Supplementary Materials: Summary of Studies Included in the Review
Motion capture and GRF predictions
[bookmark: _Hlk165923967]Supplementary Table 1: Summary of articles related to motion capture and GRF predictions.
	Ref.
(Year)
	Objective
	Subjects, Equipment, Software, and MSK Model
	Important Results
	Limitations

	[1]
(2021)
	IMU and optical motion capture systems were used to study the effects of motor variability introduced by altering arm swing or gait speed on gait kinematics.
	· 14 subjects (7 M, 7 F)
· Vicon MoCap and Xsens IMU
· Horizon Fitness treadmill
· OpenSim (Rajagopal and OpenSense extension)
	· Vicon MoCap and Xsens IMU based MSK models predicted identical trunk, pelvic, knee, and ankle ROM.
· The joint ROM was found to increase with an increase in motor variability by arm swing or gait speed.
	· Healthy and young subjects were studied only.

	[2]
(2014)
	The models for estimating ground contact shear forces from foot pressure and joint kinematics and full GRFs from joint kinematics were developed and validated in this study.
	· 7 subjects (M)
· Vicon MoCap
· 2 AMTI force plates
· Tekscan pressure mats (insole type)
· AMS (GaitFullBody)
	· Using all models, the anterior-posterior shear force was estimated with an accuracy of 6% BW and the medial-lateral shear force with 2% BW.
· The models had the m0aximum accuracy for all GRF components during the mid-stance phase.
	· The inclusion of a functions to divide forces between the right and left foot could improve the accuracy of the results.

	[3]
(2019)
	The effect of employing an IMU-based MSK model to predict gait kinetics and kinematics was studied. Additionally, a comparison was conducted using Qualisys MoCap.
	· 11 subjects (M)
· Xsens IMU and Qualisys MoCap
· 3 AMTI force plates
· AMS (GaitFullBody)
	· Good Person correlations between the IMU and MoCap based MSK models were discovered for the hip, ankle, and knee joint angles.
· Higher correlations were found between the vertical GRF&M and JRF&M values than in the other orientations.
	· Only young and healthy subjects were included in this study.

	[4]
(2017)
	The accuracy of GRF&M prediction utilizing IMU kinematic data was examined.
	· 11 subjects (M)
· Xsens IMU and Qualisys MoCap
· 3 AMTI force plates
	· GRF&M predictions made using IMU kinematic data were found to be similar to those made with optical motion data. Strong relationships were discovered in every direction.
	· Only male, healthy, and young subjects were examined in this study.
· Calculating the joint and muscle forces would also improve the validity of the findings.

	[5]
(2022)
	The purpose of the study was to connect OpenPose to OpenSim by using calibrated RGB cameras to forecast joint angles without markers. Additionally, a comparison between the accuracy of system and the marker-based system was conducted.
	· 1 subject (M)
· MoCap
· OpenSim, Pose2Sim (Rajagopal)
	· All joint angles average coefficient of multiple correlation in the sagittal plane was more than 0.9.
· When the average of all DOF and joint angles was calculated, the mean deviation was 3°.
	· The accuracy could be enhanced by using a physics-informed pose estimation model.

	[6]
(2022)
	The impact of combining MSK model with a single Azure Kinetic sensor on the estimation of joint kinetics and GRFs was assessed.
	· 10 subjects (7 M, 3 F)
· BTS Bioengineering optical MoCap and Microsoft Azure Kinetic Depth Sensor
· 2 Kistler force plates
· AMS (GaitFullBody)
	· For sagittal ankle and hip moments, there was a significant degree of agreement when compared to MoCap.
· Anteroposterior and vertical GRFs were also quite accurately predicted by the MSK model driven by Azure Kinetic sensor.
	· The sensitivity of the ground contact model parameters was not assessed.

	[7]
(2022)
	This study examined the effects of treadmill size on gait and muscle activation patterns using a customised MSK model.
	· 47 subjects
· 15 Xsens IMUs
· 2 treadmills
· AMS (TLEM 2.0)
	· The patterns of muscle activation on mobile and traditional treadmills were comparable.
· On the other hand, the mobile treadmill had lower preferred velocity, stride length, and stride time than the traditional treadmill.
	· The subjects were mostly female, and they had only three minutes to become accustomed to the treadmill.
· This study did not measure the GRF.

	[8]
(2015)
	The effect of error in toe marker placement on muscle forces and joint kinematics of patients with TKR during gait was evaluated.
	· 3 subjects (M, Impaired)
· Motion Analysis Corporation optical MoCap
· 3 AMTI force plates
· OpenSim (Gait2354)
	· For lower body joints, the residual variances and the error in toe marker placement exhibited a nearly linear relationship.
	· First, the actual shift in gait caused by the shoes was disregarded.
· The limited sample size restricted the potential of results to be applied widely.

	[9]
(2017)
	The goal of this work was to verify a kinetic-driven MSK model using AMS to predict GRFs in Parkinson's disease patients.
	· 9 subjects (Impaired)
· Parkinson’s disease
· Kinetic sensor v2 Depth camera
· 2 Kistler force plates
· AMS (GaitFullBody)
	· The kinetic v2 sensor was demonstrated to have the potential to be a useful tool for predicting GRFs in Parkinson's disease patients during gait.
	· The use of only one kinetic v2 depth camera led to limited measurement accuracy.
· The MSK model did not incorporate the kinematics driver for inversion/eversion.

	[10]
(2019)
	The accuracy of predicting GRFs, ankle, knee, and hip moments with a depth camera based MSK model was examined in patients with Parkinson’s disease.
	· 19 subjects (11 Healthy (5 M, 6 F), 8 Impaired (4 M, 4 F))
· Parkinson’s disease
· Kinect v2 depth camera
· AMS (GaitFullBody)
	· The group of patients with Parkinson's disease was shown to have significantly lower vertical and horizontal GRF peaks during propulsion and break, respectively.
· However, there was not a significant difference in the lower body joint moments across the groups.
	· Joint reaction moments and GRFs were not validated.
· A single depth camera was used.
· There were a limited number of subjects.

	[11]
(2017)
	This study intended to assess the validity of marker-based scaling methods in children with cerebral palsy and healthy control subjects by comparing them with the medical images-based scaling method.
	· 18 subjects (6 Healthy (3 M, 3 F), 12 Impaired (7 M, 5 F))
· Cerebral palsy
· Vicon optical MoCap
· Siemens MRI scanner
· OpenSim (Gait2392)
	· The accuracy of estimating the length of the shank and thigh segments was much improved by adding joint centers to marker-based scaling.
· The reliability of the scaling methods was comparable with an intraclass correlation coefficient of 0.97.
	· The effect of scaling on gait kinetics prediction was not investigated.
· Results cannot be generalized because this study only included children with cerebral palsy.


Model and Software Comparison
Supplementary Table 2: Summary of articles related to model and software comparison.
	Ref.
(Year)
	Objective
	Subjects, Equipment, and Software (Model)
	Important Results
	Limitations

	[12]
(2021)
	The objective of this study was to investigate the impact of walking velocity on the estimation of muscle forces and joint loadings using OpenSim and AMS.
	· 10 subjects (5 M, 5 F)
· Vicon MoCap
· 4 Kistler force plates
· OpenSim (Gait2392) and AMS (TLEM)
	· According to the results, the correlation coefficient between the JRF predictions made by AMS and OpenSim was greater than 0.96 for all speed scenarios.
· With the exception of the tibialis posterior and biceps femoris long head, which showed correlation coefficients below 0.68, the correlation coefficient of muscle forces was more than 0.7 in 80% of the speed conditions.
· Overall, it was found that the difference between the expected values increased as speed increased.
	· Both generic models did not include personalized muscle parameters.
· The influence of the muscle recruitment criterion was not addressed.

	[13]
(2018)
	This study aimed at comparing the joint kinematics, JRFs, and muscle forces predicted by OpenSim Gait2392 and the Human Body Model.
	· 7 subjects (4 M, 3 F)
· Vicon MoCap
· 2 AMTI force plates
· OpenSim (Gait offline analysis tool and Gait2392) and Human Body Model
	· While the joint kinematics and moments predicted by OpenSim and the Human Body model showed similar patterns, there was a statistically significant difference in magnitude across all DOF.
· Furthermore, the muscle forces of the soleus, peroneus longus, and psoas showed the highest statistical difference.
	· Only young and healthy participants were included in the study.

	[14]
(2021)
	This work aimed at investigating the relationship between the EMG-measured muscle activity and the OpenSim predicted muscle forces in older subjects during gait.
	· 9 subjects (M)
· Vicon MoCap
· EMG sensors
· 2 Kistler force plates
· OpenSim (Gait2392 and Gait2354)
	· For the majority of the muscles, a weak to moderate quantitative relationship was identified.
· Qualitatively, there was a general similarity between the trend of OpenSim-predicted muscle forces and the actual muscle activity, particularly for the gastrocnemius medialis.
	· The analysis only included male and healthy elderly subjects.
· To improve the validity of the findings, a comparison with the young and healthy subjects might be performed.

	[15]
(2017)
	The impact of STA on the ATLM, LLLM, and Gait2392 kinematics and kinetics prediction was examined using OpenSim.
	· 1 subject (M)
· Vicon MoCap
· 2 Bertec force plates
· OpenSim (ATLM, LLLM, Gait2392)
	· There was no significant effect of the STA on the trend or magnitude of joint angles.
· It was found that the hip JRF varied by 1.8 times BW.
· The majority of muscle forces varied by more than 30 percent.
	· The analysis was limited to a single subject.

	[16]
(2017)
	Using four different OpenSim models—Gait2392, ATLM, FBRM, and FBM16—the impact of the MSK model selection on the prediction of kinetics, kinematics, muscle forces, and activation patterns was investigated in this work.
	· 6 subjects (2M, 4F)
· Vicon MoCap
· Noraxon EMG sensors
· 6 Bertec force plates
· OpenSim (Gait2392, ATLM, FBRM, FBM16)
	· It was determined that the Gait2392 model was adequate for examining gait in young healthy adults.
· Also, the difference between simulated and measured results increased with an increase in the complexity of the MSK model.
	· The findings of this study were limited to healthy and young adults only.

	[17]
(2019)
	Comparing the estimations of muscle forces, kinetics, and kinematics from AMS and OpenSim during gait was the aim of this investigation.
	· 10 subjects (5 M, 5 F)
· Vicon MoCap
· 4 Kistler plates
· OpenSim (Gait2392) and AMS (TLEM)
	· There was a consistent discrepancy between OpenSim and AMS predictions for the ankle and hip kinematics in the sagittal plane for the whole gait cycle.
· The ankle joint showed the highest difference between the OpenSim and AMS forecasts for 50% of the gait cycle.
	· The findings were limited to healthy subjects only.

	[18]
(2008)
	The impact of the MSK model's DOF on the estimation of muscle forces was examined.
	· 9 subjects
· Motion Analysis Corporation MoCap
· Bertec treadmill
· OpenSim (Gait2354 and a 10 DOF 2D model)
	· Kinematics and kinetics produced by the 2D model were comparable to those of the 3D MSK model.
· While the stimulation patterns of the hip muscles differed between the two models, the patterns of the knee and ankle muscles were similar.
	· Because the gait data was gathered on a treadmill, the interpretation of muscle stimulation may differ from ground walking.

	[19]
(2022)
	The influence of static and EMG optimization methods on lower back JRFs prediction was investigated.
	· 6 subjects (3 M, 3 F)
· Qualisys MoCap
· 12 Delsys EMG sensors
· Treadmetrix treadmill
· OpenSim (m29DOF and m47DOF)
	· Muscle forces were shown to be more accurately predicted by the EMG optimization approach in terms of both trend and magnitude.
	· The intra-abdominal pressure and contributions of passive forces from non-muscular tissues were not considered in this study.

	[20]
(2020)
	The purpose of this investigation was to compare two muscle optimization strategies, static optimization, and CMC, using Gait2392 and FBRM in OpenSim.
	· 6 subjects (2 M, 4 F)
· Vicon MoCap
· Noraxon EMG sensors
· 6 Bertec force plates
· OpenSim (Gait2392 and FBRM)
	· It was discovered that while using CMC instead of static optimization, there was a larger error in knee extension torque.
· With CMC, there were greater muscle activations, co-contraction indices, and forces.
	· The subject specific muscle parameters were not used.

	[21]
(2019)
	Four MSK models (Gait2392, LLLM, ATLM, and Hip2372) were compared to estimate hip joint forces in THA patients.
	· 1 subject (Impaired)
· Hip98 dataset
· OpenSim (Gait2392, LLLM, ATLM, Hip2372)
	· There was less than 30% BW difference in error between the measured hip JRFs and estimates from all models (excluding ATLM).
· In the late stance phase of gait, all models overestimated the hip JRFs.
· The most accurate hip JRFs were predicted by LLLM.
	· The MSK modelling process did not consider the muscle weakness experienced by THA patients.
· The Hip98 dataset had limited number of markers.

	[22]
(2019)
	In this study, the predictions of HCFs from four different OpenSim models (ATLM, LLLM, Gait2392, and hip2372) were compared during gait.
	· 4 subjects (3 M, 1 F, Impaired)
· Hip98 dataset
· OpenSim (ATLM, LLLM, Gait2392, Hip2372)
	· Of all the models, the LLLM predicted HCFs with the highest correlation values and the lowest RMSE.
· Therefore, the LLLM proved to be the best model for predicting HCFs.
	· The subject-specific muscle parameters were not incorporated during MSK modelling.
· Muscle actuator models were created without considering the dynamics of contraction or the relationships between length, and velocity.

	[23]
(2021)
	A comparison was made between the KCF predictions made by three different MSK models i.e., ATLM, Rajagopal, and Lai models in a patient with TKR.
	· 1 subject (Impaired)
· Data from fifth edition of the Knee Grand Challenge Competitions
· OpenSim (ATLM, Rajagopal, and Lai models)
	· The prediction of force transmitted at the knee joint was poor for the ATLM model (correlation of 0.22), better for the Lai model (correlation of 0.77), and best for the Rajagopal model (correlation of 0.80) compared to the measured values.
· For the Rajagopal, ATLM, and Lai models, the corresponding RMSE values were 0.38, 0.62, and 0.43 BW, respectively.
	· There was no experimental measurement of the joint angles.
· For the analysis, just one subject was considered. To improve the accuracy of the findings, more subjects can be included.

	[24]
(2016)
	This study intended to compare several anatomical models, marker sets, and computational models for calculating joint kinematics in patients with cerebral palsy.
	· 8 subjects (4 M, 4 F, Impaired)
· Cerebral Palsy
· Vicon MoCap
· 3 AMTI force plates
· Siemens MRI scanner
· OpenSim (Gait2392)
	· It was discovered that there were differences of up to 13º between the computed joint kinematics by Gait2392 OpenSim model and Plug-in-Gait.
· Anatomical models accounted for the majority of the difference (94.4%), with computational methods (direct vs. inverse kinematic) producing only 2.7% of the difference.
	· The small sample size resulted in low statistical power for certain joint angles.
· In the MSK model, the foot was represented as a single element that could lead to kinematic irregularities, particularly in individuals with foot impairments.

	[25]
(2017)
	Four models—two inverse and two direct kinematic—were tested for reliability in determining the joint kinematics of children with cerebral palsy.
	· 18 subjects (7 Healthy (4 M, 3 F), 11 Impaired (7 M, 4 F))
· Cerebral palsy
· Vicon MoCap
· 3 AMTI force plates
· OpenSim (Gait2392)
	· There was no statistically significant difference between the kinematic and kinetic outputs from direct kinematics-based Plug-in-gait model and the inverse kinematic based Gait2392 models.
	· The findings cannot be generalized because the reliability of the models was evaluated on young healthy subjects and children with cerebral palsy.

	[26]
(2019)
	Using patients with hip OA, the differences between the estimations of HCFs from static optimization (OpenSim) and EMG assisted neural control (CEINMS) were investigated.
	· 18 subjects (Impaired)
· Vicon MoCap
· 16 Cometa EMG sensors
· 2 Kistler force plates
· OpenSim (Gait2392 and CEINMS plug in)
	· Compared to the experimental EMG data, the estimation of muscle forces from CEINMS showed higher correlation and a lower RMSE.
· The peak values of HCFs from CEINMS were statistically significantly greater than those obtained by static optimization in OpenSim.
	· Static optimisation in OpenSim was used without the calibration of muscle parameters.




Custom Models and Plugins
Supplementary Table 3: Summary of articles related to custom models and plugins.
	Ref.
(Year)
	Objective
	Subjects, Disease, Equipment, and Software (Model)
	Important Results
	Limitations

	[37]
(2022)
	This study intended to provide an elastic foundation hip contact MSK model for precise hip contact pressure prediction during walking.
	· 5 subjects (1 M, 4 F)
· Vicon MoCap
· 4 AMTI force plates
· OpenSim (Hip MSK Model)
	· In contrast to the finite element model, the location of the peak pressure was not precisely predicted by the MSK model.
· However, the predicted hip contact area patterns and dimensions form the finite element and MSK models were comparable.
	· For the analysis, the ligaments were excluded from the MSK model.

	[38]
(2022)
	Using MSK simulation, the effect of pelvic tilt (±10º) on the estimation of hip and muscle forces was examined during gait.
	· 6 subjects
· Vicon MoCap
· Bertec treadmill
· OpenSim (Gait2392)
	· Compared to posterior pelvic tilt, the resulting hip joint forces in anterior pelvic tilt were less.
· Pelvic tilt was found to significantly alter hip joint and muscle forces, and it should be considered for each subject during MSK modelling.
	· For all subjects in this study, a single generic MSK model was used.

	[39]
(2017)
	This study introduced an MSK model that used dynamic optimization in OpenSim.
	· 5 subjects (M)
· Vicon MoCap
· 3 AMTI force plates
· OpenSim (Custom)
	· There was strong agreement between the measured data and the anticipated GRFs.
· The findings demonstrated the viability of utilizing a dynamic optimization based MSK model to predict joint kinetics.
	· The computational cost of the model was high.

	[40]
(2016)
	The objective of this work was to create and demonstrate a 26-segment foot kinematic MSK model for precise prediction of gait parameters.
	· 6 (4 M, 2 F)
· Vicon MoCap
· Kistler force plate
· AMS (Custom)
	· A good agreement was discovered between the predicted joint ROM and the results from literature.
· For every joint, unique motion patterns were discovered.
	· There were a limited number of subjects.
· Rather than comparing with measured gold standard data, the literature data was used for the comparison.

	[41]
(2016)
	The goal of this study was to present an MSK model informed by EMG simulated data for precise muscle force predictions.
	· 5 subjects
· BTS Bioengineering MoCap
· BTS Bioengineering EMG sensors
· 2 Kistler force plates
· OpenSim (Custom)
	· The presented model predicted net joint moments that were consistent with literature values.
· The trends of muscle forces from the new model were similar to that predicted by generic model of OpenSim.
	· The results could not be generalized due to the small number of subjects.

	[42]
(2016)
	In this study, a full-body MSK model that represents muscles of young adults with high-fidelity was presented for accurate estimation of gait parameters.
	· 2 subjects (M)
· Motion Analysis Corporation MoCap
· Delsys EMG sensor
· Bertec force plate
· OpenSim (Rajagopal)
	· The highest root mean square error for the joint kinematics prediction was less than one degree.
· There was a strong qualitative correlation between the measured and anticipated muscle activity.
	· The hip and knee flexion-extension angles were limited to 30-120° and 0-120° respectively.

	[43]
(2017)
	The objective of the study was to interface Vicon MoCap with OpenSim, create software for the real-time estimation of gait kinematics and kinetics, and evaluate the performance of the created system.
	· 1 subject (M)
· Vicon MoCap
· Bertec treadmill
· OpenSim (Gait2392 and modified Gait2392)
	· The results were predicted by the real-time inverse kinematics and kinetics system with a delay of less than 31.5 milliseconds and 2000 frames per second.
· The joint angles and moments were anticipated with an RMSE of 0.61° and 4.07 Nm, respectively.
	· Pre-recorded raw data files were used for the analysis; therefore, they might not accurately reflect the actual experimental settings.

	[44]
(2015)
	This study provided CEINMS, an OpenSim plug-in for EMG-driven and EMG-informed MSK simulation.
	· 5 subjects
· Vicon MoCap
· 16 Aurion ZeroWire EMG sensors
· 2 Kistler force plates
· OpenSim (Gait2392)
	· The flexion-extension moments of the ankle and knee were adequately predicted by the EMG-driven MSK model; however, the flexion-extension moments of the hip could not be reliably estimated because the information about iliopsoas muscle activation was not available.
· The EMG-informed model predicted muscle activation more correctly than static optimization.
	· The calibration and execution of the model to the same task was the limitation of this investigation.

	[45]
(2018)
	For the purpose of preventing diabetic foot problems, internal stresses on the foot were estimated in this study using a three-dimensional finite element model of the foot and forces obtained from MSK modelling.
	· 1 subject (F)
· BTS Bioengineering MoCap
· BTS Bioengineering EMG sensors
· 2 Bertec force plates
· MRI scanner
· OpenSim (Gait2392)
	· The accuracy of the finite element model was improved by including the forces from both extrinsic and intrinsic muscles. This highlighted how crucial foot muscles are for controlling plantar pressure and internal stresses.
	· The material parameters of the muscles were taken from the literature and the muscles were simulated as connectors in the finite element model.
· The foot's geometry was obtained in an unloaded state.

	[46]
(2021)
	This article presented an OpenSim plugin for the instantaneous computation of strain rates and forces on the posterolateral and anteromedial ACL bundles during walking and other activities.
	· 4 subjects
· BTS Bioengineering MoCap
· 
· OpenSim (Custom)
	· The highest forces produced in the ACL muscle bundles occurred following the take-off phase.
	· The MSK model did not include the ligaments and connective tissues other than the ACL.

	[47]
(2011)
	The purpose of the study was to develop and validate an MSK model for the prediction of HCFs based on muscle forces in which activation patterns were supported by experimental measurements with the use of EMG sensors.
	· 4 subjects (3 M, 1 F, Impaired)
· HIP98 dataset
· OpenSim (LLLM)
	· Increasing the degree of the objective function increased the magnitude of predicted HCFs.
· The best prediction of muscle forces closest to EMG measurements was obtained when power of objective function was taken as two.
	· Healthy individuals were used to compare the assessment of muscle forces.
· Muscle actuator models were created without considering the dynamics of contraction or the relationships between force, length, and velocity.

	[48]
(2007)
	Using MSK modelling, the impact of stiff knee (spastic cerebral palsy) on gait was assessed both before and after treatment.
	· 1 subject (M)
· OpenSim (Gait2192)
	· The effects of botulinum toxin injection post treatment were modelled by reducing overexcitation of the rectus femoris.
· It was noted that there was an increase in knee flexion following treatment.
	· The results cannot be generalized due to the small number of subjects.

	[49]
(2020)
	In subjects with cerebral palsy and a healthy control group, the impact of a single versus multi-segment foot MSK model on the prediction of triceps surae lengths was examined.
	· 50 subjects (20 Healthy (8 M, 12 F), 30 Impaired (22 M, 8 F))
· Cerebral palsy
· Vicon MoCap
· OpenSim (Gait2392 and KU Leuven foot model)
	· In comparison to the multi-segment model, the single segment foot MSK model predicted greater triceps surae lengths.
	· A generic MSK model was utilized, and soft tissue artefacts were not considered in this study.

	[50]
(2021)
	The goal of this article was to present a MATLAB toolbox that can batch process gait trials in OpenSim.
	· N/A
	· The presented toolbox successfully processed batch gait trials.
	· The toolbox can only be used using MATLAB.


Scaling of MSK models
Supplementary Table 4: Summary of articles related to scaling of the MSK models.
	Ref.
(Year)
	Objective
	Subjects, Equipment, Software, and MSK Model
	Important Results
	Limitations

	[27]
(2010)
	The effect of employing generic parameters in MSK models on muscle force prediction was examined.
	· 3 subjects (M)
· Motion Analysis Corporation MoCap
· Bertec treadmill
· OpenSim (Gait2354)
	· It was found that as the number of muscles increased from 34 to 64, the magnitude of the force produced by the muscles changed, but the activation of the muscles remained the same.
	· The impacts of model dimensionality and muscle moment arm were not studied.

	[28]
(2014)
	The sensitivity of the personalized MSK model to uncertainties in musculotendon geometry, bone landmark location identification, and maximal muscle tension during gait was investigated.
	· 1 subject (M)
· BTS Bioengineering MoCap
· 2 Bertec force plates
· MRI scanner
· OpenSim (Custom Model)
	· The joint moments and angles were found to be insensitive to the MSK parameter uncertainty.
· Additionally, JRFs and muscle forces were only moderately affected by the parameter modification.
	· There was only one healthy male subject analysed in this study.
· The analysis did not consider the muscle-tendon factors such as tendon slack length and pennation angle.

	[29]
(2016)
	The goal of this study was to examine the effect of subject-specific pennation angle, as measured by MRI, on quadriceps muscle forces.
	· 3 subjects (M)
· Vicon MoCap
· 2 AMTI force plates
· Philips Ingenuity MRI scanner
· OpenSim (ATLM)
	· A statistically significant difference was found between the pennation angles obtained from MRI and the generic model, specifically for the vastus intermedius and medialis muscles.
· The variation in pennation angle caused a considerable difference in muscle forces and moments calculated by personalized and generic models.
	· The pennation angle of only four muscles was measured and updated in the generic model.
· However, the accuracy of the pennation angle measurement was not quantified.

	[30]
(2020)
	This study compared and examined the effects of linear and shape model scaling approaches on gait repeatability.
	· 5 subjects (4 M, 1 F)
· Vicon MoCap
· Bertec treadmill
· OpenSim (Gait2392)
	· When different researchers used linear scaling instead of shape model scaling, there was more variability (at least three times) in the gait data (joint angles, moments, and powers).
	· A smaller group of researchers examined the gait repeatability data.
· Also, the scaling factors used by the researchers were not considered.

	[31]
(2022)
	The purpose of this study was to investigate, using the shape model scaling technique, the effects of excluding thigh markers on the results of inverse kinematics.
	· 20 subjects (11 M, 9 F)
· Vicon MoCap
· Bertec treadmill
· OpenSim (Gait2392)
	· There was a median difference of 1.2º between the contemporary marker-set and the no-thigh group.
· Compared to traditional markers, the no-thigh markers produced less divergence from the contemporary marker-set for the hip and knee joints.
	· The analysis included only young and healthy subjects. Thus, generalizing the results is not possible.

	[32]
(2023)
	The influence of subject specific MSK modelling on tibiofemoral contact force prediction was examined in this study.
	· 18 subjects (M)
· Vicon MoCap
· 3 AMTI force plates
· OpenSim (Gait2392)
	· The estimated tibiofemoral contact forces were found to be consistent with in-vivo measurements from knee implants.
	· There was no alteration made to the sites of muscle and ligament attachments that could have increased the accuracy of the results.

	[33]
(2018)
	The aim of this work was to propose and evaluate a general method for calibrating (scaling, fitting, and model marker localisation) the MSK models.
	· 10 subjects
· Vicon MoCap
· 4 Kistler force plates
· OpenSim (Gait2392)
	· The standard and proposed approaches showed slight variations in the estimations of mean joint moments and angles.
· The proposed approach resulted in no interactions with the operator during model calibration.
	· This method was only applied to subjects who were able to stand on their feet and whose landmarks could be acquired reliably.

	[34]
(2015)
	This study examines four methods for predicting KCFs: uniform muscle coordination weighting, personalized strength modifications, personalized muscle coordination weighting, and static optimization.
	· 3 subjects (2 M, 1 F, Impaired)
· Grand Challenge Competition Data
· OpenSim (Gait1992)
	· The personalized strength modifications technique enhanced the prediction of the model with errors smaller than 0.5 %BW, and the personalized muscle coordination weighting strategy predicted the best results compared to experimental data.
	· Personalized muscle coordination weighting technique is not practical since in-vivo data is needed to generate the personalized weighting components.
· The number of subjects was limited.

	[35]
(2015)
	The effect of a personalized knee MSK model on predicted KCF by comparison with in-vivo data was assessed.
	· 1 subject (M, Impaired)
· Grand Challenge Data
· OpenSim (Improved Delp Model)
	· The personalized knee MSK model showed errors of 12.40% and 11.90% between predicted and in-vivo medial and lateral KCF, respectively, compared to 63.10% and 42.00% for the generic model.
	· In each compartment, the model assumed that tibiofemoral contact functioned through a single and stationary point.
· Rather than utilizing an EMG-driven method, the weighted static optimisation technique was employed to determine the muscle-weighing factors.

	[36]
(2018)
	The effect of an MRI-based personalized MSK model on the prediction of lower body kinematics in patients with ACL deficiency was studied.
	· 11 subjects (7 M, 4 F, Impaired)
· Vicon MoCap
· Single force plate
· 1.5 Tesla MRI Scanner
· OpenSim (Rajagopal Model)
	· Compared to the original MSK model, the personalized model based on MRI was more responsive to motion.
· Moreover, it was discovered that the original MSK model, without MRI personalization, had the highest ligament isometry.
	· The small framing of MRIs was one limitation. The MRIs did not include the entire femur, fibula, or tibia because they were first obtained for medical diagnosis.
· Also, there was no comparison with in-vivo data.




Gait Outputs
Supplementary Table 5: Summary of articles related to gait outputs.
	Ref.
(Year)
	Objective
	Subjects, Equipment, and Software (Model)
	Important Results
	Limitations

	[51]
(2013)
	This study aimed at assessing the relationship between muscle forces during forward and backward walking.
	· 1 subject (M)
· Vicon MoCap
· 6 Noraxon EMG sensors
· 2 Kistler forces
· OpenSim (MSK model with 19 DOF and 92 muscles)
	· The forces of the gluteus maximus, tibialis anterior, and biceps femoris short head muscles differed slightly during both forward and backward walking, with root mean square differences of 0.04,0.16, and 0.19, respectively.
· Conversely, there was a greater force difference between the rectus femoris, iliacus, and tibialis posterior muscles when walking backward and forward.
	· Results cannot be generalised because only one healthy male subject was considered for the analysis.

	[52]
(2017)
	This study examined the inter-individual differences and similarities in the muscle forces at the ankle joint while walking.
	· 10 subjects (M)
· Vicon MoCap
· 2 Kistler force plates
· OpenSim (Gait2392)
	· The soleus muscle had the highest maximal force across all participants, followed by the gastrocnemius medial head muscle.
· In 8 patients, the tibialis anterior exhibited the third-highest maximal force, while in 2 subjects, the tibialis posterior exhibited the same position.
· The lowest maximal forces were in flexor hallucis (2 subjects), flexor digitorum (7 subjects), and extensor hallucis (1 subject).
	· Results could not be generalized due to limited number of subjects.

	[53]
(2021)
	This study used the MSK model and experimental measurements (EMG and ultrasound imaging) to investigate the forces produced by the triceps surae in forward propulsion during walking.
	· 10 subjects (6 M, 4 F)
· Motion Analysis Corporation MoCap
· Delsys EMG sensors
· Bertec treadmill
· OpenSim (Gait2392)
	· It was determined that the biarticular gastrocnemius muscles were more essential for forward propulsion during walking than the uniarticular soleus muscles.
	· Subjects were compelled to walk at predetermined speeds instead of their preferred ones.
· The motion of the trunk was neither measured nor incorporated into the MSK model.

	[54]
(2020)
	The aim of this study was to use MSK modelling to examine the effects of perturbed walking on muscle forces in males and females.
	· 20 subjects (10 M, 10 F)
· Vicon MoCap
· 8 Delsys EMG sensors
· Motekforce Link treadmill
· OpenSim (Gait2392)
	· In comparison to males, females had greater and lower ACL antagonist and agonist muscle forces, respectively.
· In contrast, males showed higher soleus and hamstring muscle forces during the stance and initial phases of walking, respectively.
	· The accuracy of the results could be improved by the subject specific MSK models.
· The gait assessment was not performed at self-selected speed of the subjects.

	[55]
(2011)
	The aim of this study was to examine how knee joint kinematic predictions are affected by joint angle computations made with OpenSim and point cluster technique.
	· 16 subjects (8 M, 8 F)
· Vicon MoCap
· OpenSim (Delp Model)
	· There were significant differences between the OpenSim and point cluster method outcomes.
· There was a small, less than 1.8°, variation in the root mean square difference between the OpenSim results.
	· The results could not be compared with actual measurements because there were insufficient ground truth data.

	[56]
(2019)
	The influence of gait on ankle forces was explored using MSK modelling in OpenSim.
	· 1 subject (M)
· Motion Analysis Corporation MoCap
· AMTI force plate
· OpenSim (Gait2392)
	· Of all the muscles, the tibialis anterior exhibited the greatest force.
· The soleus and gastrocnemius medial head muscles played a vital role in propulsion. These muscles had a maximum force of greater than 1.5 %BW.
	· The analysis was limited to a single subject.

	[57]
(2014)
	This study used MSK modelling to analyse the effects of walking speed on estimations of tibiofemoral contact forces in healthy subjects.
	· 10 subjects (7 M, 3 F)
· Vicon MoCap
· Noraxon EMG sensors
· Bertec treadmill
· OpenSim (Delp Model)
	· The anticipated tibiofemoral contact forces were increased with an increase in walking speed.
· Also, the muscle forces were increased with an increase in speed.
	· Due to a lack of actual data, the estimates of tibiofemoral contact and muscle forces could not be verified.

	[58]
(2015)
	The purpose of this study was to explore the effect of greater push-off on hip JRF predictions during walking.
	· 9 subjects (3 M, 6 F)
· Motion Analysis Corporation MoCap
· Treadmill
· OpenSim (Gait2392)
	· There was a noticeable decrease in hip flexion and extension moments when push-off was increased.
· Additionally, there was a 12.5%, 9.6%, and 3.2% reduction in the hip JRFs in the anterior, medial, and superior directions.
	· Healthy subjects instead of patients with hip pain were made to walk in higher push-off situations, which can affect the results.

	[59]
(2017)
	In this study, the effects of 11 variables (anthropometry, foot structure, and spatiotemporal characteristics) on soft-tissue overuse injuries were examined.
	· 52 subjects (29 M, 23 F)
· Qualisys MoCap
· AMTI treadmill
· OpenSim (Custom)
	· The peak subtalar joint was moment correlated to step width, arch-height ratio, and foot length.
· The negative work of the subtalar joint was linked to foot mobility and a low arch-height ratio.
	· The foot model utilized in MSK modelling was not verified.

	[60]
(2015)
	The impact of parameter uncertainty and measurement error on gait kinetics and kinematics was explored in this study using Monte Carlo simulations.
	· 1 subject (M)
· Vicon MoCap
· 2 Bertec force plates
· OpenSim (Gait2392)
	· The cumulative effects of uncertainties were found to produce mean bounds ranging from 2.7-6.4º, 2.7-8.1 Nm, and 35.8-130.8 N for joint angles, joint moments, and muscle forces respectively.
	· There was only one male participant used to study the propagation of errors.

	[61]
(2010)
	This study investigated how the mode of locomotion (walking and running) affected the lengths of the hip muscle-tendon units.
	· 26 subjects (13 M, 13 F)
· Vicon MoCap
· Treadmill
· OpenSim (Gait2354)
	· The maximal lengths of the left biceps femoris and right illiacus muscles was same during running and walking.
· Additionally, when compared to walking, running increased the maximal length of the rectus femoris muscle.
	· A simplified version of Gait2392 MSK model was used.

	[62]
(2019)
	The goal of this study was to determine the loading patterns of the femoral bone, including hip JRFs and muscle forces during walking.
	· 99 subjects (45 M, 54 F)
· Qualisys MoCap
· Kistler force plates
· AMS (TLEM)
	· Hip JRF exhibited a two peaks curve.
· Numerous muscles exhibited two peak curves resembling hip JRFs, including the gluteus medius and minimus, vastus, pasos, obturator internus, piriformis, and gemellus.
	· The investigation focused only on the femoral bone.
· Additionally, the MSK analysis was carried out at the preferred speeds of the subjects.

	[63]
(2022)
	This study aimed at investigating the function of lower limb muscles in the kinematic movement of the ankle, hip, and knee in the sagittal plane during gait and upright standing posture.
	· 10 subjects (5 M, 5 F)
· Qualisys MoCap
· Delsys EMG sensors
· 3 AMTI force plates
· OpenSim (Gait2392)
	· During the stance phase, the gluteus maximus, vasti, soleus, and biarticular hamstrings were found to be the main lower limb extensors. Additionally, the rectus femoris, iliacus, psoas, tibialis anterior, and short head of the biceps femoris were the main muscles involved in the flexion of the lower limb.
· Only the vasti muscles and the short head of the biceps femoris functioned as extensors and flexors at each of the three joints during the swing phase.
	· • The observations were limited to the sagittal plane.
· During MSK modelling, the upper body and ankle joints were not considered.

	[64]
(2021)
	This study used a split-belt treadmill to measure the effects of altering gait symmetry (step length and knee JRFs).
	· 20 subjects (4 M, 16 F)
· Vicon MoCap
· 2 Bertec force plates
· OpenSim (Gait2392)
	· Variations in step length and knee JRF symmetry resulted in distinct lower limb loading patterns.
· Peak forces were increased with a shorter step length.
	· The muscular activations were not measured, and the simulated muscle activity was not validated.


Hip disorders
Supplementary Table 6: Summary of articles related to application of MSK modeling in studying hip disorders.
	Ref.
(Year)
	Objective
	Subjects, Equipment, and Software (Model)
	Important Results
	Limitations

	[65]
(2017)
	This study intended to explore the impact of symptomatic acetabular dysplasia on ROM, hip JRFs, moments, and muscle forces during gait.
	· 20 subjects (10 Healthy (3 M, 7 F), 10 Impaired (3 M, 7F))
· Vicon MoCap
· 4 AMTI force plates
· OpenSim (Hip MSK Model)
	· Apart from knee flexion moments, the kinetic and kinematic variables were lower in the impaired individuals as compared to the healthy group.
· Although there were more medially directed JRFs in the impaired subject group, there was not significant difference in the total JRF magnitude between the two groups.
	· The analysis did not consider subject-specific muscle attachments or strengths.

	[66]
(2017)
	This study examined how femoral offset affected abductor and JRFs in THA patients.
	· 15 subjects (8 M, 7 F, Impaired)
· OpenSim (Gait2392)
	· The prediction of abductor moment arms, their forces, and JRF changed, on average, by 8%, 16%, and 6% respectively with a femoral offset of +20%.
· The negative offset of femur decreased muscle moment while significantly increasing muscle and hip forces.
	· No experimental validation was done for the study's findings.
· The MSK model did not take joint stability into account when there was an excessive femur offset.
· When the femur was reconstructed, the change in muscle fibre length was not considered.

	[67]
(2018)
	[bookmark: _Hlk162875768]The effect of mediolateral and anteroposterior pelvis perturbations on human walking was investigated to better understand the role of joints in balance recovery.
	· 9 subjects (5 M, 4 F, Healthy)
· Phoenix Technologies Incorporation MoCap
· Delsys EMG sensors
· MotekForce Link Treadmill
· OpenSim (Gait2354)
	· Due to their ability to reduce the body's velocity in the direction of perturbations, the stance leg's hip and ankle joints perform an essential role in the balance recovery.
	· This work was limited by the assumptions of the MSK model and a smaller number of muscle-tendon units.

	[68]
(2019)
	The effect of THA patient attributes like age, BMI, and function on HCF prediction using MSK modelling was studied.
	· 132 subjects (66 M, 66 F, Impaired)
· Vicon MoCap
· 2 AMTI force plates
· AMS (TLEM 2.0)
	· Total HCF was found to have a statistically significant linear relation with BMI and functional abilities of participants.
· However, there was a statistically significant negative linear relation between the age and total HCF.
	· The interrelationship between factors (function, age, and BMI) was not investigated.
· Subject-specific geometry was not included; instead, a generic MSK model was employed.

	[69]
(2019)
	The purpose of this study was to investigate the relationship between metal ions levels and hip loading patterns in patients with metal-on-metal RHA.
	· 15 subjects (8 M, 7 F, Impaired)
· Vicon MoCap
· 3 AMTI force plates
· Siemens CT scanner
· AMS (TLEM)
	· It was noted that the AMS-predicted gait patterns agreed with previous research.
· The metal ion levels were higher in the patients with properly positioned hip cups than in the patients with mal-positioned hip cups.
	· There was a gender disparity among the subjects in the various groups.

	[70]
(2019)
	The impact of femoroacetabular impingement on muscle forces of hip joint during walking was examined.
	· 48 subjects (24 Healthy (14 M, 10 F), 24 Impaired (14 M, 10 F))
· Vicon MoCap
· Delsys EMG sensors
· 2 AMTI force plates
· Tesla MRI scanner
· OpenSim (Gait2392)
	· When compared to the group of healthy subjects, the impaired subjects showed higher sartorius and lower vasti muscular forces.
	· The lower strength of impaired participants was not considered during MSK modelling.

	[71]
(2020)
	The magnitude and pattern of hip JRFs in THA patients were studied before and 6 months after surgery.
	· 43 subjects (25 M, 18 F, Impaired)
· Vicon MoCap
· 2 AMTI force plates
· Siemens CT scanner
· OpenSim (Gait2392)
	· Hip JRFs were similar before and after surgery.
· Following surgery, the gait patterns of 11 out of 6 individuals changed from a single peak to a double peak.
	· The study focused only on comparing magnitudes and number of peaks.
· In place of subject-specific parameters, the muscle parameters were scaled linearly.

	[72]
(2020)
	Using MSK modelling in OpenSim, the KCFs of patients with THA and healthy individuals were compared.
	· 34 subjects (15 Healthy (9 M, 6 F), 19 Impaired (9 M, 10 F))
· Vicon MoCap
· 2 AMTI force plates
· OpenSim (Improved Delp Model [35])
	· The KCFs of the contralateral leg were 39% lower than those of the healthy group in the first half of the stance phase.
· However, the KCFs were significantly higher in the second half of the stance phase.
	· The impaired and healthy groups had significant BMI difference.
· The contralateral leg alignment was not optimized in MSK model.

	[73]
(2021)
	This study investigated that how changes in pelvis kinematics affect the location of the cup in patients with THA.
	· 60 subjects (29 M, 31 F, Impaired)
· SimiMotion MoCap
· Siemens CT scanner
· AMS
	· A high pelvis ROM (up to 15º) was observed in patients before THA.
· The THA surgery resulted in 4 ± 6.6º posterior tilt of the pelvis.
· The pelvis anteversion and anteflexion produced an average cup inclination decrease of -15.1º and -1.9º respectively with respect to the anterior pelvic plane.
	· The mobility of the pelvis may be impacted by spine degeneration that was not incorporated during MSK modelling.

	[74]
(2015)
	The influence of hip dysplasia on the lower body's kinematics and kinetics during gait was explored in this study.
	· 64 subjects (32 Healthy, 32 Impaired (6 M, 26 W))
· Qualisys MoCap
· AMTI force plate
· OpenSim (Gait2392)
	· In impaired people, ankle pronation and hip rotation torques increased, but hip extension decreased in comparison to the healthy group.
· HCFs were also found to be lower and directed superiorly in hip dysplasia patients.
	· Patients and control healthy groups had different walking speeds.
· The female subjects were simulated using an MSK model based on male subject.

	[75]
(2023)

	The impact of end-stage knee and hip OA on knee and hip joint reactions was investigated.
	· 38 subjects (23 M, 15 F)
· Vicon MoCap
· AMTI force plate
· OpenSim (Gait2392)
	· During walking, both hip and knee OA patients had lower loading of the affected joint.
· Patients with hip OA did not overload their contralateral leg and ipsilateral knee.
· Patients with knee OA walked with less extension of ipsilateral hip.
	· First, the sample size of patients was limited.
· Second, as every patient in this study had end-stage OA, it is not possible to generalize the findings to individuals with early-stage OA.


Knee disorders
Supplementary Table 7: Summary of articles related to application of MSK modeling in studying knee disorders.
	Ref.
(Year)
	Objective
	Subjects, Equipment, and Software (Model)
	Important Results
	Limitations

	[76]
(2010)
	Using OpenSim, the impact of different levels of knee OA severity on predicted muscle forces and joint reaction forces was explored.
	· 26 subjects (14 Healthy, 12 Impaired)
· Motion Analysis Corporation MoCap
· Bertec treadmill
· EMG sensors
· OpenSim (Gait2354)
	· Patients with moderate knee OA severity had lower peak KCF and similar patterns to healthy participants.
· Patients with high knee OA severity had similar peak KCFs but different patterns from those of healthy and moderate knee OA patients.
· The predicted and measured patterns of muscle activation were similar for both patient categories.
	· The knee was modelled as a joint with one DOF.
· Adduction moment effects on KCFs were not investigated.

	[77]
(2013)
	This study used MSK modelling to examine if knee joint geometry and kinematics influence the prediction of tibiofemoral contact forces.
	· 1 subject (M, Impaired)
· Vicon MoCap
· Delsys EMG sensors
· 3 Bertec force plates
· OpenSim (FBRM by Hamner)
	· Compared to a personalized model, the generic MSK model overestimated contact forces when cost function calibration was applied.
· The subject-specific knee model outperformed the generic MSK model in predicting medial and lateral contact forces by 47% and 7%, respectively.
	· The KCFs were computed using a basic two-point contact model, which might be enhanced by employing more complicated models such as elastic foundation or finite elemental model.
· Also, the results cannot be generalized due to the small number of subjects.

	[78]
(2016)
	The effects of PCL deficiency on KCF (tibiofemoral and patellofemoral) were examined.
	· 1 subject (M, Impaired)
· Vicon MoCap
· 8 Dlesys EMG sensors
· 2 AMTI force plates
· CT Scanner
· AMS (TLEM)
	· The KCFs increased during gait as PCL deficiency increased.
· There was a strong correlation identified between the measured and predicted muscle activation patterns.
	· Certain assumptions were made when altering the muscle wrapping and insertion locations.
· The personalized model was developed using the medical images of a single participant.

	[79]
(2016)
	The purpose of this study was to determine how slope walking affected the kinetics and kinematics of the knee joints in individuals with TKA and UKA.
	· 37 subjects (13 Healthy (6 M, 7 F), 11 TKA (7 M, 4 F), 13 UKA (7 M, 6 F))
· Vicon MoCap
· 3 Kistler force plates
· AMS
	· During decline slope walking, the first peak of knee adduction moments was reduced in TKA and UKA patients by 27% and 22%, respectively, compared to the healthy group.
· Patients with UKA and TKA did not significantly differ in their gait patterns.
	· The gender disparity between the groups may have affected the outcomes.

	[80]
(2016)
	The study's goal was to investigate the relationship between knee OA severity and predicted KCF, knee extension, and adduction moments.
	· 59 subjects (F, 20 Healthy, 16 Early OA, 23 Established OA)
· Krypton MoCap
· 1 Bertec force plate
· OpenSim (Delp Model)
	· The KCF, knee adduction, and extension moments in patients with early-stage OA did not differ statistically from those in healthy individuals.
· Conversely, in individuals with established knee OA, the mechanical loadings were significantly increased.
	· The ligaments were not included in the MSK model.
· Only female patients were investigated.

	[81]
(2017)
	The influence of knee OA and varus alignment on KCFs was assessed using MSK modelling.
	· 57 subjects (18 Healthy, 39 Impaired)
· Qualisys MoCap
· Kistler force plate
· AMS (TLEM)
	· Compared to other groups, the varus misalignment group had a statistically higher impulse of medial compressive force.
· In addition, compared to other groups, the peak medial compressive force was higher.
	· An estimate of the hip, knee, and ankle angles was made rather than a radiographic measurement.
· Only the impulse and peak values of KCFs were examined.

	[82]
(2017)
	[bookmark: _Hlk162881259]The impact of intermittent and continuous walking on knee pain and contact forces among individuals with knee OA is highlighted.
	· 27 subjects (7 M, 20 F, Impaired)
· Vicon MoCap
· Bertec treadmill
· OpenSim (ATLM)
	· Both intermittent and continuous walking showed a statistically significant increase in KCF after 30 to 45 minutes of walking.
· Continuous walking increased knee pain.
· Intermittent walking did not result in an increase in pain.
	· MSK modelling did not include ligaments.
· Gait trials were conducted on a treadmill rather than on the ground.

	[83]
(2017)
	In both healthy individuals and patients with knee OA, the impact of using two distinct knee axes — the anatomical and functional axis — on the knee abduction moment was studied.
	· 60 subjects (F, 21 Healthy, 16 Early OA, 23 Established OA)
· Krypton MoCap
· Bertec force plate
· OpenSim (Delp Model)
	· Using the transepicondylar knee axis, the first KAM peak prediction differed significantly between healthy individuals and patients.
· However, when employing a functional axis of rotation, these discrepancies were diminished.
	· It was not investigated how other joint axes definition contributed to the forces acting on the knee joint.
· The application of the functional axis of rotation was susceptible to soft tissue artefacts.
· The analysis did not account for the knee's internal-external rotation.

	[84]
(2018)
	This study examined the relationship between KCF and knee joint moments in individuals with knee OA during normal and modified gait (wide-steps and toe-in).
	· 35 subjects (13 M, 22 F, Impaired)
· Vicon MoCap
· 2 Motekforce Link force plates
· AMS (TLEM)
	· [bookmark: _Hlk163088451]It was concluded that both wide-steps and toe-in modified gait techniques could not decrease KCF as compared to normal walking. But the ratio of medial and total KCF reduced significantly.
	· The muscle characteristics and geometry were not customized for the participants.
· No adjustments were made to account for soft tissue artefacts.

	[85]
(2019)
	This study aimed to investigate the effects of ACL deficiency and ACLDM on lower body muscle activation patterns.
	· 34 subjects (12 Healthy, 12 ACL patients, 10 ACLDM patients)
· Vicon MoCap
· 2 AMTI force plates
· AMS (TLEM)
	· Patients with ACLDM were shown to have a considerably lower rectus femoris muscle force than patients with ACL rupture and healthy subjects.
· There was no statistically significant difference in the hamstring and vastus muscle forces among all groups.
· When compared to healthy subjects, patients with ACL rupture and ACLDM had reduced gastrocnemius muscle force.
	· A significant standard deviation in the age, duration since injury, and BMI of the patients with ACL rupture and ACLDM was one of the limitations.
· Additionally, the knee joint was modelled as a hinge joint.

	[86]
(2019)
	The relationship between KCFs before and after ACL surgery was explored in this study.
	· 12 subjects (7 M, 5 F, Impaired)
· Vicon MoCap
· 1.5 Tesla MRI Scanner
· MQair EMG sensors
· AMTI force plate
· OpenSim (Rajagopal)
	· Between the groups (before and after ACL reconstruction), there was no statistically significant variation in ligament and KCFs.
	· Only rotational DOF were considered while calculating the ligament and KCFs, with the three translation DOF of the subject-specific model locked.
· The reliability of results may be increased by further personalizing the MSK model.

	[87]
(2021)
	The purpose of this study was to create three deep learning models based on anthropometric and kinematic data that would predict joint reaction and muscle forces in patients with TKR.
	· 70 subjects (Impaired)
· Vicon MoCap
· 2 Bertec force plates
· OpenSim (ATLM)
	· For joint reactions and muscle forces, the range of mean correlation coefficients between OpenSim and machine learning models was 0.93-0.94 and 0.83-0.91, respectively.
· The trends of joint reactions and muscle forces predicted by deep learning models were consistent with OpenSim.
	· One of the primary limitations of the study was that the data employed for the training and assessment of deep learning models was calculated by scaling a generic MSK model.
· Furthermore, these models are limited to patients with TKR.

	[88]
(2021)
	The impact of femur modification (2º retroversion to 40º anteversion) on JRF prediction with MSK model was studied in patients with TKR.
	· 1 subject (Impaired)
· 5th Grand Challenge dataset
· OpenSim (Rajagopal)
	· Compared to the unmodified MSK model, the prediction of hip and knee JRFs varied by up to 17.9% and 43.4%, respectively, when the femur geometry was changed.
· Ankle JRFs were unaffected by the alteration in the femur geometry angle.
· The best accurate findings were obtained when the femur anteversion angle was near to the individual's measured bone angle.
	· Analyses were conducted on a single subject.
· The effect on muscular forces can also be included.

	[89]
(2022)
	This study aimed at comparing the knee JRFs of patients with ACL rupture against healthy individuals.
	· 30 subjects (15 Healthy, 15 (14 M, 1 F) ACL rupture patients)
· Qualisys MoCap
· Kistler force plate
· OpenSim (Rajagopal)
	· Significantly increased pelvic tilt and lower knee joint ROM in the sagittal plane were observed in the impaired individuals.
· Additionally, for individuals with an ACL rupture, the mid-stance phase knee extension moment was lower and the vertical knee JRF was higher at push off.
	· There was just one DOF knee joint in the MSK model used in this study.
· Another restriction is the lack of muscle activation data.

	[90]
(2022)
	Using OpenSim Moco, this study identified gait patterns that could decrease the development of knee OA.
	· 4 subjects (3 M, 1 F, Impaired)
· Vicon MoCap
· 2 AMTI force plates
· OpenSim (Gait2392)
	· A decrease in the knee adduction moment was observed when the step width was increased.
· To slow the progression of knee OA, patient-specific gait changes must be created.
	· The foot contact model's parameters were not adjusted for each patient.
· The knee adduction angle was not restricted based on the subject's bone geometry.

	[91]
(2022)
	[bookmark: _Hlk162882168]This study compared the muscle forces of healthy individuals and those who had ACL reconstruction.
	· 15 subjects (6 Healthy, 9 Impaired)
· Motion Analysis Corporation MoCap
· 7 Motion Lab Systems EMG sensors
· 5 AMTI force plates
· OpenSim (ATLM)
	· When compared to the healthy patients, it was shown that the knee muscle forces had significantly decreased following ACL reconstruction.
	· Muscle characteristics were not adjusted to account for the changes caused by ACL reconstruction.

	[92]
(2022)
	In patients after ACL reconstruction, the impact of the tibial insertion site on ligament force during walking was investigated in this study.
	· 7 subjects (F, Impaired)
· Vicon MoCap
· 2 AMTI force plates
· OpenSim (Improved Gait2392)
	· The loading of the reconstructed ACL was raised by anterior movement of the tibial insertion site and decreased by posterior movement.
· The lateral movement resulted in a decrease in reconstructed ACL loading, but medial movement increased it.
	· The variations in ACL insertion sites between the subjects and the MSK model were not taken into account.
· The subject specific length of ACL was not considered.

	[93]
(2023)
	The study examined the variations in knee muscle forces and mediolateral tibiofemoral compressive forces among TKA patients during gait.
	· 25 subjects (11 M, 14 F, Impaired)
· Vicon MoCap
· Delsys EMG sensors
· 2 AMTI force plates
· OpenSim (Gait2392)
	· There was no statistical difference between-limb for muscle or compressive forces.
	· The subject-specific tibiofemoral contact points were not considered.
· At the replaced limb, the secondary kinematic translation was disregarded.


Foot disorders
Supplementary Table 8: Summary of articles related to application of MSK modeling in studying foot disorders.
	Ref.
(Year)
	Objective
	Subjects, Equipment, and Software (Model)
	Important Results
	Limitations

	[94]
(2016)
	This study examined the effect of ankle muscle forces on stress distribution in arthrodesis and healthy subjects using finite element analysis and MSK modelling.
	· 10 subjects (5 Healthy (3 M, 2 F), 5 Impaired (3 M, 2 F)
· Vicon MoCap
· 4 EMG sensors
· Kistler force plate
· AMS
	· There was a strong correlation between the muscle activity detected by EMG sensors and predicted by the MSK model.
· In patients with arthrodesis, there was less stress on the medial malleolus when there was an increase in the gastrocnemius-soleus muscle force compared to healthy subjects.
	· All subjects were investigated using the same finite elemental foot model.
· The foot was considered as a single element in the MSK model.
· Phalanges were disregarded in the finite element analysis process.

	[95]
(2018)
	This study intended to compare the pelvis kinematic pattern among individuals with feet hyperpronation and those with normally aligned feet.
	· 30 subjects (F, 15 Healthy, 15 Impaired)
· Qualisys MoCap
· Kistler force plate
· OpenSim (Gait2392)
	· It was discovered that in 20 to 80% of the gait stance phase, the subjects with hyperpronation feet exhibited a larger anterior pelvis tilt than the subjects with normally aligned feet.
	· Only female and young subjects were considered for the analysis.

	[96]
(2019)
	This study examined how the forces of other muscle groups were affected by a weak ankle dorsiflexion muscle.
	· 20 subjects (10 Healthy, 10 Impaired)
· Vicon MoCap
· 2 Kistler force plates
· OpenSim (Gait2392)
	· It was observed that the increase muscle forces of flexor hallucis, tibialis posterior, and digitorum on the ankle joint, as well as the semimembranosus and semitendinosus in the surrounding joints compensated for the weakness of the ankle dorsiflexion muscle.
	· The simulation was carried out using a generic MSK model, which was the limitation of this study.

	[97]
(2019)
	The impact of rocker shoes on plantar aponeurosis strain in patients with plantar fasciitis and a healthy control group was investigated during gait.
	· 16 subjects (8 Healthy (F), 8 Impaired (1 M, 7 F))
· Vicon MoCap
· Motekforce Link Treadmill
· OpenSim (Custom Model)
	· The use of rocker shoes did not result in statistically significant reduction in plantar aponeurosis strain.
	· Most of the subjects were female.
· The rocker shoes were modified to enable marker placement, which altered the outcomes.

	[98]
(2019)
	The purpose of this study was to compare the lumbopelvic muscle forces of people with feet hyperpronation to those with normally aligned feet.
	· 30 subjects (F, 15 Healthy, 15 Impaired)
· Qualisys MoCap
· Kistler force plate
· OpenSim (Gait2392)
	· Statistically significant higher peak abdominal, erector spine, and iliopsoas muscle forces were observed in the foot hyperpronation group when compared to the control group.
· Furthermore, no statistically significant difference in the activation of the gluteus maximus muscle was noticed.
	· The MSK model considered the spine as a rigid single element, and muscle forces were not optimized for the people being studied.

	[99]
(2021)
	In patients with chronic ankle instability, the effects of vibration-based treatment on the ankle JRFs and vertical GRFs during gait were studied.
	· 10 subjects (Impaired)
· Dashr Motion Capture System
· Bertec treadmill
· OpenSim (Gait2392)
	· Ankle JRFs and vertical GRFs were statistically significantly reduced after vibration-based treatment.
	· There was no comparison of the experimental and predicted muscle activation.
· MSK modelling did not account for muscular co-contraction.

	[100]
(2023)
	[bookmark: _Hlk162885344]The aim of this study was to examine the ankle JRFs of healthy control subjects and patients with chronic ankle instability.
	· 20 subjects (10 Healthy (5 M, 5 F), 10 Impaired (3 M, 7 F))
· Qualisys MoCap
· 3 Delsys EMG sensors
· Bertec treadmill
· OpenSim (Rajagopal)
	· The anteroposterior and mediolateral shear forces (initial peak and impulse) were statistically significantly higher in the patients with chronic ankle instability while compressive forces were lower.
	· The majority of the patients were female.
· For the analysis, a generic MSK model was used.


Miscellaneous disorders
Supplementary Table 9: Summary of articles related to application of MSK modeling in studying miscellaneous disorders.
	Ref.
(Year)
	Objective
	Subjects, Disease, Equipment, and Software (Model)
	Important Results
	Limitations

	[101]
(2017)
	This study assessed the relationship between kinetics of trunk and abduction moments of hip in children with cerebral palsy and healthy control group.
	· 38 subjects (20 Healthy, 18 Impaired)
· Cerebral Palsy
· Vicon MoCap
· 3 Kistler force plates
OpenSim (Gait2392)
	· The lumbar ROM in the cerebral palsy group was 32º, double than that of the healthy control group (16º).
· Furthermore, lumbar joint moments, power, and work performed were two, seven, and twenty times higher in the cerebral palsy group than in the healthy group respectively.
	The kinetic effects resulting from arm movement were not considered during MSK modelling.

	[102]
(2013)
	The effect of obesity on tibiofemoral joint forces during fast-level and slow-uphill walking was investigated.
	· 19 subjects (10 Healthy (5 M, 5 F), 9 Impaired (1 M, 8 F))
· Obesity
· Vicon MoCap
· 6 Noraxon EMG sensors
· Bertec treadmill
· OpenSim (Delp Model)
	· [bookmark: _Hlk163151992]During both fast-level and slow-uphill walking, obese subjects exhibited higher compressive tibiofemoral forces in comparison to non-obese subjects.
	· The majority of the obese subjects were female.
· The results cannot be generalized due to the limited sample size.

	[103]
(2016)
	The purpose of this study was to investigate age-related variations in muscle forces during walking.
	· 40 subjects (20 Healthy (10 M, 10 F), 20 Impaired (10 M, 10 F))
· Aged
· Vicon MoCap
· 8 AMTI force plates
· OpenSim (Gait2392)
	· [bookmark: _Hlk163152188]It was found that the muscle coordination surrounding the ankle altered with aging.
· In the late stance phase, the lower limb muscles showed co-contraction.
	· A generic MSK model was employed for both young and aged subjects.

	[104]
(2017)
	In this study, MSK modelling was used to calculate muscular forces in diabetic individuals with and without polyneuropathy.
	· 30 subjects (10 Healthy (5 M, 5 F), 20 Impaired (14 M, 6 F))
· Diabetes and polyneuropathy
· OptiTrack FLEX MoCap
· AMTI force plate
· OpenSim (Gait2392)
	· Compared to healthy individuals, diabetic patients without polyneuropathy exhibited a decreased peak soleus muscle force during middle and late stance.
· When compared to diabetic patients without polyneuropathy, the patients with polyneuropathy had a decreased gastrocnemius medialis muscle force.
	· During modelling, the MSK properties of the patients with diabetes were not considered due to lack of data.

	[105]
(2017)
	The impact of diabetes peripheral neuropathy on muscle force estimation of lower body was examined using MSK modelling.
	· 20 subjects (10 Healthy, 10 Impaired)
· Diabetes peripheral neuropathy
· BTS Bioengineering MoCap
· BTS pocket EMG sensors
· 2 Bertec force plates
· OpenSim (Gait2392)
	· Compared to the healthy control group, the muscle forces, joint kinematics, and JRFs of patients with diabetes peripheral neuropathy were statistically significantly different.
· Patients had weaker ankle muscle forces than healthy ones.
	· The muscle parameters of the generic MSK model were not altered according to the subject under study.

	[106]
(2020)
	During walking, the effect of subject specific MSK modelling on the estimation of metabolic cost in stroke patients was investigated.
	· 2 subjects (M, Impaired)
· Stroke
· MoCap
· Treadmill
· OpenSim (Rajagopal)
	· The personalized MSK model computed metabolic cost with accuracy and close to the experimental data published in literature.
	· There was no parameter tuning done for the metabolic cost estimating model due to which inaccurate results were obtained.

	[107]
(2021)
	This study demonstrated a precise method to predict force variations and muscle activation during gait in Parkinson's disease patients using an EMG-informed MSK model.
	· 23 subjects (13 Healthy (7 M, 6 F), 10 Impaired (6 M, 4 F))
· Parkinson’s disease
· BTS Bioengineering MoCap
· BTS EMG sensors
· 2 Bertec force plates
· OpenSim (Gait2392 and CEINMS plug in)
	· For both the healthy and impaired subject groups, the presented model correctly predicted the changes in force and muscle activation.
· In addition, the group of impaired subjects produced less force magnitude than the group of healthy subjects.
	· This study did not include the muscles involved in hip joint motion.

	[108]
(2022)
	The objective of this study was to examine the effects of normal, negative, and positive heel shoes on GRFs, spatiotemporal characteristics, and stability in pregnant women.
	· 16 subjects (F, Impaired)
· Pregnancy (3rd trimester)
· Vicon MoCap
· AMTI force plate
· OpenSim (Gait2392)
	· [bookmark: _Hlk163163615]The centre of pressure in negative heel shoes was statistically significantly decreased, and the step length and walking velocity increased with the increase in heel-toe drop.
· In comparison to normal shoes, the vertical GRF of negative and positive heel shoes was significantly greater and lower, respectively.
	· EMG data was not included, and the sample size was limited.

	[109]
(2022)
	The aim of this study was to determine the effect of peripheral arterial disease on lower body power and muscular forces during walking.
	· 22 subjects (10 Healthy, 12 Impaired)
· Peripheral artery disease
· Motion Analysis Corporation MoCap
· AMTI force plate
· OpenSim (Rajagopal)
	· The velocity of the peripheral artery disease patients was lower than that of the healthy control group.
· The knee extensors, plantar flexors, and hip flexors of the impaired group of subjects exhibited statistically significant decreased power and force.
	· The MSK model did not consider the subject-specific muscle characteristics.
· Experimental EMG data was not used to validate the muscle activation patterns.

	[110]
(2022)
	Using MSK modelling, the effects of minimally invasive surgery on spatiotemporal characteristics and gait kinetics among individuals with lumbar disc herniation were investigated.
	· 82 subjects (15 Healthy (8 M, 7 F), 67 Impaired (25 M, 42 F))
· Lumbar disc herniation
· Qualisys MoCap
· 2 Bertec force plates
· OpenSim (Custom model with 27 DOF and 92 muscle-tendon units)
	· Peak rectus femoris, tensor fasciae latae, and biceps femoris long-head muscular forces were shown to be reduced on the affected side.
· Following the surgery, the gait cycle time and stride length also decreased.
	· Only lower body muscles were examined, and experimental EMG data was not used to validate the muscle activation patterns.
· It was not possible to generalize the findings to patients with lumbar disc herniations receiving conventional surgery.

	[111]
(2022)
	This study investigated the relationship between Osgood-Schlatter disease and hamstring flexibility by varying the hamstring's length in OpenSim and observing forces on the tibial tuberosity.
	· 1 subject (M)
· Vicon MoCap
· Bertec treadmill
· OpenSim (Rajagopal)
	· The peak quadricep muscle force was not significantly affected by the change in hamstring length. In contrast, there was a considerable change in the peak hamstring muscle forces as the hamstring length changed.
· On the other hand, the cumulative forces in the quadriceps and hamstring muscles were significantly impacted by the change in hamstring length.
	· Osgood-Schlatter disease was studied using normal gait patterns.
· The association between hamstring flexibility and Osgood-Schlatter disease was examined in a single patient.


Orthosis and Surgical Procedures
Supplementary Table 10: Summary of articles related to application of MSK modeling in studying efficiency of orthosis and surgical procedures.
	Ref.
(Year)
	Objective
	Subjects, Disease, Equipment, and Software (Model)
	Important Results
	Limitations

	[112]
(2020)
	The purpose of this study was to use MSK modelling to examine how functional resistance training affected the lower muscles and JRFs of the lower limb during walking.
	· 1 subject
· OpenSim (Gait2354)
	· It was found that ankle weight enhanced the knee flexion and hip extension moments by 174% and 477%, respectively.
· During the swing phase of the gait, the activation of the quadriceps muscles increased while the activation of the hamstring muscles decreased.
	· The results of this study could not be generalized due to limited number of subjects.

	[113]
(2021)
	The effect of induced perturbation on the muscle forces of the knee was studied.
	· 38 subjects (19 M, 19 F)
· Qualisys MoCap
· 2 Bertec force plates
· OpenSim (Gait2392)
	· The normal knee exhibited higher forces in the knee flexor muscles in comparison to the braced knee.
· In contrast, braced knee extensor muscle forces were greater than those of the normal knee.
	· Only the knee muscles were examined in this investigation.

	[114]
(2022)
	The gait metrics with poor posture versus normal posture and spinal orthosis were evaluated in this study.
	· 12 subjects (6 M, 6 F)
· Vicon MoCap
· 2 AMTI force plates
· OpenSim (Gait2392)
	· Maximum lumbar flexion and extension moments as well as back compressive forces were considerably higher in poor posture when compared to normal posture.
· The maximum compressive forces and moments at the hip, knee, and ankle joints did not differ statistically significantly between spinal orthosis, normal posture, and poor posture.
	· During the experiment, healthy subjects were made to walk with spinal orthoses and poor posture.

	[115]
(2023)
	The purpose of this study was to examine the influence of mass distribution of powered ankle foot orthoses on lower body muscle forces and joint moments using MSK simulations.
	· 10 subjects (6 M, 4 F)
· Vicon MoCap
· Bertec treadmill
· OpenSim (Gait 2392)
	· It was demonstrated that while the extra mass of the orthoses did not alter the ankle joint moment, it did significantly alter the hip and knee joint moments from 60% to 100% of the gait cycle.
· Furthermore, seven out of the thirty-one muscles—the semimembranosus, gluteus maximus, semitendinosus, medial and lateral gastrocnemius, adductor magnus, and biceps femoris short head—had a substantial change in force due to the mass of the orthoses.
	· The reliability of the results could have been raised by comparing the simulated results with the measured muscle activity.

	[116]
(2016)
	Three groups of patients representing three different hip arthroplasty surgery procedures i.e., RHA posterolateral, RHA direct lateral, and THA direct anterior, were compared for variations in HCFs during walking.
	· 52 subjects (18 Healthy (9 M, 9 F), 14 RHA posterolateral (12 M, 2 F), 8 RHA direct lateral (6 M, 2 F), 12 THA direct anterior (6 M, 6 F))
· Vicon MoCap
· 2 AMTI force plates
· OpenSim (Delp Model)
	· Regardless of the surgical treatment, the impaired patients had lower HCFs during walking compared to the healthy subjects.
· The gait patterns and magnitudes of the THA direct anterior, RHA posterolateral, and RHA direct lateral groups were similar and there was no statistically significant difference between them.
	· Both healthy and impaired subjects were assumed to have similar maximal isometric muscle forces.
· During MSK modelling, it was also assumed that HJC remained unchanged in impaired subjects following surgery.
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