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|ZTECH Biomechanics and Motion Capture Laboratory

* 'Home Team v Database Transportation Participate in our research Name Label Number
Motion capture system with Qualisys, Goteborg, Sweden 1
optical markers

Miqus 3 Cameras Qualisys, Goteborg, Sweden 9
Qualisys Track Manager Qualisys, Goteborg, Sweden 1

14 mm reflective markes Qualisys, Goteborg, Sweden 100
Force platform Bertec, Ohio, USA 1
SRR 7 SEEer et Delsys, Massachusetts, USA 1

(EMG)

About Biomechanics and Motion Capture Laboratory

Biomechanics and Motion Capture Systems Laboratory was established in October 2020 within the scope of the TUBITAK BIDEB 2232 project within the Wearable motion ca ptu re System ROCOCO, Copenhagen, Denmark 1

Mechanical Engineering Department of the Izmir Institute of Technology. The primary purpose of the Biomechanics and Motion Capture Systems Laboratory is

to create a comprehensive population data and to conduct research in line with these data

In the 60 m2 laboratory, 1 motion capture system with optical markers (Qualisys, Goteborg, Sweden), 1 force platform (Bertec, Ohio, USA), 1 electromyography Hi . lat IZTECH Biomechanics and Motion 1
sensor set (EMG) (Delsys, Massachusetts, USA) and 1 wearable motion capture system (Rococo, Copenhagen, Denmark) |p simutator .
Capture Laboratory, Izmir,Turkey

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

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

Contact mail: senaymihcin@iyte.edu.tr
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Investigation of stair ascending and descending activities on the lifespan of &
hip implants

Alican Tuncay Alpkaya, Mehmet Yilmaz, Ahmet Mert Sahin, Dr. Senay Mihcin

Mechanical Engineering Deparmment, Izmir Institute of Technology, Turkey

ARTICLE INFO ABSTRACT
Keywords: Total hip arthroplasty (THA) surgeries among young patients are on the increase, so it is crucial to predict the
Dynamic wear predict model lifespan of hip implants correctly and produce solutions to improve longevity. Current implants are designed and

Finite element model
Stair ascending and descending
Total hip replacement

tested against walking conditions to predict the wear rates. However, it would be reasonable to include the
additional effects of other daily life activities on wear rates to predict convergent results to clinical outputs. In
this study, 14 participants are recruited to perform stair ascending (AS), descending (DS), and walking activities
to obtain kinematic and kinetic data for each cycle using marker based Qualisys motion capture (MOCAP)
system. AnyBody Modeling System using the Calibrated Anatomical System Technique (CAST) full body marker
set are performed Multibody simulations. 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). The dynamic wear prediction model detailing the intermittent and
overall wear rates for CoCr-on-XLPE bearing couple is developed to investigate the wear mechanism under 3D
loading for AS, DS, and walking activities over 5 million cycles (Mc) by using finite element modelling technique.
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 mm®/Mc respectively. Additionally, the wear rate was predicted by combining stair activities
and gait cycles based on the walk-to-stair ratio. By adding the effect of stair activities, the volumetric wear rate of
XLPE is predicted as 22.02 mm>/Mc which is equivalent to 19.41% of walking. In conclusion, in this study, the
effect of including other daily life activities is demonstrated and evidence is provided by matching them to the
clinical data as opposed to simulator test results of implants under ISO 14242 boundary conditions.

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.

May 14, 2024
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MEDICAL ENGINEERING & PHYSICS
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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.

IZTECH Biomechanics and Motion Capture Systems
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OUTLINE

* |ntroduction
* Methodology
* Participants

* Construction of the Experiment

Data Acquisition

Musculoseletal Modelling
* Finite Element Method
e Results

e Conclusion
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Measurement

User

Name

Motion capture system with
optical markers

Lab Facilities

Label

Qualisys, Goteborg, Sweden

Migus 3 Cameras Qualisys, Goteborg, Sweden 9
Qualisys Track Manager Qualisys, Goteborg, Sweden 1
14 mm reflective markes Qualisys, Goteborg, Sweden 100

Force platform

Bertec, Ohio, USA

Electromyography sensor set
(EMG)

Delsys, Massachusetts, USA

IZTECH Biomechanics and Motion Capture Systems

Laboratory
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Construction of the Experiment

w:61.8cm
Capture rate:100 /_‘ 14 mm 1:119.2 cm
fps . h: 16.4 cm

Exposure & Flash

Time[us]:70 Marker
Marker
Threshold[%]:20
Standard

Deviation: Under d: 5 meter
Qualysis Miqus Camera Tmm w: 1 meter

h: 2 meter

Capture rate: 100 Hertz
Dimensions:
400x600mm

Channel Number: 6

Bertec Force Plate

ST e ereT e e ] [Vt oy (6 s Norking volume
May 14, 2024 iomechanics and Motion Capture Systems

Laboratory
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Data Acquisition (Participation and Measurement)

Anthropometric Measurements

Participation Conditions

. S L Pelvis Medial Malleolus
- not having any physical illness, injuries, Pelvis Width

disability and deformity (Flatfoot,

kyphosis, etc.) STE?;hktee:gitr:]
- Being over age of 18 Foot Length
- the body mass index must be below 30 Metatarsal Width
BMI. Ankle Width
Knee Width
Participants Trunk Height
Shoulder Width
Participants Number 14(7F/7M) Elbow Width
Age 30+7 Hand Width
Weight(kg)(Average +SD) 64=12 er;?thﬁfrfgss
Height(cm)(Average 170+11 Upper Arm Length
+SD) Lower Arm Length

Arm length
Hand Length
Head Length

IZTECH Biomechanics and Motion Capture Systems

1
Laboratory J
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Data Acquisition (Marker Set)

SGL

@
R_HEAD® @ ® L_HEAD
W
RSAE® Y. O saE
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L_TH2
_TH1
L_TH3
L_THa
3 L_FLE
R_SK1 L_SK2
R_SKi _Sk1
R_SK4 LSK3
R_ SK3! L_Sk4
R_TAM

RFALOLS | v LFAL
- e

Cast Full Body Marker Set
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Cast Full
Marker Set Body Marker
Set
Number of
Marker for 55
Static Pose
Number of
Marker for
Dynamic 47
Pose

IZTECH Biomechanics and Motion Capture Systems
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Data Acquisition Flow Chart

Cancel procedure ]

Check subject

[Call for participation ]—) Send P.I.S form tor
criteria

Sign P.C.F

<Preparesubject> < Calibrate >

Obtain :
. Check quality
anthropometric (S.D <1 mm)
measurements
Collect data
A
Perform activity = <€——
A
: Place markers m : number of subjects
Introdu_c_e Remove static Record static pose by P.IS: Participqnt Information Sheet
new activity markers qualified P.C.F : Participant Content Form
physiotherapist
May 14, 2024 IZTECH Biomechanics and Motion Capture Systems 21
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Activities

Stair Stair
Ascending Descending
May 14, 2024 IZTECH Biomechanics and Motion Capture Systems 99
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Multibody Musculoskeletal Model Simulations

IZTECH Biomechanics and Motion Capture Systems

May 14, 2024
ay Laboratory
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Work Flow the Multibody Simulations in AnyBody

tatic . Initial Dynamic Initial
[ Trial [Anthropometrlc%[ Pose ]} [[ Trial ][ Pose ]} [Force Plate Data}

4 ) 4 ) 4 ) 4 )
. Parameter Inverse Inverse Joint Forces
Generic Model N . ) .
Idendification Kinematics Dynamiscs Joint Moments
\_ J \_ J \_ J \_ J
Subject-Specific
[ ool ] | { Joint Angles }

IZTECH Biomechanics and Motion Capture Systems

May 14,2024 Laboratory
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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 alongX;,
Y, Z axes; inputis scale factors along X, Y, Z axes.

Marker Protocol
e 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)

IZTECH Biomechanics and Motion Capture Systems

May 14, 2024
ay 14, 20 Laboratory
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Main.Studies.InverseDynamicStudy

Main.ModelSetup.SubjectSpecificDe
Main.ModelSetup.TrialSpecificData
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Static and Dynamic Simulations

. ® Gait
Static
Stair Stair
Descending Ascending
B
May 14, 2024 IZTECH Biomechanics and Motion Capture Systems

Laboratory
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Validation

Gait Stair Ascending Stair Descending

350 T T T 350 T T T 350 T T T T

200 = = = AnteroPosterior = = = MedioLateral = = = ProximoDistal = = = AnteroPosterior = = = MedioLateral = = = ProximoDistal 200 = = =AnteroPosterior = = = MadioLateral = = = ProximoDistal
2 ] 3 2 250 s ]
A 250 A & 250 R
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€ s . o= g S s0- =2 1
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100 1 100 F i

150 . . . . 150 . . . . 150 . . . .

0 20 40 60 80 100 0 20 40 60 80 100 20 40 60 80 100
Cycle (%) Cycle (%) Cycle (%)
Gait Stair Ascending Stair Descending
350 ; T T T 350 ; T T T 350 T T T T
300 A nteroPosterior === Mediol.ateral === ProximoDistal 300 A nteroPosterior === MedioL.ateral === pProximoDistal A nteroPosterior === NMediol.ateral === pProyimoDistal

Joint Reaction Force (%BW)

Joint Reaction Force (%BW)
Joint Reaction Force (% BW)

Activity

Gait
Stair Ascending

Stair Descending

Calculated (%BW) Peak Hip Contact
Force

Measured(%BW) Peak Hip Contact Force

221
272
268

238
251
260
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%38 lower
%8 greater

%3 greater
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Results

150 Gait 150 Stair Ascending 150 Stair Descending
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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
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Finite Element
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Wear Analysis




The hypothesis

Literature Data

v' The lifespan of hip implant under walking cycles in FEM could be
predicted as 25.7 years 1"
v' JT. Evans et al studied at the lifespan of 228888 hip implants in 16

different countries ©3. The average lifespan of hip implants last 20 years ©3
The hypothesis

The daily frequency of stair ascending/descending per day is calculated as
2 v’ 172 cycles which is equivalent to 62780 cycles for stair ascending/descending
v 3040 steps per day which is equivalent to 1 Mc per year

v" Predicted the walk-to-stair ratio of 15.9:1

Wear Prediction Model

Superior-Inferior

Internal-

Ext : v" We investigate the wear performance and longevity of hip implants adding
LXtierna
Anterior- 3 stair ascending and stair descending wear rates on walking cycles according

A ,\bducﬁon_POStc“O to the walk-to-stair ratio provided to converge our results with literature data

Adduction



Model Quality

Pre-analysis Post-analysis
B.C and Cont. Mat. Sens. Results Validatio
Report
L.C Types Prop. Analys. Proces. n
* Type e Constrain e Tied e Mat-001 e Mesh Size *® Ls-Dyna e \Wear rate e Hip
e Order e Load e Surface to e Cof e Scaling e Shared e Sliding D. simulator
e Section e Motion Surface e Archard W. Factor parallel e ContactP. * Clinical
memory e Contact A. Retrieval
(SMP) e Fem Results
¢ Double
\ Precision
t‘) . S i' ‘\
T ®© L |
QL e b : '
= 8 E Peak Contact Pressure Wear Sliding Distance (mm) Wear “E::::"‘J 'v“rne;:':;m'

Wear Sliding Distance(mm)

0.0016 _|
0.0014
0.0013
0.0011
0.0009
0.0007
0.0005
0.0004
0.0002
0.0000 _|

0.1764
0.1568
0.1372
0.1178
0.0980 _
0.0784 _
0.0588 _
0.0392
n.n1ss:I
0.0000
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2500 =5 2500
Material and Methods - = i
1500 & 1500
gmoo (GAIT) glooo (SD)
£ <
500 500
0‘/\N\ 00— _—
o . -\/-\/—/\/
\/ An expl|C|t FE analyS|S tOOl (LS— S0 02 04 0T.(3 08 1 12 14 16 000G 02 04 0.6 08 1 12 14 16 S0 02 04 0608 1 12 14 16 (@ 4
ime (s) Time (s) Time (s)
80 80 80 2 %
- (GAIT) —iD (SA) e (SD)
R 60| —IE 60| —IE 60| —IE ;
Dyna R.12.0) over 5 million cycles. _ N &5, .
& 40 9;: 40 E ’;%0 7 4
E 20 Eb 20 f::b °’:6°%/'5’¢ N
v The liner inserted at 45% on the FE ) 0 v o
200 0204 0608 1 12 14 16 20562 04 06 08 i 12 14 is6 % 02040608 1 121416 (¢) ™
. Time (s) Time (s) Time (s) L
axis. ® (GAIT) (SA) R 'h;‘x:‘l'cl:')xlml-
External Actactot
n ¢ Posterio
. . . \ .-\l)(lucli.on-
v" The shell is fixed, while the femoral &
T
X 2 - SA) $(SD) e
. 13 ! (GAIT?‘ - o (' ’) ‘ ‘ ﬂ_’ = -
head is free.

v The loading is applied, while the

[

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

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



Mesh Sensivity Analysis

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
. . f 28 ( (b) Peak Contact Pressure (MPa) Wear Sliding Distance (mm)
@ Peak Contact Pressure ‘ Wear Sliding Distance(mm)

Peak Pressure (MPa) 26.53

23.88 :l
21.22

18.57

(@n

v' Mesh convergence test is a vital

-l Wear Sliding Distance

S
(3]
N
[o2]
(3]
(wru) aaums!(i SuIpI[S JBIAN

- 27.5

15.92
13.27

process.

10.61
7.96
5.31

265 ]
0.00

—
o
|
T

v’ Variations in the outputs are

1 mm 1 mm

Wear Sliding Distance(mm)

less than 1%, the optimum

Peak Contact Pressure (MPa)
©o
N

9- 26 61

mesh size is determined. 58T e |

8 - ; - - 25 :ZZI]

v" Seven CoCr-on-XLPE prototypes ¢ 20 400 80 800 AG0O
Duration (min) 1.6 mm 1.6 mm
Table 2 Effect of element size on contact pressure, sliding distance and wear depth

were modelled. EL.Size  Run C.P. C.P W. D. W.D. s.D. s.D. Liner

(mm) (min) (MPa) (%) (10~8mm) (%) (mm) (%) Element

. . 2.00 144 9.05 1.90 4.43 6.54 25.20 1.95 7200

7 The Optlmum mesh will be 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

selected as 1mm 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
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Scaling Factor Sensivitly Analysis

\/ Th e Ssca l| N fa ctor has a ma 'O r (a) 80 ! ! ‘ 1000 (b) Wear Depth (mm) at the end of the 1 million cycles
g (B ) J ~@--Wear Depth | — - Contacting Area ‘
Wear Depth (mm) Wear Depth (mm)
impact. oo -
60 - - 750 0202197 ] T
E .‘-----... __________________ B NE 0.01831 : :
v' Ranged from 0.7 to 7 million cycles 2 [ o
= N O o - 0.00366 900752
= e 500600.] 0.00376
oy 40+ e o 500 = °'°°°°°]
v . : = @00 <
The run time of the model with 0.25 =T o 100.000 cycles 250.000 cycles
g Scaling | Run time Wear Contacting = Wear Depth (mm) Wear Dopfhimm}
B Factor (min) depth (um) | Area (mmz) § :::::2 o',)oaess
million cycles is approximately 2.5 times 20 L[ 45520 | 49.59 59450 | 250 £ o |
0.5 910.40 40.02 685.40 o Gy nasre
025 | 182080 37.58 708.90 002001 | oy
: . S 02 [ 2276.00 37.13 711.60 ppiy idonty
higher than the model with 0.7 million . i [ | e | s ] = ]
T T T T 0.00400 0.00496
0 02 04 06 08 1
cycles. Scaling Factor (B) (million cycles) 500.000 cycles 1.000.000 cycles

i : . Figure 3(a) The effect of scaling factor on wear depth and contacting area, and (b
v' The optimum scaling factor is selected 8 (@) g P g (b)

wear depth at the end of the 1 million cycles
as 0.25 million cycles (Figure 3a).
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Contact Pressure

C. Pres. (MPa)
6.330
5.697
5.064
4.431
3.798
3.165
2.532
1.899 _
1.266

0.633

0.000 _|

The peak contact

pressure values have

C. Pres. (MPa)
7.580
6.822 |
6.064 [.II
5.306

obtained

4.548
3.790
3.032
2274
1.516
0.758 ]
0.000 _|

. Pres. (MPa)
8.330
7.497
6.664 1
5.831 _
4.998 _
4165 _
3.332 _
2.499 _

1.666

20 % 40 % 100 % 0.833:'

0.000

* 6.33 MPafor gaitat0.21 s.

e 7.58 MPa for SD at0.78 s.

e 8.33MPaforSAat0.23s.

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
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Wear Depth(mm)
(@) GAIT 000t
0.0013 _|
0.0012 _
0.0010 _
0.0009 _
0.0007
0.0006 _

Linear Wear Depth

0.0004 _
0.0003
0.0001 :I
0.0000 _|

Wear Depth(mm)
0.1440
0.1296 ]
01152 _
0.1008 _
0.0864 __
0.0720 _|
0.0576 _|
0.0432_
0.0288

o.mu]

0.0000 _|

Wear Depth(mm)
0.0020
0.0018 :I
0.0016 __
0.0014 _
0.0012 _
0.0010_|_
0.0008 _M
0.0006 __
0.0004

0.0002 ]
0.0000

Figure 5 shows the cumulative linear wear depth

v 0.14399 mm for gait (Figure 4a),

Wear Depth(mm)
0.1960
0.1764 _|
0.1568 __
01372 _
01176 _
0.0980 |
0.0784 _[!!
0.0588 __
0.0392
o.ows:l
0.0000 _|

Wear Depth(mm)
0.0018
e |
0.0014_|
0.0013 _
0.0011 _
0.0009 _|
0.0007 _|
0.0005_|
0.0004
0.0002 :I
0.0000

v' 0.19599 mm for stair ascending (Figure 4b)

v 0.17936 mm for stair descending (Figure 4c)

Wear Depth(mm)
0.4794
0.1614 ]
0.1435 _
0.1255 _
0.1076 _
0.0897 __
0.0717
0.0538 _
0.0359

0.0179]
0.0000
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Figure 5 The linear wear depths of the femoral head and bearing liner under
(a)gait, (b)SA, and (c)SD loading cycles at each specific cycle.



Linear Wear Depth And Volumetric Wear Loss

N
n
]

= . £ 250
i Gait SA SD| g Gait SA SD
::: 200 (a) é 200 (b)
The percentage increases in mean . §
-E 150 S 150
s 2
volumetric wear rates of XLPE liner and = £
- 100 e 100
S =
CoCr head for gait (by adding SA and - S %
E E
. I >
SD) activity compared to normal B ig.e ; - ; - S L 5 3 4 -
Million cycles (Mc) Million cycles (Mc)

Walking are predicted at 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

* 6.88% for XLPE liner 1890 AL B
Mean volumetric wear rate (mm?3/Mc)
SA SD Gait Gait (adding SA and

« 12.02% for CoCr head S (adding
SD)

XLPE liner 27.429 23.220 18.839 22.020

CoCr head 0.337 0.307 0.336 0.376
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Conclusion

v' The volumetric wear rates of XLPE under walking increased by 16.9 % by including the effects of stair

ascending/ descending activities.

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

activities.

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

clinical retrivial 3.

v 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.

v" 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.
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