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Control Panel
The Control Panel appears on the right side of your screen.

Submit questions and comments via the Questions panel.

Questions will be addressed at the end of the presentation. If your 
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Musculoskeletal simulations
INPUT • Motion data

Joint reaction forces

Motion

Forces

Muscle forces

Muscle activity

Metabolic energy

OUTPUT • Internal Body Loads
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Applications

Motion 
analysis
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with/without 
exoskeletons

Automotive

Sports

Product design 
and optimization

Orthopedics 
and 
Rehabilitation
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Inverse dynamics
Muscle recruitment

Body 
model

Environment 
model
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Simulation
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Post Processing 
(e.g. Finite Element tools)

Design Optimization
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IZTECH Biomechanics and Motion Capture Laboratory 

Website: https://biomechlab.iyte.edu.tr/en/homepage/

Contact mail: senaymihcin@iyte.edu.tr

Name Label Number

Motion capture system with 
optical markers Qualisys, Göteborg, Sweden 1

Miqus 3 Cameras Qualisys, Göteborg, Sweden 9

Qualisys Track Manager Qualisys, Göteborg, Sweden 1

14 mm reflective markes Qualisys, Göteborg, Sweden 100

Force platform Bertec, Ohio, USA 1

Electromyography sensor set 
(EMG) Delsys, Massachusetts, USA 1

Wearable motion capture system Rococo, Copenhagen, Denmark 1

Hip simulator IZTECH Biomechanics and Motion 
Capture Laboratory, Izmir,Turkey 1

3D medical PEEK printer Xi'an Jiaotong University, Shaanxi, China 1

Anybody Modeling System AnyBody Technology, Aalborg, Denmark 2

WorkStation (Intel Xeon W-2245) 4 4

https://biomechlab.iyte.edu.tr/en/homepage/
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Aims and Scope
Medical Engineering & Physics provides a forum for the publication of 
the latest developments in biomedical engineering,  and reflects the 

essential multidisciplinary nature of the subject. 
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HIGHLIGHTS

• This study makes use of experimental results in which 14 participants are recruited to perform walking, stair ascending 

(AS) and descending activities (DS) to extract kinematic and kinetic data for each cycle by using marker based Qualisys 

motion capture (MOCAP) system.

• Multibody simulations are performed in the Anybody Modeling System using the Calibrated Anatomical System Technique 

(CAST) full body marker set.

• The 3D generic musculoskeletal model used in this study is a marker-based full-body motion capture model (AMMR,2.3.1 

MoCapModel) consisting of the upper extremity and the Twente Lower Extremity Model (TLEM2).

• For dynamic wear modelling, Ls-Dyna modelling software is utilized to predict the linear wear rates of CoCr-on-XLPE 

bearing couple under stair ascending and descending activities based on the walk-to-stair ratio (15.9:1) over 5 million 

cycles.

• The volumetric wear rates of XLPE liner under AS, DS, and walking activities over 5-Mc are predicted as 27.43, 23.22, and 

18.84 respectively.

• The volumetric wear rate of XLPE is predicted as 22.02 which is equivalent to 19.41% of walking, which is concluded to be 

included in life span estimations of implants for realistic outcomes.
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OUTLINE

• Introduction

• Methodology

• Participants

• Construction of the Experiment

• Data Acquisition

• Musculoseletal Modelling

• Finite Element Method

• Results

• Conclusion
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IZTECH Biomechanics and Motion Capture Laboratory 

Laboratory Environment

Lab Facilities
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Capture rate:100 
fps

Exposure & Flash 
Time[ms]:70

Marker 
Threshold[%]:20

Standard 
Deviation: Under 

1mm

14 mm

Capture rate:100 Hertz
Dimensions: 
400x600mm

Channel Number: 6

d: 5 meter
w: 1 meter
h: 2 meter

Qualysis Miqus Camera

Bertec Force Plate

Marker

Working volume

Construction of the Experiment

w: 61.8 cm
l: 119.2 cm
h: 16.4 cm
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Data Acquisition
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Data Acquisition (Participation and Measurement)
Participation Conditions

- not having any physical illness, injuries, 
disability and  deformity (Flatfoot, 
kyphosis, etc.)

- Being over age of 18

- the body mass index must be below 30 
BMI.

Participants

Participants Number 14(7F/7M)

Age 30±7

Weight(kg)(Average ±SD) 64±12

Height(cm)(Average
±SD) 

170±11

Anthropometric Measurements

Pelvis Medial Malleolus
Pelvis Width

Shank Length
Thigh Length
Foot Length 

Metatarsal Width 
Ankle Width 
Knee Width 

Trunk Height 
Shoulder Width 

Elbow Width 
Hand Width 
Wrist Width 

Wrist Thickness 
Upper Arm Length 
Lower Arm Length 

Arm length 
Hand Length 
Head Length
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Data Acquisition (Marker Set)

Marker Set

Cast Full 
Body Marker 

Set

Number of 
Marker for 

Static Pose
55

Number of 
Marker for
Dynamic

Pose
47

Cast Full Body Marker Set
Participant
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Data Acquisition Flow Chart
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Activities

Stair
Ascending

Stair
Descending

Gait
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Multibody Musculoskeletal Model Simulations
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Work Flow the Multibody Simulations in AnyBody

Generic Model Parameter 
Idendification

Inverse 
Kinematics

Inverse 
Dynamiscs

Joint Forces
Joint Moments

Static 
Trial Anthropometrics Initial 

Pose
Dynamic 

Trial
Initial 
Pose Force Plate Data

Subject-Specific 
Model Joint Angles
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Full-Body MoCapModel Configurable Variables
• Model

• Twente Lower Extremity Model (TLEM2) 

• Scaling
• Scale taking mass and fat into account; scale segments along X, 

Y, Z axes; input is scale factors along X, Y, Z axes.

• Marker Protocol
• CAST Full Body Marker Set (Static&Dynamic)

• Force Plate Type
• BERTEC force platform Type 4

• Muscle Recruitment Optimization algorithms
• Third order, polynomial muscle recruitment criterion

• Anthropometrics
• Set anthropometrics for each subject (mass, height,etc.)

• Inital Position of Segments
• This sets load time limbs positions (Static&Dynamic)

Main.Studies.InverseDynamicStudy

Main.ModelSetup.TrialSpecificData

Main.ModelSetup.SubjectSpecificData



May 14, 2024 IZTECH Biomechanics and Motion Capture Systems 
Laboratory 26

Static and Dynamic Simulations
Static

Gait

Stair 
Descending

Stair
Ascending
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Validation

Activity Calculated (%BW) Peak Hip Contact 
Force

Measured(%BW) Peak Hip Contact Force (%)

Gait 221 238 %8 lower

Stair Ascending 272 251 %8 greater

Stair Descending 268 260 %3 greater
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Results

Activity ABD(°)Min/Max FE(°)Min/Max IE(°)Min/Max AP(%BW)Min/Max ML(%BW)Min/Max PD(%BW)Min/Max

Gait -6/3 -3/33 -14/2 -2/25 -48/-6 10/221

Stair Ascending -5/4 -6/63 -13/-1 -8/24 -75/-6 10/272

Stair Descending -6/2 -11/38 -16/-1 -5/18 -51/-8 17/268



Finite Element 

Modelling for 

Wear Analysis



Literature Data

The hypothesis

The daily frequency of stair ascending/descending per day is calculated as 

✓ 172 cycles which is equivalent  to 62780 cycles for stair ascending/descending

✓ 3040 steps per day which is equivalent to 1 Mc per year

✓ Predicted the walk-to-stair ratio of 15.9:1

Wear Prediction Model

✓ We investigate the wear performance and longevity of hip implants adding 

stair ascending and stair descending wear rates on walking cycles according 

to the walk-to-stair ratio provided to converge our results with literature data

The hypothesis

✓ The lifespan of hip implant under walking cycles in FEM could be 

predicted as 25.7 years 11

✓ J.T. Evans et al studied at the lifespan of 228888 hip implants in 16 

different countries 63. The average lifespan of hip implants last 20 years 63



ReportValidatio
n

• Hip
simulator

• Clinical
Retrieval

• Fem Results

Results 
Proces.

• Wear rate
• Sliding D.
• Contact P.
• Contact A.

Solver

•  Ls-Dyna
• Shared 

parallel 
memory 
(SMP)

• Double 
Precision

Sens. 
Analys.

• Mesh Size
• Scaling

Factor

Mat. 
Prop.

• Mat-001
• Cof
• Archard W.

Cont. 
Types

• Tied
• Surface to

Surface

B.C and
L.C

• Constrain
• Load
• Motion

Mesh

• Type
• Order
• Section

Ti
ed

 
C

on
ta

ct
Su

rfa
ce

 to
 

Su
rfa

ce
 

C
on

ta
ct

Pre-analysis Analysis Post-analysis 

Model Quality

May 14, 2024 IZTECH Biomechanics and Motion Capture Systems 
Laboratory 31



May 14, 2024 IZTECH Biomechanics and Motion Capture Systems Laboratory 32

✓ An explicit FE analysis tool (Ls-

Dyna R.12.0) over 5 million cycles.

✓ The liner inserted at 450 on the FE 

axis.

✓ The shell is fixed, while the femoral 

head is free.

✓ The loading is applied, while the 

rotations are defined.

Material and Methods

Figure 1 The loading and rotation data for (a) gait, (b) SA, (c) SD, d) applied loading 

and boundary conditions in FEM, (e) loading and rotation in anatomical axes, and (f) 

initial and final position in FEM, and (g) initial and middle position of each activity.
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✓ Mesh convergence test is a vital 

process.

✓ Variations in the outputs are 

less than 1%, the optimum 

mesh size is determined.

✓ Seven CoCr-on-XLPE prototypes 

were modelled.

✓ The optimum mesh will be 

selected as 1mm

El. Size
(mm)

Run 
(min)

C. P.
(MPa)

C.P
(%)

W. D.
(𝟏𝟎−𝟖mm)

W.D.
(%)

S.D.
(mm)

S.D.
(%)

Liner
Element

2.00 144 9.05 1.90 4.43 6.54 25.20 1.95 7200
1.80 164 9.22 2.05 4.74 3.46 25.70 3.09 8160
1.60 293 9.41 1.31 4.91 0.81 26.52 1.34 9120
1.40 324 9.54 4.27 4.95 0.80 26.88 0.07 10560
1.20 424 9.96 0.04 4.99 3.48 26.90 0.74 12480
1.00 627 9.97 0.03 5.17 0.19 27.10 0.57 14880
0.80 973 9.97 - 5.18 - 27.25 - 18720

Figure 2 a) Mesh sensitivity analysis of CoCr-on-XLPE bearing couple and b) Peak contact pressure 

and wear sliding distance results of the prototypes with 1- and 1.6-mm element size

Table 2 Effect of element size on contact pressure, sliding distance and wear depth

Mesh Sensivity Analysis
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Figure 3(a) The effect of scaling factor on wear depth and contacting area, and (b) 

wear depth at the end of the 1 million cycles

✓ The scaling factor (β) has a major 

impact.

✓ Ranged from 0.1 to 1 million cycles 

✓ The run time of the model with 0.25 

million cycles is approximately 2.5 times 

higher than the model with 0.1 million 

cycles. 

✓ The optimum scaling factor is selected 

as 0.25 million cycles (Figure 3a). 

Scaling Factor Sensivitiy Analysis
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Results and Conclusion
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Figure 4 The contact pressure distribution over percentage of (a) gait, (b) SD, and (c) SA 
activities cycles at the end of the 250.000 cycles

The peak contact 

pressure values have 

obtained 

• 6.33 MPa for gait at 0.21 s.

• 7.58 MPa for SD at 0.78 s.

• 8.33 MPa for SA at 0.23 s.

Contact Pressure
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 1 

Figure 1 The linear wear depths of the femoral head and bearing liner under (a) gait, (b) SA, 2 

and (c) SD loading cycles at each specific cycle. 3 

Figure 5 shows the cumulative linear wear depth 

✓ 0.14399 mm for gait (Figure 4a), 

✓ 0.19599 mm for stair ascending (Figure 4b)

✓ 0.17936 mm for stair descending (Figure 4c) 

Linear Wear Depth
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Figure 6 (a) Total linear wear depth and (b) total volumetric wear of XLPE bearing 

linear under gait, stair ascending and stair descending boundary conditions over 

five million cycles.

Mean volumetric wear rate (𝒎𝒎𝟑/𝑴𝒄)

Part
SA SD Gait Gait (adding SA and 

SD)

XLPE liner 27.429 23.220 18.839 22.020

CoCr head 0.337 0.307 0.336 0.376

The percentage increases in mean 

volumetric wear rates of XLPE liner and 

CoCr head for gait (by adding SA and 

SD) activity compared to normal 

walking are predicted at 

• 6.88% for XLPE liner

• 12.02% for CoCr head

Linear Wear Depth And Volumetric Wear Loss
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✓ The volumetric wear rates of XLPE under walking increased by 16.9 % by including the effects of stair 

ascending/ descending activities.

✓  The linear wear rates of XLPE for walking increased up to 3.27% by adding stair ascending/descending 

activities. 

✓ The lifespan of hip implant under walking cycles could be predicted as 25.7 years11 in FEM and 20 years in

clinical retrivial 63.

✓ In the current study, it could be predicted as 26.9 years for walking compared to 23 years with walking adding 

stair ascending and descending activities.

✓ While estimating the lifetime of the implants, the researchers should consider the cumulative effect of each 

daily life activity rather than focusing on only gait cycles for more accurate prediction of lifespan of hip implant.

Conclusion
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