
Posudek doktorske dizertadni prdce pana ing. Petra Henyie

Diagnostic tool for initial fixation of acetabular implant.

Vlastniprdce m6 L25 stran vdetnd seznamu literatury. Piedchiiziseznam obr6zk0, tabulek,

operdtorfi, oznadenia zkratek, coZ velmi oceriuji. K prdcijsou pak piipojeny doplriky ( celkem

8) v rozsahu 6L stran.

V fvodu je piedev5im formulovdn cil prdce:

L. Vyvinout metodiku a hardware pro hodnocenikvality poddtednifixace acetabuldrniho
implantdtu

2. Podpoiit tuto metodu podftadovlimi simulacemi.

Ndsleduje strudnli ale naprosto dostatednf popis anatomie kydelniho kloubu a piedevSim

vridet soudasnrich metod m6ienipoddtednifixace. Autor konstatuje, Ze v6t5ina vrizkumu je

zam6iena na femorSlni komponentu, zatim co acetabuldrnimu implantdtu je v6novdna

meniipozornost vzhledem i k v6tiiobtiZnosti tohoto probl6mu.

Druhd kapitola je v6novdna vytvoieni poditadov6ho modelu pdnevnlkost a acetabula.

Dizertant se piitom zamEiil na syntetickou pdnevnikost. Evidentn6 piedpoklSdS, Ze

metodiku vyvinutou na ni bude moZno uplatnit v budoucnu i na redln6 kosti. Jednd se o

povrchovou vrstvu tvoienou ortotropnim kompozitem a vnitinivrstvu tvoienou
polyu retanoovou p6nou.

Hlavnism6ry ortotropie jsou urdeny ieienim difuznirovnice a materidlov6 parametry jsou

pak ziskdny pomoci rozloi.eni denzity. Tyto jsou pak upiesn6ny v optimalizadnim procesu na

zdklad6 srovndniexperimentdlnich a vypodtenfch vlastnich frekvencia tvarri kmitu. Zvolenri

algoritmus je podrobn6 popsdn v odst. 2.7.

Kapitola 3. pojedndvd o vlivu spoledn6 kontaktniplochy na dynamickou odezvu. Piedev5im je

zde definovdn potitadovri model acetabuldrniho implantdtu. Vedle zdkladniho tvaru dan6ho

anatomiije zde piiddn m6iicinosnik. Analyzov5ny byly vlastnifrekvence a tvary kmitu vlastni

misky, misky s m6iicim nosnikem i cel6ho syst6mu vdetn6 kydelnikosti. Byla tim urdena mira

ovlivn6nidynamick6 odezvy piiddnim implantdtu s nosnikem na modSlnivlastnosti kosti.

K tomu fdelu byla provedena analriza citlivosti zdkladnich parametr0. Shrnutivrisledk0,

uveden6 v odstavci 3.4 na mne p0sobivelice vdgn6. N6kter6 v6ty se mn6 zdaji ne zcela

srozumiteln6. M0j celkovri dojem je, ie vyuZitelnd z6vislost mezi kontaktnf plochou a
modSlnimi parametry nebyla zcela jednoznadn6 prokdzdna.

etvrtS kapitola popisuje experimentSlniverifikaci. CelS soustava byla buzena impaktnim
kladivkem. Nejsem odbornik v oblasti experimentu, a proto jsem se zam6iil piedeviim na

shrnuti. I zde povaZuji vfsledky za velmi vdgni. Napi. na str. 95 nahoie je piedchozizji5t6ni

zpochybn6no piipuit6nim 5patn6 kvality dat atd.



V pdt6 kapitole je popsdno zaYizeni urden6 pro m6ieni poidtednifixace v klinick6 praxi.

Hlavnimi prvky jsou piezoelektricki aktudtor a akcelerometr, jehoZ vrisledky jsou bezdrdtov6
piendieny ke zpracovdni.

Sestd kapitola je rozs5h16 shrnutiziskanfch v'isledkfr. Na str. 102 autor uv5di, ie poditaiovli
model potvrzuje hypot6zu ovlivn6nidynamickyich vlastnostivelikostikontaktni plochy. Na

str. 103 dole je jako vhodnri parametr uvdd6n participainivektor. lhned je toto zpochybn6no

na str.104 nahoie tim, ie jeho velikost je v rozsahu piesnosti poditadov6ho modelu. Na t6ie
str. uprostied je konstatovdno, ie vlastnivektory nejsou citliv6 na zm6nu kontaktniplochy
s vyjimkou druh6ho deformadnlho modu. Pii zpracovdniglobdlniho chovdnibuzen6ho
syst6mu byla pouZita raw FRF data. Ty autor povaZuje za nad6jnd a jejich pouZitiv dan6

aplikacijako p0vodni.

Hodnoceni.

Dizertant odvedl ohromnri kus pr6ce jak pii vytvdieni poditadov6ho modelu, tak pii
experimentu a n6vrhu m6iiciho zaYtzeni. T6ma dizertadni pr5ce je aktuSlnia velmi uiitedn6.
Adekvdtnije i navrZen6 metodika. BohuZel ziskan6 vfsledky nejsou zcela piesv6ddujici.

Formulace jsou 6asto v5gnia odporujisi. Prvnipiidinou miie bft i pouZitisyntetick6 kosti a

to zejm6na pii experimentu. Prdce tak evokuje iadu dotaz t, z nichi n6kter6 jsou uvedeny
niie. Po formSlnistrdnce je prdce velmi obsdhlS, leckdy na rlkor srozumitelnosti. Popisy u

obrdzk0 a rovnic jsou velmi strudn6.Jazykovou 0rovefr si nedovolim hodnotit, avSak jist6 by

zaslouZila korekturu (sm6r je direction a nikoliv direct atp.). Uviidim n6kolik form6lnich
piipominek:

L. Vztahujise oblasti s definovanfmi okrajovfmi podmfnkami (omega a, omega b

rovnice (2.39)) k Fig.2.7 .?

2. Parametry, jejichi sensitivita na kontaktni plochu byla poiitiina (str.58) by si

zaslouiily strudnf popis. Napi. participadnifaktor je zmin6n letmo v (2.L0

3. MateriSlov6 parametry uveden6 v odstavci 2.3.2. se tfkaji kompozitni vrstvy -
omlouvdm se, ale moind jsem piehl6dl parametry pro p6nu.

4. Na str. 59 je v prvniv6t6 pod tabulkou piepis - misto ,,undamped" m6 brit ,,damped"

Pro vlastni obhajobu uvddim tyto dotazy (pokud budou zodpov6zeny ve vystoupeni
dizertant, nenitieba se k nim vracet):

L. Jak'i je fyzikSlnidrivod pro urdenihlavnfch sm6r0 ortotropie pomociLaplaceovy
rovnice?

2. Byla na um6l6 pdnevnl kosti n6jak upravovdna jamka tak, jak se to d6l6 pii operaci?
3. Jak vzddleny jsou materidlov6 parametry um6l6 kosti od vlastnosti kosti re6ln6?
4. Prof experiment i vfpotet nebyly provdd6ny pro piipad vn6jiiho buzeni, pro kter6 je

navrZeno zaYizeni v kap.5. ?



5. Co lze odekdvat od navrZen6ho zaiizeni- jak budou zpracovdny jeho v'istupy?
6. Jak si dizertant piedstavuje dalSi postup praciv dan6 problematice?

Pies uveden6 piipominky ve sv6 dizertaci autor prokdzal schopnost v6decke prdce i velk6
znalostijak ve v'ipodtov6 tak experimentdlniproblematice. Pr6ce tak splfiuje poZadavky

stanoven6 zdkonem a proto doporuduji, aby pan Ing. Petr Henyi byl piipuit6n k obhajob6 a

v piipad6 jejiho risp6Sn6ho pr0b6hu mu byl ud6len pf\4Sn titul phD.

(-

V Plzni 2O.tL.2Ot5 berg, DrSc
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V6c: Posudek disertadni pr6ce Ing. Petra Heny6e na t6ma

Diagnostic Tool for Initial Fixation of Acetabular lmplant

Zhodnoceni vyznarnu pro obor: Disertant ve sv6 pr6ci iebi kvantifikaci primdrni fixace ace-
tabul6rni komponenty pomoci vibradni analyzy. Tato metoda neni nov6 a jiZ se pouLivd v
klinick6 praxi pro hodnoceni miry prim6rni fixace dent6lnich implant6tri. Jeji pouZiti pro
acetabul6rni komponentu mi dosud neni zn6mo. Vzhledem k tomu, Ze dlouhodob6 stabilita
necementovanych implant6tfi je vfraznd ovlivndna pr6v6 mirou prim6rni implantace, pova-
Zuji danou prAci za aktudlni a piinosnou. Pro posouzeni stability acetabul6rni komponenty
v prribdhu operace dosud neexistuje objektivni metoda. Dan6 pr6ce tak neni jenom teore-
tickym piispdvkem ale m6 piim6 klinick6 dopady. O aktu6lnosti studovan6 problematiky
svdddi tak6 neddvn6 publikace tykajici se hodnoceni uvolndni acetabul5rni komponenty po-
moci vibradni analyzy (Alshuhri AA a kol., Med Eng Phys. 2015 Aug;37(8):7Jg-aS; Michel
et al., J Biomech Eng. 2015;137(3):031011-031011-6.)

Postup ie5eni, pouZit6 metody: PouZit6 metody odpovidaji zamdieni pr6ce. Vzhledem k
stavu problematiky, kterjr disertant jasnd, ate n6kdy ai, moc podrobnd popisuje, bylo nutno
vyjit z ovdieni z6kladnich hypot6z vlivu fixace acetabril6rni komponenty na frekvendni ode-
zvu' Toto posouzeni realizoval disertant teoreticky pomoci metody konednych prvkri, kde
nejdiive musel vytvoiit model materiS,hi a geometrie. V t6to dasti je zajimav|zejm6na me-
toda piiiazeni materiSlovych vlastnosti anizotropnimu modelu kosti na z6kladd geometrie.
Navrhovan6 metoda mriZe fungovat pro povrch kosti, ;eji vyuZiti pro hlub5i spongi6zni kost
je ovbem diskutabiini a bylo by zajimav6 zjistit aplikaci dan6 metody tak6 pro jin6 kosti.
Disertant modeluje kostni materi6l p6nve jako anrzotropni. VeBkerS mdieni ov5em pro-
bihaji na umdl6m modelu kosti (vyrobek firmy Sawbones). Tento materi6l nemd podie
mjrch znalosti anizotropni strr-rkturu kosti, jak tak6 svdddi ridaje vjrrobce, kterjr neuvddi
hodnotu modulu G12. Uvedend citace Sharma a kol. , 2012 se vztahuje ke kosti zviieci a
nem6 piimou souvisiost se studovanym materi6lem. I)isertant spr6vnd zvolil line6rnd elas-
ticky popis, ktery odpovid6 mechanickym vlastnostem modelov6 kosti. V t6to oblasti je ale
nutno poznamenat, Le kosti a zejm6na velk6 kosti jako je p6nev maji vizkoelastick6 vlast-
nosti, kter6 budou, vyznamnd ovliviovat jejich frekvendni od.ezvu. Jednotliv6 mechanick6



vlastnosti nakonec disertanl, optimalizoval na z6klad6 poZadovan6 shody s experiment6l-
nirn rn6ienim. V modelu p6nve (d,6,* 2.a.) neni jasn6 jakj.m zprisobem a zda-li byl dani'
model uchycen a jak bylo toto uchyceni realizovdno pii nSsiedn6m experimentu.

N6sledn6 piistoupil disertant k hodnoceni vlivu kontaktni piochy na mod6lni odezvu. V
t6to ddsti se jedn5. o standardni analyzu. Nicm6nd bych uvital verifikaci cel6 metody, o
kter6 vime, Ze funguje u dent6lnich implant6tri. Disertant sv6 z6vdry v d6sti J.4 zaIoLiI
na numerick6m modelu, ktery ale neni plnd verifikovd,n pro danou analyzu. Bylo by zaji-
mav6 urdit, jak dany model bude reagovat v piipadd i zjednoduBen6ho modelu dent6lniho
implantS,tu.

DalSi d6st prdce se vdnuje experiment6lnimu stanoveni odezvy jamky pii rrizn6 miie fixace.
V t6to ddsti disertant n6vrh a realizoval postup m6ieni. Mdieni v t6to d6sti mriZeme po-
vakovat za pilotni studii z dfivodu mal6ho podtu vzolkri a problematiky opakovatelnosti
cel6ho mdieni.

V posledni d6,sti pr6ce se disertant zamdiil na konstrukcj zaiizeni, I kdyi, v rivodu ka-
pitoly uvd,di, Ze se jedn6 o zaiizeni pro mdieni stability jak acetabulS,rni tak femor61ni
komponenty, ze samotn6ho nS,vrhu je zjevn6., de zaiizenije prim6rnd urdeno pro femordlni
komponentu, jak je ostatnd znilzorndno na obrilzku 5.5. Tato d6st tak neni v souladu se
zbytkem pr6ce a z hlediska metodiky tady chybi alespoil z6kladni verifikace zaiizeni, jenil
disertant, piipadnb ie5itelsky ti,m grantu Technologicft6 agentury, urditd provedly. Na roz-
dil od piedeilych kapitol a vzhledem k tomu, Ze konstrukce zaiizeni je stanovena jako jeden
z hlavnich cihi, je rozsah t6to kapitoly nerimdrnd kr6tky.

Spln6ni cihi: Cile jsou stanoveny v d6sti 7.2 ,,Research Hypothesis, Focus and Organization
of the Thesis"' Cile, tak jak.jsou formulov5.ny byly splndny dS,stednd. Hlavnim cilem prdce
bylo ovdiit vhodnost pouZiti vibradni metody pro r-rldov6ni prim6rni fixace acetabul6rni
komponenty zkonstruov6ni zaiizeni, kter6 by danou metodu vyuZilo v klinick6 praxi. Jed-
noznadn6 splndna byla prvni d6st cile, kde disertant uk6zal schopnost modelov6ni a anallzy
experiment6lnich dat. V druh6 d6sti je zaiizeni konstruov6no spi5 pro femor6lni kompo-
nentu, jenZ nebyla objektem piedklS,dan6 pr6ce. Specifick6 ciie vyjmenovan6 v dd,sti 1.2.
d6le hodnoti v z6vdrr-r na strzlnd 105 a 106. V tdchto ztivdrech se disertant dopou5ti vyraz-
n6ho zobecndni svych vysleclkt. Ve5ker6 experiment), a rnodely byly provedeny na um6l6
kosti, kterri, neni piino navlZena pro vibradni analyzr.r. Proto tvrzeni, Ze syst6m implan-
tdtl:url'dl| kost se chov6 lineirr:nd jak bylo potvrzeno v dan6 pr6ci, nemusi platit tak6 pro
rozhrani implant6t/Ziv6 kost.

Zhodnoceni vysledkri - piinos disertanta: Jako hlavnl piinos piedkiSdan6 pr6ce vidim jeji
komplexnost. Metody pro vytrroieni mocleiu a zpra,covS,ni dat ukazuji na velkou invenci
autora a schopnost vypoiS.dat se s problematickou i.rlohou. I kdyZ byla pravddpodobn6
odek6vdni n:r zad6tku prdce ,jtntt", neil jsou vysledky, z prS"ceje viddt velk6 mnoZstvi pr6ce
a irsili, kter6 bylo vdnov6no yeseni dan6ho probl6mu.

Struktura pr5ce: Pr6ce je rozddlena do logickych celkri. V textu se jen piileZitostnd objevuji
mirn6 nesrovnalosti, napi. modal assurance cr:iterion .je clefinovdno na strand 48, ale pou1i-
vino jiZ, na strand 36. To se ti'k6 cel6 kapitoly 2.T Teoreticky z6klad, kter6 v textu prisobi
ru5ivd a navrhuji ji uv6st v d5,sti piiloh. Co povaZuj i ztt zfisadndj5i nedostatek je absence
diskuze. Ze seznamu literatury a rivodu k pr6ci je zjevn6, Ze autor m6 velmi dobry piehled
v dan6 oblasti' BohuZel v prd,ci chybi srovn6ni s dosavaclnimi studiemi. Souddsti diskuze
by mdio byt tak6 kritick6 zhodnoceni metocl a anal\tzz.t..jejich moZnych nedostatkri. e6sti
diskuze je moZn6 na.jit ve shlnr,rti na konci kapitol, samotn6 diskuze ale chybi.

Jazykovi a graflck6 riroveil: Pozrtivnd hodnotim, Ze pl6ce je ps6na anglicky. Jednd se o
trend, ktery by mdl bjrt nad6le podporov6n a vzhleclem k tomu, Ze autor neni rodilirm



mluvdim, je moZn6 piehl6dnout ojedin6l6 pieklepy nebo doslovn6 pieklady. Pr5ce obsahuje
z formS,lniho hledisha jen drobn6 nedostatky, napY. v ndktelych grafech chybi oznadeni os
(graf 2.19), nicm6nd z popisr-r grafu je zjevny vlznamjednotlivych os.

Publikadni aktivita: Publikace:rutora jsou uvedeny na strand 107 a I08. Zpublikadni aktivity
je viddt velky z6bdr iebenych probl6mri v prribdhu str-rclia. V seznamu je nespr6vn6 uveden
patent. Pravddpodobnd se jecln6 o uZitny vzor d. 2012-26448, ktery by mdl byt oznaden
jako ,,Utility model", piipadnd se mriZe jednat o piihi6Sku vyn6lezu, kter6 neni vid6t v
databilzi Uiadu prrimyslov6ho vlastnictvi.

Otdzky k obhajob6: 1. MfrZete vysvdtlit prod jste v),uzil pro hodnoceni shody pr6v6 pa_
rametr MAC (modal assurance criterion, vztah 2.35) a prod byl treshold zvolen na
irrovni 0,1.

2. Co je hlavnim drivodem mal6 citlivosti frekvendni odezvy acetabul6rni komponenty
na plochu kontaktu?

3. Jakym zprisobem by se zm6nila odezva, kdy jste uvaZoval viskoelastick6 vlastnosti
kosti?

4. Popi5te jak je mo1n6 zaiizeni v konfiguraci uveden6 v kapitole 5 vyuZit pro m6ieni
acetabul6rni komponenty.

Ziv& a doporudeni Autor ve sv6 disertadni pr6ci prokS,zal schopnost samostatn6 tvrirdi pr6ce
v dan6m oboru. Pl5,ce krom6 potvrzeni a vyvrd,ceni hypot6z obsahuje origin6lni metody,
kter6 jak douf6m, bude ar-rtol nadAle rozvijet. Pr6ce svym rozsahem a obsahem spliuje
pozadavky standardn6 kladen6 na disertadni pr6ce v dan6m oboru.

M6 piipominky nesnil:uji jeclnoznadnou originalitu pr6ce a pr6ce piedstavuje piinos k roz-
voji biomechaniky kloubnich n6hrad. Proto doporuduji pr5,ci k obhajobd a doporuduji
uddleni akademick6ho titulu Ph,D.

d,.

Prof. RNDI. Matej Daniel, Ph.D.
(Jstav mechaniky, mechatroniky a
biomechaniky
FS CVUT v Praze
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Report on the PhD Dissertation entitled

Diagnostic Tool for Initial Fixation of Acetabular Implant

Presented by Mister Petr HENYS

from the Faculty of Mechanical Engineering
of the Technical University of Liberec

The dissertation of Mister Petr HENYS presents a research work on the in-vivo evaluation
of acetabular implant mechanical stability by the use of vibration analysis. This work has
been performed at the Department of Applied Mechanics of the Technical University of
Liberec, under the supervision of doc. Ing, Lukas CAPEK.

The full report of I92 pages is written in English, the main body is a 106 pages document
with 6 chapters including the introduction and the final summary,

The impressive bibliography contains 266 references in various scientific fields, justified
by the multi-disciplinary aspects of the work.

Eight appendices bring additional figures in order to capitalize the full technical infor-
mation without making the main body document too heavy, which is appreciable.

Based on the analysis of the state-of-the-art, the introduction first gives the context and
explains the essential link between the press-fitting control during the Total Hip Re-
placement, the mechanical stability of the implant, the osseointegration process and the
success of the hip replacement, This analysis leads to the definition of the scientific ob-
jective of the work, which is to propose and evaluate a new approach based on vibration
analysis for measuring the initial mechanical stability of the implant during surgery. The
main hypotheses are given, the organization of the work is presented and the original
contributions are highlighted.

The hip joint anatomy is then described and the total hip arthroplasty is explained in de-
tails, revealing the better performances of cementless techniques and the key role of the
initial fixation.

The author finally presents the current concepts for the evaluation of the initial fixation
quality, with an extensive review of the scientific results together with a description of
the commercially available systems. A table summarizes very well these information,

The reviewer really appreciated this first chapter, containing very useful and up to date
information in the field.

The chapter 2 is dedicated to tlre elaboration of a numerical model of a synthetic pelvis
bone and an acetabular cup. This preliminary step is relevant as the model could be use-

rl4
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ful to understand the main trends in the mechanical behavior and to design a performant
diagnostic too,.

Great care is taken to build an appropriate model, from the 3D scan of the pelvis bone to
the CAD and FE models, This kind of retro-engineering approach is known to be complex,
very technical and time consuming, but the author seems to perfectly handle it. The to-
mography measurements are used to evaluate the material density throughout the struc-
ture, The mechanical behavior of the material is modelled by constant orthotropic elastic-
ity, The question of the orthotropy axes is hard and a pragmatic approach is proposed,
based on the local geometry. A mesh convergence analysis is performed with 7 different
element sizes. The author should have given more comments on these results, and write
explicitly which model has been used for the next steps,

An experimental modal analysis is then performed on the synthetic pelvis bone in order
to evaluate the predictability of the model, and if necessary proceed to its calibration.
The experimental and identification procedures are classical and well handled. As an ex-
pert in this field, the reviewer noted some minor imprecisions or lack of information:
- how to perform some reciprocity checks when having only one driving point?
- if there is really only one driving point, the identification process is of MISO type (Multi-
ple Input Single Output) even if the used method is able to handle MIMO measuremenrs
- the author gives the two coefficients associated to a Rayleigh damping model, without
any information on the way they are estimated, By the way, they are not used in the
following steps.

The next step consists in comparing the simulation and experimental results. The correla-
tion is remarkably good, especially for modal frequencies. The mode shapes correlation
could have been explicitly quantified and commented, in order to help the understanding
of the distance between the model and the reality. The author presents then a model
updating process which gives even better results in terms of modal frequencies predic-
tion. The fact that the cost function is only based on the modal frequencies is an im-
portant information that is unfoftunately given in the next section only. It would have
been interesting to analyze more deeply the physical interpretation of the updated pa-
rameters and the updated mode shapes correlation, Sometimes a better model is found
for bad reasons! Nevertheless, the results lead to a good confidence in the Finite Element
Model in the frequency band of interest. The end of the chapter is dedicated to the theo-
retical aspects of both the identification and the updating techniques, showing that the
author did not only use existing tools, but went really "inside" to understand and handle
them,

The third chapter intends to use the model previously built and validated to evaluate the
influence of the press-fitting control on the dynamic response. A cylindrical steel beam is
added on the implant without proper explanations, probably by similarity with previous
studies on dental implants. Preliminary simulations are performed and reveal that the
implant and the beam low frequency dynamics do not lie in the same frequency region. A
pragmatic choice is then made to take into account the contact surface, More sophisticat-
ed ways to do it could have been imagined, but the reviewer agrees with the reasons
given by the author, i,e, keep a simple and linear approach to get first trends. A sensitivi-
ty analysis is performed with respect to the contact surface and the dynamic behavior is
examined on the five first modes, The results show that the sensitivity is very low, which

2/4
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l1w$ryleflts:

is a little bit disappointing. It allows nevertheless to conclude that more complex modes
seem to lead to higher sensitivity.
The reviewer appreciated this part of the work, in the modern trend of "model based test
design", Many more studies could have been performed using the validated Finite Ele-
ment Model in order to explore the problem, understand the physics, improve the setup...
We guess that time constraints have limited the analyses, but future works could be con-
sidered to get benefit of the high quality model.

The chapter 4 presents an experimental analysis of the impact of the press-fit control on
the dynamic behavior of the implant-bone system. The experimental protocol is well de-
scribed, and represents a large amount of tests. The vibration analyses are performed
directly on the cup without any beam, probably because of the conclusions of the previ-
ous chapter (although it is not clearly indicated), The Frequency Response Function
measurements are classical, but then extensive and high level data processing is per-
formed: mode filtering, clustering and tracking, Principal Component Regression... An
interesting result is found through the correlation between the polar gap value and the
cumulated impact force, But the frequency and damping results are found to be useless
for diagnostic: the low frequencies sensitivity is low as expected from the numerical
study, and the high frequency modes identification suffers from a low signal to noise ratio
leading to difficulties for identifying and tracking them. It is nevertheless confirmed that
high order modes are more sensitive than low order ones. Damping ratios show no evi-
dent trend, which is normal as their low values imply a large sensitivity to all kind of un-
certainties (and they differ probably very much from real in vivo conditions), To try to go
further, the mode shape correlations are examined through multivariate analysis, Unfor-
tunately, the results are quite hard to interpret, Finally an analysis is tried direcfly from
the Frequency Response Functions by using a Partial Least Square Regression approach,
leading to similar results.

This pad reveals an impotant and original research work, performed with high level data
processing techniques. The results are not those expected, as usual in scientific explora-
tions of complex problems, They are nevertheless valuables for the scientific community,
and show that effofts are still to be oone.

The fifth chapter gives a brief description of an original experimental device for measur-
ing the dynamic behavior of acebular and femoral components, Very few details are giv-
en, perhaps because of confidentiality issue? Technically, the proposed device looks
promising with integrated piezoactuator, accelerometer and wireless connectivity, It is
furthermore compatible with the medical environment according to ISO 60601, which
required probably numerous efforts on its design. An example of measurement would
have been appreciated to fully convince the reader.

The sixth and last chapter consists of a summary of the whole research work, recalling
the main results which were obtained, It confirms, if it was necessary/ that a large
amount of analyses were performed thanks to high level methods and techniques from
various disciolines,
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As a conclusion, the reviewer can state without any doubts that this research work is
impoftant and valuable, The multi-disciplinary aspect of the project has necessitated the
candidate to learn a lot in both biomedical science, mechanical engineering (including
numerical and experimental techniques), data processing... The dissertation shows that
he could reach a high level of expertise and handle complex and modern scientific tools,
The interpretations of the results are generally pertinent and always honest, even when
limitations are encountered. The ambitious objectives are not fully reached, but much
has been done and original knowledge has been produced, as it is confirmed by the re-
lated scientific publications,

The written thesis is of a standard consistent with a PhD, the reviewer fully au-
thorizes the oral defense.

Summary of the questions which could be addressed during the defense:

Chapter 2
- What are the conclusions of the mesh convergence analysis? Which mesh density

has been chosen for the next steos?
- Were the modal tests of MIMO or MISO type?
- How were the Rayleigh coefficients obtained? How representative is the Rayleigh

damping model? Is it used in the next steps?
- After the model calibration, do the updated parameters look physically consistent?

The mode shapes are they slighily or strongly modified?
Chapter 3

- If the validated model was now used to evaluate new strategies or designs, how
would the author proceed? What would he propose?

Chapter 4
- Has the author an idea about a possible way to modify the design such that the

low frequency modes become sensitive to the initial fixation?

Besangon, France, Novembre 3rd 2015.

Emmanuel FOLTCTE

Full Professor

Ecole Nationale Sup6rieure de M6ca-
nique et des Microtechniques (ENSMM)

Director of the Applied Mechanics De-
paftment of FEMTO-ST Institute

Em ma n uel. Foltete@femto-s.fr

4/4


