Classifying Pre-Radiographic Osteoarthritis of
the Knee Using Wearable Acoustics Sensing at
the Point of Care
Supplementary Material

Supplementary Table 1: Groupwise demographics of study participants

Control OA Pre-OA
Subjects (N) 13 11 8
Age (Mean) 46.2 63.0 46.8
BMI (Mean) 289 32.0 359
Sex (M) 76.9% 63.6% 75.0%

Supplementary Table 2: Total number of knees evaluated, by group, and number of knees included for each scripted maneuver.
Data from flexion-extension and sit-to-stand maneuvers were excluded from the dataset if movement cycles exceeded 0.40 Hz
to lessen variation introduced by large biomechanical forces present in vigorous movement. No pace threshold was used for
walking. If a participant was unable to complete a scripted maneuver or an error which occurred during acoustic measurement
was identified after the participant’s visit, only their data for the corrupted maneuver was excluded from the dataset to preserve
as much data as possible.

Control OA Pre-OA
Knees 20 12 11
— Flexion-Extension 18 12 11
— Sit-to-Stand 16 9 9
— Walking 20 10 10

Supplementary Table 3: Mean # standard deviation of Knee Injury and Osteoarthritis Score (KOOS) subscales for pre-OA and
OA participants. Subscale scoring ranges from 0 to 100, with 100 representing healthy, unimpeded function and 0 representing
the most severe injury and interference with daily function.
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Supplementary Table 4: Median values +/- standard deviation for individual scripted maneuvers included in our optimized
classification models by scripted maneuver and group. After finding non-normal feature distributions with the Shapiro-Wilk Test,
Kruskal-Wallis Test was used to compare feature medians between groups. Dunn’s test was used for post-hoc analyses with the
Bonferroni correction. Several acoustic feature means were different between healthy and pre-OA and healthy and OA for flexion-
extension and sit-to-stand. Only healthy vs OA had significantly different median values for walking measurements. Significant
p-values are bolded. Pre-OA: early pre-radiographic osteoarthritis; OA: radiographic osteoarthritis; MFCC: Mel-Frequency
Cepstrum Coefficient; RMS: root-mean-square value.
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Supplementary Table 5: Healthy Vs OA Classification Model Performance.

Healthy vs. OA Classification Performance

Healthy  Arthritic

Movement P Effect Size CI ROC e e
Type Mseagl + Mseagl + value  (Hedge’sg)  95% AUC Accuracy Sensitivity  Specificity
Flexion-  0.20+ 0.83+ [0.49 o o o

Extension 0.22 0.15 <0.005 3.01 0.77] 0.97 97% 100% 94%
Sit-to-  0.20+ 0.78 + [0.35 0 o o
Stand 0.29 0.22 <0.005 1.98 0.79] 0.93 84% 89% 81%
. 038+ 0.60 £ [0.06 0 o o
Walking 0.20 0.18 0.007 1.07 0.38] 0.82 83% 80% 85%
. 0.24 + 0.82 + [0.45 0 0 0
Composite 0.22 0.13 <0.005 3.17 0.71] 0.99 94% 100% 90%
0.42 + 0.57 + [-0.33 0 0 0
Age / BMI 0.22 021 0.06 0.69 0.01] 0.72 59% 67% 55%
Supplementary Table 6: Healthy vs. All OA (pre-OA and OA) Classification Performance.
Healthy vs. All OA Classification Performance
Movement il/leeillrtlhz I(;?e};rrit: P Effect Size ¢l ROC Accuracy  Sensitivit Specificit
Type SD D value (Hedge’sg) 95%  AUC Y Y p Y
Flexion-  0.34 =+ 0.72+ [0.24 0 o o
Extension 023 0.19 <0.005 1.81 0.53] 0.88 80% 83% 78%
Sit-to- 035+ 0.63+ [0.16 0 o o
Stand 0.16 015 <0.005 1.81 0.39] 0.91 80% 78% 81%
. 0.46 + 0.55+ [-0.01 0 o o
Walking 0.15 0.13 0.07 0.64 0.17] 0.70 75% 80% 70%
. 0.40 + 0.68 [0.17 0 o o
Composite 0.17 015 <0.005 1.75 0.38] 0.89 84% 96% 70%
Age / BMI 041 % 0.59 & 0.008 0.82 [0.05 0.72 72% 71% 71%

0.23 0.21 0.33]




Supplementary Table 7: Multiclass Classification Performance.

Healthy, Pre-OA, and OA Multiclass Classification Performance

Movement Type  Accuracy Eiﬁ;ﬁi Sensitivity — Specificity lg iililg/y Pre-OA Accuracy Acgﬁacy
Flexion-Extension 68% 67% 67% 84% 72% 55% 75%
Sit-to-Stand 62% 58% 58% 81% 75% 44% 56%
Walking 60% 60% 60% 79% 60% 60% 60%
Composite 71% 72% 71% 86% 75% 55% 83%
Composite with 5, 69% 68% 85% 75% 55% 75%

Pain & Crepitus
Age / BMI 56% 56% 56% 78% 55% 72% 41%




Supplementary Table 8: Averaged-rater intra-class correlation coefficients averaged across microphones for all
acoustic features investigated in this study. 10 knees from five participants of varying arthritic severity were
recruited, and KAE’s were measured four times across two measurement days from each participant. Average-rater
ICC values from both inter-session and intra-session comparisons were very high for all scripted maneuvers (0.971

+/-0.08).

Sit to Stand

Walking

Acoustic Feature Flexion-Extepsion Flexion-"Exte.nsion Sit to Slﬂ{ld Intra- WaLL(j_ng Intra-
Inter-Session Intra-Session Inter-Session Session Inter-Session Session

Speetral Spread 0.995 1.000 0.994 1.000 0.981 1.000
Speetral Centroid 0.995 1.000 0.993 1.000 0.987 0.999
Spectral Decrease 0.995 1.000 0.866 1.000 0.908 0.997
Spectral Entropy 0.995 1.000 0.991 1.000 0.981 0.995
Spectral Roll-Off Point 0.995 1.000 0.994 1.000 0.084 1.000
Spectral Skewness 0.993 0.998 0.989 0.999 0.956 0.989
spectral Slope 0.964 1.000 0.895 1.000 0.899 1.000
Spectral Crest 0.994 0.999 0.986 0.099 0.974 0.999
Zero-Crossing Rate 0.995 0.999 0.994 0.999 0.986 1.000
RMS 0.960 0.969 0.893 0.890 0.879 0.913
Log Energy 0.967 0.995 0911 0.979 0.866 0.994
MECC 0 0.975 0.997 0.923 0.993 0.801 0.999
MFCC 1 0.995 1.000 0.992 1.000 0.942 1.000
MFCC 2 0.993 1.000 0.986 1.000 0.859 1.000
MFCC 3 0.989 1.000 0.987 1.000 0.979 0.990
MFCC 4 0.992 1.000 0.986 1.000 0.983 1.000
MFCC 5 0.990 1.000 0.987 1.000 0.983 1.000
MFCC 6 0.988 1.000 0.987 1.000 0.960 0.995
MFCC 8 0.986 1.000 0.981 1.000 0.924 0.994
MFCC 9 0.980 0.987 0.968 0.978 0.946 0.998
MFCC 11 0.950 0.999 0.927 0.999 0.964 1.000
Band Power 380400 Hz 0.974 0.999 0.945 0.997 0.966 0.998
Band Power 825-870 Hz 0.980 0.999 0.982 0.099 0.984 0.999
Band Power 910-950 Hz 0.991 0.999 0.977 0.999 0.983 0.999
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Supplementary Figure 1: Principal component analysis (PCA) of acoustic features from individual microphones for flexion-
extension and sit-to-stand maneuvers. PCA was used to reduce the dimensionality of acoustic features to visualize data variability
between movement cycles. Inferomedial and inferolateral microphones showed the most separation between clusters, with pre-OA
grouping closer to OA than healthy. Pre-OA: early pre-radiographic osteoarthritis; OA: radiographic osteoarthritis.



