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Abstract: Patients with tibial fractures typically undergo partial weight-bearing (PWB) rehabilitation. The key of
PWRB lies in precise load control, as insufficient loading may delay healing, while excessive loading risks secondary
fractures. Therefore, real-time monitoring of tibial forces and accurate regulation of weight-bearing ranges are critical
during rehabilitation. The existing monitoring devices suffer from challenges in achieving real-time measurement and
accuracy. To address this issue, a wearable monitoring system that integrates inertial measurement units and custom-
ized plantar pressure insoles had been developed to collect lower-limb kinematic and kinetic data in real time, with
vibration/audio feedback providing instant load warnings. Building upon this system, three “tibial axial force”

prediction models were proposed: an inverse dynamics model (physics-driven) , a multilayer perceptron model
(static mapping) , and a two-layer long short-term memory (LSTM) model (temporal modeling) . Six subjects were

recruited to simulate four PWB walking conditions, validating the predictive performance of these models. Results
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demonstrate the superior performance of the two-layer LSTM model across tasks, achieving a mean absolute error

ranging from (0.04 +0.02) to (0.08 + 0.05) body weight(BW)and a root mean square error ranging from (0.04 +

0.03) to (0.11 £ 0.04) BW, with the highest correlation to reference values. The synergistic integration of the multi-

modal sensor configuration and LSTM-based temporal modeling results in the effective capturing of temporal dynamic

characteristics within gait cycles, significantly increasing the prediction accuracy. This portable, wearable monitor-

ing system offers a reliable solution for guiding tibial fracture rehabilitation, showing a substantial clinical value.

Keywords: tibial force; wearable monitoring system; partial weight-bearing; two-layer long short-term memory

(LSTM) neural network
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Fig.1 Framework of the wearable monitoring system
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Fig.9 Tibial-force curves of six participants during four different weight-bearing walking conditions

25
IS 20} i i i
e | | |
= i i i
&K 15 i i @ |
o : i :
£ 1w} i | !
= 1
R i | |
1:1: 5t [ !
s i | |

0 : : .‘

FEB  75%PWB 50%PWB 25%PWB
BUZLSTM F Y MLPEER! [0 55 5l Jy 2 ki

E 10 WREEHEESRERESNEEZAESILER
Fig.10 Percent difference between the predicted tibial
peak force and the standard tibial peak force
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Tab.2 Error in tibial-force prediction during normal
walking using the MLP model with various sensor

combinations
RS S ES ewa (YA + F5ifEE) /BW
FEHA + B IMU + /MR IMU 0.13 £ 0.06
A 4 B IMU 0.15+0.03
JEJECHE F7 A 0.18 £0.05
JEFB IMU + /MR IMU 0.27 +0.04
JETB IMU 0.26 + 0.05

*3 FERAAEMERSFESES LSTM AT EETT
EREPHEEANIRE
Tab.3 Error in tibial-force prediction during normal
walking using the LSTM model with various sen-
sor combinations

R RS ema (B = brfEZE) /BW
B4 L IMU + /M IMU 0.08 + 0.05
AR+ JEH IMU 0.13 = 0.04
JENC R 0.14 +0.03
JEF IMU + /M IMU 0.23 = 0.04
JEHB IMU 0.24 = 0.06

* 4 BRBHE5ZEHE GRF Z b Pearson H5% R

Tab.4 Pearson correlation coefficient between tibial force

and vertical GRF
Zik FWB | 75% FWB | 59% FWB | 25% FWB
0.59 0.62 0.64 0.69
2 0.67 0.69 0.72 0.76
3 0.60 0.57 0.62 0.68
4 0.61 0.64 0.65 0.72
5 0.55 0.59 0.61 0.65
6 0.61 0.58 0.59 0.62
I « brdiE22 10.61 +£0.06 [0.62 +0.07 | 0.64 +0.08 | 0.68 = 0.10
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Fig.11 Representative examples of tibial force and GRF
under four loading conditions
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