Femoral Component
Insertion Monitoring Using
Human Cadaveric Specimens

20 Feb 2007

Andrew Crisman, Rose-Hulman Institute of Technology
Molly McCuskey, University of New Mexico
Nathanael Yoder, Purdue University
Phillip Cornwell, Rose-Hulman Institute of Technology
R. Michael Meneghini, St. Vincent Center for Joint Replacement




-

Acetabulum —___ \‘

Femoral Head
Greater Trochanter —__

Lesser Trochanter — H

Femur —_

—

Matural Hip

erative joint

t covers the

2

-'f{“rl—rr
« Los Alamos



This research investigates one type of total hip

arthroplasty.
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Minimally invasive surgery has costs and

benefits.
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We are attempting to determine optimal

seating.

Prevent femoral fracture
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Replicate composite femurs were used to
Purpose | finalize data acquisition procedure.

Acoustic response

Procedure

Data
Analysis

Conclusions | [ Accelerations
Force

measurements
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Cadaveric Specimen tests were conducted
Purpose | at UCSD.

m 8 femoral prostheses were implanted

m Testing stopped due to failure of epoxy
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A hammer with a force transducer was used

purpose | iNstead of the surgeon’s hammer.
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Various sizes of femoral implants were used
Purpose | with a fixture mounted on top.

Varying sizes of femoral implants

Removable accel fixture

Procedure

Removable accel
Data - - i h
Analysis ‘ | _ 1xtures attach to

prosthesis hole
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The data acquisition team was setup away
Purpose | from the surgery.

Procedure

Data
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Conclusions
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Screenshots were collected during data

Purpose acquisition.
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Purpose
Setup
Data

Data
Analysis

Conclusions

The procedure was followed on 5 different
cadaveric specimens (8 total hips).

General Procedure:

1.
2.

Prepare proximal femur

Press implant into femur by hand

Femoral canal
broached to
proper size.
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The procedure was followed on 5 different
Purpose | cadaveric specimens (8 total hips).

S General Procedure:

1. Prepare proximal femur
2. Press implant into femur by hand
Data 3. 'Take depth measurement

Data
Analysis

Conclusions
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Purpose
Setup
Data

Data
Analysis

Conclusions

The procedure was followed on 5 different
cadaveric specimens (8 total hips).

General Procedure:

1.

2.
3.
4

Prepare proximal femur
Press implant into femur by hand
Take depth measurement

Impact once with instrumented hammer and
punch

- Record force, acceleration, and acoustic data

Repeat 3,4 ‘ITE = then until fracture
>

-
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The point of seating and fracture was
Pupose | determined by the surgeon.
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A variety of cadaveric specimens were tested.

Purpose

= Specimen | Sex Age | Height (m) Weight (kg) | BMD Outcome

#1 Right Female | 87 Not Given Not Given TBD Fractured

Procedure #1 Left Female | 87 Existing Hlp Implant Fractured

#2 Right Female | 84 1.65 57.61 TBD Incomplete

#2 Left Female | 84 1.65 57.61 TBD Fractured

#3 Right Male 97 1.68 72.57 TBD Unable to Fracture
Data

Analysis #3 Left Male 97 1.68 72.57 TBD Unable to Fracture

#4 Right Male 75 1.57 63.5 TBD Incomplete

Conclusions #4 Left Male Fract-l M}ing Fractured
Epoxy Failure

#5 Right Female | 59 1.7

rBD Incomplete

#5 Left Female | 59 . 68.04 TBD Incomplete
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Data analysis was conducted using a custom
Purpose | Matlab GUI.
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Data analysis was conducted using a custom
Purpose | Matlab GUI.
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Data analysis was conducted using a custom
Purpose | Matlab GUI.
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Data analysis was conducted using a custom
Matlab GUI.
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Data analysis was conducted using a custom

Purpose Matlab GUI.
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Data analysis was conducted using a custom
Purpose | Matlab GUI.
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Purpose

Setup

Procedure

Data
Analysis

Conclusions

Time to 99% of total norm was calculated
using z-direction accelerations.

Norm=Norm feature at /" point
Nornm;,, =Norm of entire signal interval
N=Number of points examined

a;=Signal value at /" point
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Total norm technique followed depth
Purpose | neasurements.
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Setup
Procedure

Data

‘ Data
Analysis

Conclusions

A real time metric was developed to predict
seating of the prosthesis during impaction.

m Seating indicated by increase in time to 99% of total
norm after two point moving average filter applied

m Seating predicted prior to fracture in all cases

Specimen
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Interval

Predicted Seated Hit
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41,

0-8
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Purpose

Setup

Procedure

Data

‘ Analysis

Conclusions

Frequency

Dominant frequency via CWT

Energy in high vs. low frequency bands

Mean frequency of highest RMS IMF

Mean square value of signal in frequency band

Mean of cross power spectral density between hits
Variance of cross power spectral density between hits

Static stiffness via the FRFs from accelerations

Interrelation

Area under coherence function between hits
Transmissibility between transverse accelerometers

Maximum cross correlation

Stationarity

Signal stationarity via Hilbert Huang Transform

We tried a number of different data analysis
techniques to extract signal characteristics.

Energy Dissipation
Time to 99% of total norm
Decay of highest RMS IMF via Hilbert Transform
Changes in system parameters via FRFs
Damping estimate via continuous wavelet transform

Coulomb and viscous damping of filtered signal

Time History
Norm of Acceleration / Norm of Force
Mobility
Max transverse accel./max Z-direction accel.

Inverse of complexity

Neural Networks

ANN trained with wavelet decomposed signal
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Frequency

Dominant frequency via CWT

Energy in high vs. low frequency bands

Mean frequency of highest RMS IMF

Mean square value of signal in frequency band

Mean of cross power spectral density between hits
Variance of cross power spectral density between hits

Static stiffness via the FRFs from accelerations

Interrelation

Area under coherence function between hits
Transmissibility between transverse accelerometers

Maximum cross correlation

Stationarity

Signal stationarity via Hilbert Huang Transform

Parallels Replicate Seating

We tried a number of different data analysis
techniques to extract signal characteristics.

Energy Dissipation
Time to 99% of total norm
Decay of highest RMS IMF via Hilbert Transform
Changes in system parameters via FRFs
Damping estimate via continuous wavelet transform

Coulomb and viscous damping of filtered signal

Time History
Norm of Acceleration / Norm of Force
Mobility
Max transverse accel./max Z-direction accel.

Inverse of complexity

Neural Networks

ANN trained with wavelet decomposed signal

Parallels Cadaver Seating
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There were differences between cadaveric data
Purpose and replicate data. Cadaveric Data

Setup

Accelekuron differences
Procedure

Acceleration (g)

.

o
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Time (s)

Acceleration (g)

Hammer tip was ‘ ‘ ‘ ‘ ‘
. . 0.01 0.02 0.03 0.04 0.05
made of steel similar Time (s)
to surgeons hammer
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Setup

Procedure

Data
Analysis

We are one step closer to having a qualitative
red light / green light solution.

m Data collected from m Total norm in z-
S femuts on 5 direction worked best

cadaveric specimens = No metrics from

transverse acceleration

m Several metrics were .
or acoustic data

investigated

successful
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Several possibilities for future work remain.

Purpose

Setup m More cadaveric testing

m To increase sample size

Procedure

and data quality

= To further investigate

metrics

— O T(? Perforrp surgery using
Analysis minimally invasive technique

m Implement metrics in real
time dynamic seating indicator
m Refine fully removable sensing

hardware
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