
RACCxy
RACC:
TOTEXxy
TOTEX:
MJERKxy
MIJERK:
AREAcc
AREAce
AREAsw
amaXxy
amaxz

0.71
0.73
0.78

[0.47,0.82]
[0.44, 0.83]
[0.63, 0.86]
[0.66, 0.87]
[0.65, 0.84]

95% CI

[0.57,0.90]
[0.59, 0.90]
[0.61, 1.00]

0.0006 [0.52,0.93] 0.0154
0.0019 0.54 [0.40,0.73] <0.0001
0.0001 0.0201 0.85 [0.74,0.98] 0.0289
0.0001 [0.72,0.94] 0.0050

<0.0001 [0.69,0.92] 0.0020

Bottle PCA

adjusted

OR
p-value

p-value 95% CI p-value

0.0038
0.0027
0.0483

0.76
0.72
0.75

[0.60, 0.96]
[0.59, 0.87]
[0.62, 0.91]

0.0209
0.0006
0.0042

[0.46,0.78]  0.0001
0.63 [0.45,0.87] 0.0055
[0.63,0.85] <0.0001  0.0057

[0.66,0.87]
[0.65, 0.83]

0.0001
<0.0001

Sitting

adjusted
p-value

Velocity
adjusted

OR
p-value

95%Cl  p-value

0.80 [0.66,0.96] 0.0171
0.81 [0.67,0.98] 0.0308
0.77 [0.60,0.99] 0.0382

0.67 [0.51,0.88] 0.0044

0.0003
0.0197
<0.0001
<0.0001
<0.0001

[0.45,0.78]
[0.52, 0.95]
[0.61,0.84]
[0.63,0.82]
[0.61,0.81]

Vertical

OR 95% Cl p-value

0.69 [0.50,0.94] 0.0192

0.70 [0.52,0.95] 0.0242

adjusted
p-value




Position Standing
Frame Bottle PCA Velocity Vertical

adjusted adjusted adjusted OR 95% Cl p-value

p-value p-value p-value

adjusted

Metric | OR 95% ClI p-value
p-value

OR 95% Cl p-value OR 95% ClI p-value

MACCxy
MACC: 0.73 [0.57,0.94] 0.0161
RACCxy
RACC: 0.73 [0.56,0.94] 0.0150
TOTEXxy
TOTEX:
MJERKxy
MIJERK:
AREAcc
AREAc: 0.77 [0.60,0.98] 0.0350

AREAsw 0.77 [0.61,0.98] 0.0315

amaxxy | 0.80 [0.65,0.99] 0.0381 0.75 [0.59,0.97] 0.0283

amaxz 0.79 [0.63,0.98] 0.0330

S2 Table 9. Frame-dependent associations of the number of drops across reference systems. ORs and 95% Cls from GEE logistic regression models relating standardized frame-
dependent stability metrics to dispensing one drop, fit separately by posture and reference frame. Reference category: multiple drops (22).

Position Supine
Frame Bottle PCA Velocity Vertical

Adjusted Adiusted | o gsmet  pvae US| op esgcl pevalue
p-value p-value p-value

Adjusted

Metric | OR 95% CI p-value
p-value

OR 95% CI p-value

MACCxy
MACC:
RACCxy
RACC:
TOTEXxy | 0.65 [0.46,0.91] 0.0116 0.63 [0.44,0.90] 0.0112 0.64 [0.46,0.88] 0.0074 0.63 [0.45,0.87] 0.0054
TOTEXz | 0.58 [0.42,0.79] 0.0007 0.63 [0.46,0.84] 0.0020 0.62 [0.45,0.84] 0.0020 0.62 [0.44,0.87] 0.0059
MJERKxy
MJERK:
AREAcc
AREAce
AREAsw
amaxxy
amaxz
Position Sitting
Frame Bottle PCA

OR 95% CI p-value

Velocity Vertical

Adjusted
p-value

Adjusted
p-value

Adjusted
p-value

Adjusted

Metric OR 95% CI p-value
p-value

OR 95% CI p-value OR 95% CI p-value

MACCxy
MACC:
RACCxy
RACC:
TOTEXxy

0.65 [0.47,0.88] 0.0061 0.62 [0.47,0.81] 0.0004 0.61 [0.45,0.85] 0.0030 0.59 [0.44,0.78] 0.0002 0.0295



TOTEX: 0.57 [0.42,0.77] 0.0003 0.0434 0.62 [0.44,0.87] 0.0057 0.66 [0.52,0.84] 0.0009 0.65 [0.45,0.93] 0.0205
MJERKxy
MJERK:
AREAcc
AREAce
AREAsw
amaxxy 0.82 [0.68,1.00] 0.0470
amaxz
Position Standing

Frame Bottle PCA Velocity Vertical
Adjusted Adjusted Adjusted
p-value p-value p-value

Adjusted

Metric | OR 95% CI p-value
p-value

OR 95% CI p-value OR 95% ClI p-value OR 95% Cl p-value

MACCxy
MACC:
RACCxy
RACC:
TOTEXxy | 0.50 [0.35,0.70] 0.0001 0.0128 0.48 [0.33,0.68] 0.0001 0.0084 0.49 [0.34,0.70] 0.0001 0.0150 0.45 [0.32,0.65] <0.0001 0.0021
TOTEX; | 0.44 [0.30,0.65] <0.0001 0.0076 0.47 [0.33,0.67] <0.0001 0.0039 0.46 [0.32,0.65] <0.0001 0.0015 0.50 [0.34,0.71] 0.0001 0.0180
MJERKxy
MJERK:;
AREAcc
AREAck
AREAsw
amaxxy 0.70 [0.57,0.86] 0.0007 0.78 [0.62,0.96] 0.0227
amaxz 0.79 [0.64,0.99] 0.0365

S2 Table 10. Frame-dependent associations of bottle tip contamination across reference frames. ORs and 95% Cls from GEE logistic regression models relating standardized frame-
dependent stability metrics to bottle tip contamination, fit separately by posture and reference system. Reference category: contamination = yes (touch occurred).

Position Supine
Frame Bottle PCA Velocity Vertical

Adjusted Adjusted OR 95% ClI p-value Adjusted OR 95% CI p-value
p-value p-value p-value

Adjusted

Metric | OR 95% CI p-value
p-value

OR 95% Cl p-value

MACCxy

MACC: | 0.81 [0.66,0.98] 0.0344 0.77 [0.63,0.93] 0.0096

RACCxy
RACC; | 0.83 [0.70,0.98] 0.0256
TOTEXxy
TOTEX;
MJERKxy
MJERK;
AREAcc
AREAc:
AREAsw
amaXxxy
amax; | 0.87 [0.76,1.00] 0.0464 0.86 [0.75,1.00] 0.0492
Position Sitting



Frame Bottle PCA Velocity Vertical
Adjusted OR 95% Cl p-value Adjusted Adjusted
p-value p-value p-value

Adjusted

Metric OR 95% CI p-value
p-value

OR 95% CI p-value OR 95% CI p-value

MACCxy 0.64 [0.47,0.85] 0.0028
MACC: 0.69 [0.54,0.89] 0.0041
RACCxy 0.66 [0.50,0.87] 0.0033

RACC; 0.71 [0.57,0.89]

TOTEXxy
TOTEX:

MJERKxy [0.49,0.90] 0.0087
MJERK:; 0.70 [0.53,0.92] 0.0109
AREAcc 0.60 [0.43,0.82] 0.0015
AREAce 0.63 [0.46,0.85] 0.0032 0.67 [0.50,0.89] 0.0064 0.63 [0.48,0.83] 0.0013 0.63 [0.46,0.84] 0.0019
AREAsw 0.62 [0.44,0.88] 0.0066 [0.46,0.86] 0.0041 [0.45,0.85] 0.0030 [0.46,0.85] 0.0021
amaxxy 0.78 [0.65,0.95] 0.0130 [0.69, 0.96] [0.69, 0.93] [0.68, 0.93]

amaxz 0.86 [0.75,0.99] 0.0373

0.67 [0.51,0.88] 0.0044
0.65 [0.50,0.85] 0.0019
0.68 [0.53,0.89] 0.0053
0.68 [0.53,0.87]

0.66 [0.50,0.86] 0.0026
0.79 [0.64,0.97] 0.0239
0.68 [0.53,0.88] 0.0036
0.79 [0.64,0.96] 0.0203

0.65 [0.49,0.85] 0.0015
0.73 [0.56,0.94] 0.0150
0.66 [0.51,0.85] 0.0013
0.77 [0.61,0.96] 0.0238

[0.49, 0.90]
0.71 [0.54,0.93] 0.0130
0.66 [0.51,0.86] 0.0022

[0.51, 0.92]
0.72 [0.55,0.95] 0.0212
0.64 [0.48,0.85] 0.0022

[0.50, 0.90]
0.72 [0.53,0.97] 0.0290
0.62 [0.48,0.81] 0.0003

Position Standing
Frame Bottle PCA Velocity Vertical
Metric | OR  85%cl  pvawe AUUS®A | op gspel  pvawe  AUUSY o esgcl  pvawe  AUUS™A | op  gspcl  pvawe  Adiusted
p-value p-value p-value p-value

MACCxy
MACC;
RACCxy
RACC:
TOTEXxy
TOTEX:
MJERKjxy
MIJERK:
AREAcc
AREACce
AREAsw
amaXxy
amaxz

0.78 [0.62,0.97] 0.0269

0.78 [0.63,0.96] 0.0211
0.79 [0.65,0.97] 0.0225

0.80 [0.66,0.97] 0.0253

0.75 [0.58,0.95] 0.0204

0.75 [0.59,0.95] 0.0177 0.79 [0.64,0.99] 0.0368

0.72 [0.57,0.92] 0.0076 0.72 [0.58,0.89] 0.0032

0.76 [0.60,0.98] 0.0329

0.80 [0.65,0.99] 0.0369
0.83 [0.69,0.98] 0.0289

0.81 [0.69,0.96] 0.0141
0.82 [0.68,0.99] 0.0405

0.81 [0.67,0.97] 0.0239

0.84 [0.71,0.99] 0.0381



