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2. Materials and methods

2.1 Data
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Figure S1: Left side: Custom-built apparatus for Reach-to-Grasp task execution in the Forward direction; Right-
side: Reach-to-Grasp task setup.
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3. Results
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Figure S2: Number of parameters in Linear Model (LM), Feed-Forward Neural Network (FFNN), and
Recurrent Neural Network (RNN). Note: The number of parameters for Linear Models is negligible than the other
two models; hence, they are indiscernible here.
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Figure S3: Joint reaction forces estimated by Musculoskeletal (MSK) model for all five subjects. Note: The three
trials for individual subjects are shown in the same colour.



(1) Subject-exposed --- MSK —— RNN —— FFNN (I1) Subject-naive

(a) NRMSE = 0.29, r =0.92 (b) NRMSE = 0.23, r = 0.95 (a) NRMSE = 3.21, r = 0.88 (b) NRMSE = 0.43, r=0.95
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(c) NRMSE = 0.28, r=0.92 (d) NRMSE = 0.20, r = 0.98 (c) NRMSE = 3.24, r = 0.88 (d) NRMSE = 0.39, r=0.96
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(e) NRMSE = 0.19, r = 0.98 (f) NRMSE = 0.35, r=0.96 (e) NRMSE = 0.25, r = 0.97 (f) NRMSE = 1.22, r=0.88
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(g) NRMSE = 0.50, r = 0.88 (h) NRMSE = 0.36, r = 0.86 (g) NRMSE = 0.69, r = 0.60 (h) NRMSE = 0.92, r=0.84
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(i) NRMSE = 0.27, r = 0.97 (j) NRMSE = 0.59, r = 0.87 (i) NRMSE = 0.46, r = 0.90 (j) NRMSE = 0.49, r =0.74
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Figure S4: Comparing Feed-Forward Neural Network (FFNN) and Recurrent Neural Network (RNN)
predictions for joint moments (% Body Weight x Body Height) with the corresponding Musculoskeletal (MSK)
model outputs on a test trial in Subject-exposed (left) and Subject-naive (right) settings. Note: The performance of
FFNN and RNN are comparable (see Figure 4 in the main text); in this figure, we report r and NRMSE values only
for FENN.
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(a) NRMSE = 0.69, r = 0.86
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(c) NRMSE = 0.29, r = 0.99
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(b) NRMSE = 0.29, r = 0.98
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Figure S5: Comparing Feed-Forward Neural Network (FFNN) and Recurrent Neural Network (RNN)
predictions for muscle forces (% Body Weight) with the corresponding Musculoskeletal (MSK) model outputs for
a test trial in Subject-exposed (left) and Subject-naive (right) settings. Note: The performance of FFNN and RNN
are comparable (see Figure 4 in the main text); in this figure, we report r and NRMSE values only for FFNN.
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(b) NRMSE = 0.26, r = 0.99
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Figure S6: Comparing Feed-Forward Neural Network (FFNN) and Recurrent Neural Network (RNN)
predictions for muscle activations (%) with the corresponding Musculoskeletal (MSK) model outputs for a test
trial in Subject-exposed (left) and Subject-naive (right) settings. Note: The performance of FFNN and RNN are
comparable (see Figure 4 in the main text); in this figure, we report r and NRMSE values only for FFNN.



Linear Model Feed-Forward Neural Network Recurrent Neural Network

Tavg NRMSE,yg Tavg NRMSE,yg Tavg NRMSE,yg
Output Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Subject-exposed

Joint angles 0.85(0.15) 0.64(0.62) 0.92(0.23) 0.25 (0.2) 093(0.13)  0.32(0.24)
Joint reaction forces | 0.77 (0.21)  0.70 (0.31)  0.91 (0.12) 0.34 (0.11) 091(0.11)  0.33(0.09)
Joint moments 0.81(0.11) 0.58(0.25)  0.88 (0.08) 0.41 (0.2) 0.87 (0.09) 0.46 (0.2)
Muscle forces 0.73(0.31) 0.64(0.27)  0.85(0.29) 0.37 (0.17) 0.83 (0.3) 0.33(0.17)
Muscle activations | 0.75(0.28)  0.74 (0.28)  0.88 (0.25) 0.29 (0.15) 0.84(028)  0.37(0.17)

Subject-naive

Joint angles 0.85(0.11) 2.54(2.22) 0.86(0.17) 0.82 (0.65) 0.86 (0.13) 1.10 (1.02)
Joint reaction forces | 0.5 (0.59) 1.34(0.98) 0.75(0.35) 0.90 (0.74) 0.64 (0.34) 0.84 (0.77)
Joint moments 0.84 (0.11) 1.57(0.68) 0.85(0.12) 1.12 (1.02) 0.75 (0.13) 0.89 (0.68)
Muscle forces 0.71(0.2)  1.70(1.20)  0.95(0.03) 0.49 (0.53) 0.93 (0.04) 0.58 (0.27)
Muscle activations | 0.70 (0.17)  1.78 (1.16)  0.93 (0.04) 0.42 (0.28) 0.92 (0.06) 0.61 (0.21)

Table S1: Average Pearson’s correlation coefficient and average NRMSE values for Linear Model (LM), Feed-
Forward Neural Network (FFNN), and Recurrent Neural Network (RNN) prediction compared with
Musculoskeletal (MSK) model outputs. The FENN and RNN models consistently outperform the linear model. For
a given output category, averaging is done over all output features and test trials.



r NRMSE
Output ML model | Mean SD Max Min IQR ‘ Mean SD Max Min IQR

Subject-exposed

FFNN 092 023 10 -007 0.04| 025 02 079 004 028
B-LSTM 093 013 099 038 0.07| 032 024 076 003 045
FFNN 091 012 099 046 007 | 034 011 055 017 0.13
LSTM 091 011 099 051 0.09| 033 009 049 018 0.16
FFNN 0.88 0.08 098 0.7 0.1 0.41 02 097 019 0.16
B-LSTM 087 0.09 098 066 014 | 046 020 1.06 022 0.15
FFNN 085 029 099 007 008 | 037 017 069 010 0.18
LSTM 083 030 09 005 009 033 017 074 0.18 0.09
FFNN 088 025 10 021 005| 029 015 062 0.08 0.07
LSTM 084 028 099 011 0.09| 037 017 071 0.08 0.08

Joint angles
Joint reaction forces
Joint moments
Muscle forces
Muscle activations

Subject-naive

FFNN 086 017 098 032 007 | 082 065 242 020 0.60
B-LSTM 08 013 098 056 0.09 | 1.10 1.02 356 020 0.73
FFNN 075 035 098 -0.61 0.24 09 074 324 02 051
LSTM 064 034 092 -024 031| 084 077 319 015 051
FFNN 085 012 099 056 018 | 112 1.02 324 025 072
GRU 075 013 094 05 020 089 068 250 035 022
FFNN 095 003 097 088 0.02| 049 053 186 0.09 0.23
GRU 093 004 097 08 007]| 058 027 112 024 031
FFNN 093 004 09 084 004 042 028 09 010 0.30
LSTM 092 006 097 078 007 | 061 021 087 031 033

Joint angles
Joint reaction forces
Joint moments
Muscle forces

Muscle activations

Table S2: Average Pearson’s correlation coefficient and Average NRMSE Values for Feed-Forward Neural
Network (FFNN) and Recurrent Neural Network (RNN) predictions compared with Musculoskeletal (MSK)
model outputs. Note: The average is taken over all output features and over all test trials (for a given output
category). In the RNN cell category, ‘B’ stands for Bidirectional cell (which processes the input time series in both
forward and backward directions).



RMSE
Output ML model | Mean SD  Max Min IQR

Subject-exposed

FFNN 291 1.86 824 1.07 149
B-LSTM 3.42 1.73 791 1.04 232
FFNN 2.15 255 975 021 237
LSTM 208 237 784 024 238
FFNN 002 002 006 000 0.02
B-LSTM 002 002 007 0.00 0.03
FFNN 0.64 0.6 153 0.01 1.01
LSTM 0.45 037 097 003 0.64
FFNN 097 068 192 004 1.19
LSTM 1.38 1.05 278 0.04 1.85

Joint angles (degrees)
Joint reaction forces (% Body Weight)
Joint moments (% Body Weight x Body Height )
Muscle forces (% Body Weight)
Muscle activations (%)

Subject-naive

FFNN 9.07 354 1649 431 521
B-LSTM 11.09 4.62 2037 340 6.07
FFNN 552 674 2657 028 6.00
LSTM 644 10.81 4145 035 6.34
FFNN 003 003 009 0.00 0.056
GRU 003 003 011 0.00 0.03
FFNN 048 046 138 0.06 0.54
GRU 1.13 1.09 290 0.08 2.06
FFNN 1.09 065 203 017 1.02
LSTM 303 282 726 028 517

Joint angles (degrees)
Joint reaction forces (% Body Weight)
Joint moments (% Body Weight x Body Height)
Muscle forces (% Body Weight)

Muscle activations (%)

Table S3: Average RMSE Values for Feed-Forward Neural Network (FFNN) and Recurrent Neural Network
(RNN) predictions compared with Musculoskeletal (MSK) model outputs. Note: The average is taken over all
output features and over all test trials (for a given output category). In the RNN cell category, ‘B” stands for
Bidirectional cell (which processes the input time series in both forward and backward directions).



