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Part 1: Université Laval

 Me, past and present

 UL, Quebec City and Canada

 Research activities and its management

 UL and UTM

 Academic challenges in Canada

Outline 2

Part 2: Biomaterials*

 Metallic biomaterials

 Biodegradable metals

*To facilitate a fruitful discussion, please read a brief introduction to metallic biomaterials: 
http://iomm.org.my/materials-mind/scientific-article-3-introduction-to-metals-for-medical-devices

http://iomm.org.my/materials-mind/scientific-article-3-introduction-to-metals-for-medical-devices


BS+MS, 2002 PhD, 2009 Postdoc, 2010 Lecturer, 2014

Chartered Engineer

2013

Cathodic Protection

2013

Electrochemical Impedance Spectroscopy

2016

My trajectory 3



Research interest:
 Novel biodegradable materials
 Electrochemical degradation studies
 In vitro cell-material interactions
 In vivo degradation monitoring

(octobre 2010 – juillet 2014)

Previously with UTM 4
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*Check your Scopus profile: https://www.scopus.com/search/form/authorFreeLookup.uri
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Citation metrics* 5

*As per 02/07/2016

https://www.scopus.com/search/form/authorFreeLookup.uri


Now with UL 6

https://sites.google.com/site/hendrahermawan

https://sites.google.com/site/hendrahermawan


Université Laval

Where is UL? 7



The big family of UL

16 faculties covering all fields of study, making it a comprehensive university:

 Faculty of Agriculture and Food Sciences

 Faculty of Arts and Human Sciences

 Faculty of Business Administration

 Faculty of Dentistry

 Faculty of Education

 Faculty of Forestry, Geography and Geomatics

 Faculty of Law

 Faculty of Medicine

 Faculty of Music

 Faculty of Nursing

 Faculty of Pharmacy

 Faculty of Philosophy

 Faculty of Planning, Architecture, Arts and Design

 Faculty of Science and Engineering

 Faculty of Social Sciences

 Faculty of Theology and Religious Studies
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www.cameo.ulaval.ca



The force of UL 9

Source

http://www2.ulaval.ca/fileadmin/ulaval_ca/Images/recherche/Documents/plan-developpement-recherche-2015-2020-anglais.pdf


Research management at UL 10

Source

Vice-rectorat à la recherche et à la création (VRRC)

http://www2.ulaval.ca/la-recherche/vice-rectorat-a-la-recherche-et-a-la-creation-vrrc/vice-rectorat-a-la-recherche-et-a-la-creation-vrrc.html


Research support 11

Dedicated research support team*

 Équipes des facultés:

 Conseillers de première ligne
Provide all necessary support for a succesful funding application: notify

professors for every funding opportunity, provide advice and details, liase

with funding agencies via VRRC, verify eligibility and conformity of an 

application before final submission, including proof read.

 Équipes du VRRC:

 En soutien aux facultés et aux chercheurs

 Rôle varie selon que les facultés sont

 Décentralisées: Faculté des sciences et de génie

 Non décentralisées

www.ici.radio-canada.ca
*majority is former employee of funding agencies



Research funding agencies 12

 The 3 federal councils (health, science/engineering, social/humanities):

 Canada-international:

etc…

 Provincial government (10 provinces, 3 territories):

etc…

 Foundations and philanthropies:

etc…

Discovery grant, infrastructure, industrial collaboration, chairs, etc.

Establishment of new professor, univ-college-SME fund, etc.

Leadership grant, ~250k-20M equipment, etc.

Globalink fund, inbound/outbound students mobility, etc.

*Each logo is linked to its website

http://www.nserc-crsng.gc.ca/index_eng.asp
http://www.nserc-crsng.gc.ca/index_eng.asp
http://www.cihr-irsc.gc.ca/e/193.html
http://www.cihr-irsc.gc.ca/e/193.html
http://www.sshrc-crsh.gc.ca/home-accueil-eng.aspx
http://www.sshrc-crsh.gc.ca/home-accueil-eng.aspx
https://www.mitacs.ca/en
https://www.mitacs.ca/en
https://www.idrc.ca/en/
https://www.idrc.ca/en/
http://www.awb-usf.org/
http://www.awb-usf.org/
http://www.scholarships-bourses.gc.ca/scholarships-bourses/index.aspx?lang=eng
http://www.scholarships-bourses.gc.ca/scholarships-bourses/index.aspx?lang=eng
http://www.frqnt.gouv.qc.ca/en/accueil
http://www.frqnt.gouv.qc.ca/en/accueil
http://www.frqs.gouv.qc.ca/en/
http://www.frqs.gouv.qc.ca/en/
https://www.ontario.ca/page/ontario-research-fund
https://www.ontario.ca/page/ontario-research-fund
http://www.gov.bc.ca/citz/technologyandinnovation/Funding/BCKDF/
http://www.gov.bc.ca/citz/technologyandinnovation/Funding/BCKDF/
http://www.heartandstroke.com/
http://www.heartandstroke.com/
https://www.innovation.ca/
https://www.innovation.ca/
http://www.asiapacific.ca/
http://www.asiapacific.ca/
http://www.kidney.ca/
http://www.kidney.ca/


Research activity 13

Assistant Professor: Teaching function
Dept. of Mining, Metallurgical & Materials Engineering

Laval University.  LINK

Researcher: Research function
Axis of Regenerative Medicine

CHU de Québec Research Center. LINK

Research group at university level unifying interdepartmental professors: 
Gaétan Laroche, Michèle Auger, Élodie Boisselier, Josée Brisson, Marc-André Fortin, Jesse 

Greener, Hendra Hermawan, Freddy Kleitz, Mario Leclerc, Diego Mantovani, Jean-François 

Morin, Roxane Pouliot, Bernard Riedl, Anna Ritcey, Denis Rodrigue. LINK

Research group at provincial level unifying interuniversity professors: 
Université Laval, Université de Sherbrooke, UQTR, UQAM, CNRC Boucherville, INRS-

Énergie, Université Concordia, Université de Montréal, UQAR, Université McGill, École des 

technologies supérieures, Collège militaire royal du Canada, Cégep Garneau, Cégep de 

Sherbrooke, Cégep de Thetford, Institut national d’optique. LINK

Canada Research Chair Tier-1: Biomaterials and Bioengineering for the 

Innovation in Surgery
Chair holder: Diego Mantovani. Fellow: Hendra Hermawan. Associates: Danielle Pezzoli, Carlo 

Paternoster. Postdocts: Ranna Tolouei, Agung Purnama. LINK

Research network at national level unifying interuniversity professors: 
Université Laval, University of British Columbia, University of Alberta, University of Toronto, 

Dalhousie University. LINK

http://www.gmn.ulaval.ca/departement-et-professeurs/direction-et-personnel/professeurs/fiche-professeur/show/hermawan-hendra/
http://www.crchudequebec.ulaval.ca/recherche/chercheurs/21735
http://www.cerma.ulaval.ca/
http://www.cqmfscience.com/
http://www.ibiomat.ulaval.ca/
http://www.ncprm.ulaval.ca/


Among 4 UL affiliated research centers 14

http://www.crchudequebec.ulaval.ca

St-François d’Assise

St-SacrémentEnfant JesusL’hôtel Dieu

Genomic center CHUL

5 hospitals

http://www.crchudequebec.ulaval.ca/


Regenerative Medecine 15

http://www.crchudequebec.ulaval.ca

Tissue engineering

Surface modification

MicromechanicsSoft and hard tissues

http://www.crchudequebec.ulaval.ca/


Biomaterials lab 16

 Surface modification

 Plasma coating of polymers on metals

 Metal ion implantation 

 Vascular tissue engineering

 Polymers scaffold for blood vessel

 Soft tissue biomechanics

 Inert metallic biomaterials

 Surface treatment of SS, Ti, Co alloys

 New process for semi-finished metal products

 Biodegradable metals

 New alloys development

 New applications

Research directions:
G. Laroche, D. Mantovani, H. Hermawan

Mach-1

Clean room Cell culture

Plasma CVD

XPS SEM



Graduate studies 17

PhD Metallurgy/Materials (GMN/GML) Source

Obligatory credits:
 GML-8000 Examen de doctorat 6

 GMN-8001 Séminaire de doctorat I 1

 GMN-8002 Séminaire de doctorat II 1

 GMN-8003 Séminaire de doctorat III 1

 Elective courses 9

 Research activities 78

Total minimum credit 96

Selection criteria:
Excellence candidature (academic transcript BS, MS, reference letters, CV, publications, etc.)

Competence linguistic:
Candidate must show capability in communicating either in French or English (TOEFL >500)

Research direction:
Pre-approval from potential supervisor

Research domain: 
Métallurgie physique et science des matériaux, technologie et aluminium, biomatériaux et bio-

ingénierie, ingénierie de surface, imagerie médicale

http://www.fsaa.ulaval.ca

Apply for admission

https://www2.ulaval.ca/les-etudes/programmes/repertoire/details/doctorat-en-genie-des-materiaux-et-de-la-metallurgie-ph-d.html
https://www2.ulaval.ca/en/admissions/apply-for-admission.html


Cost of studying at UL 18

Source

1All foreign PhD students are eligible for this exemption.

UL students housing

UL sports center

https://www2.ulaval.ca/en/future-students/education-costs-and-financing/fees-and-budgeting.html


+Financial support for students* 19

PhD GMN/GML at FSG UL

 S1-S2: Welcome grant (for foreign students, $1,000/season) $ 2,000

 S3-S9: Support grant ($500/season) $ 3,500

 S1-S4: Seminar 1 (1 time) $    500

 S1-S5: Predoc exam (1 time) $    500

 S1-S9: Publication (1 time) $    500

 S1-S12: Conference (1 time) $    500

 S1-S14: Thesis submission (1 time) $ 1,000

*S = season Total support/student $ 8,500

Source

*On top of scholarship received by students from other sources (government, NGO or supervisor). 

http://www.fsg.ulaval.ca/fileadmin/fsg/documents/PDF/Bourses-reussite-FSG-2014-2015.pdf


Academic challenges 20



Academic challenges 21

1. Win the competition:
 Sending applications for getting interviewed

 Beating all competitors: PhD++

 5 years contract (tenure-track)

 Assistant Professor

2. Get the tenure:
 Fulfilling all requirements within the given time

 Teaching, research*, internal participation

 *external funding, graduate students, publications

 Associate Professor

3. Go international:
 Excellence in teaching, research, external* participation

 *world leader in the field, international reputation and network

 Full Professor



More…

UL-UTM collaboration 22

The latest

The first

The highest

More…

More…

More…

https://sites.google.com/site/hendrahermawan/results-and-discussions/complete-list-of-publications


UL-UTM collaboration 23



Discussion 24

Next … Part 2: Metallic biomaterials from inert to biodegradable



Biomaterials

orthopaedic
cardiovascular

dental
craniofacial
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Hermawan H. Biodegradable Metals: From Concept to Applications. Springer, 2012

Type of biomaterials 26



Metallic biomaterials

Hermawan H. Biodegradable Metals: From Concept to Applications. Springer, 2012

27



Paradigm shift: 

Inert biomaterials SS316L, Ti alloys, Teflon, Zirconia, etc.

Inert + bioactivity

HA coated Ti-6Al-4V, Teflon coated SS316L, etc.

Biodegradable

PLGA, TCP, Mg alloys, etc.

Advances in biomedical/biotechnology

B
io

m
a
te

ri
a
ls

 e
v
o
lu

ti
o
n

Biomaterials evolution

Hermawan H. Biodegradable Metals: From Concept to Applications. Springer, 2012
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http://www.circulation.or.kr/info/case/201010/fig3.jpg

If after healing the screws disappear …

 We don’t need a second surgery

 We can avoid the stress shielding problem

 Bone returns to its normal biomechanics condition

http://ijoonline.com/articles/2011/45/5/images/IndianJOrthop_2011_45_5_454_83953_f3.jpg

http://www.orthomed.co.uk

29



How shall they perform?

 Provide a temporary mechanical support

 Degrade progressively

 Do not cause problem of toxicity (but +biofunctionnalities)

https://www2.aofoundation.org/wps/portal/surgery

30



Idealization for hard tissue

Fig. 6.5: Schematic diagram showing ideal behavior of biodegradable metal implants for bone 

fracture fixation. Degradation rate stays low during the first 3-6 months and increases thereafter, 

and mechanical integrity stays relatively constant during the same period and progressively 

deteriorate thereafter.

31

Biomaterials and Medical Devices: A Perspective from an Emerging Country, Springer, 2016.
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2012

Biodegradable metals: Definition 32



AMS Biotronik

Product prototypes 33



Biodegradable metals: Elements 34








Biodegradable metals: Properties

Metal

Mechanical properties Degradation 

rate*

(mm/year)
E

(GPa)

YS

(MPa)

UTS

(MPa)



(%)

Pure magnesium (annealed) 45 30 100 7 8

Mg-Al (AZ31, extruded) 175 250 14 2.0

Mg-RE (WE43, extruded) 180 280 10 4.34

Mg-1Ca (extruded) 135 240 10 1.4

Mg-1Zn (rolled) 160 240 7 1.52

Pure iron (annealed) 200 150 200 40 0.2

Pure iron (electroformed annealed) 270 290 18 0.75

Fe-35Mn (PM annealed) 230 430 30 0.44

Fe-10Mn-1Pd (forged) 850 1450 10 0.42

Fe-30Mn-6Si (cast) 180 430 17 0.3

Pure zinc 100 - 20 0.3 0.5

Zn-1Mg (cast) - 150 2 0.20

Zn-1Mg (extruded) 170 250 11 0.12

Zn-3Mg (ECAP)** 205 220 6 0.28

35

Biomaterials and Medical Devices: A Perspective from an Emerging Country, Springer, 2016.



Consideration

 Toxicity: 

High daily allowance level: 700 mg 

Essential element: enzyme activator, protein co-regulator

 Degradability: 

Degraded in physiological condition via corrosion:

Mg + 2H2O  Mg(OH)2 + H2

Challenge: high degradation rate, hydrogen gas formation

 Mechanical property: 

Light weight: 1.74 g/cm3

Low elastic modulus: 45 GPa near to that of bone (~30 GPa) 

Challenge: low strength and ductility

Biomaterials and Medical Devices: A Perspective from an Emerging Country, Springer, 2016.

Magnesium and its alloys 36



Fischerauer SF, et al. In vivo degradation performance of micro-arc-oxidized magnesium implants: A micro-CT 

study in rats. Acta Biomater 9 (2013) 5411.

μCT Mimics® 3D reconstructions of the implant site for ZX50 and MAO implants; gas

bubbles are visible in light blue.

Mg alloy pin 37



Mg alloy screw

Fig. 4: Fig. 4. Clinical 

observation of complete 

degradation and bone healing 

of Mg alloy (Mg-5wt%Ca-

1wt%Zn) screw over a 1-y

period. 

38

“Controlled degradation of Mg-

5Ca-1Zn alloy results in the 

formation of biomimicking

calcification matrix at the 

degrading interface to initiate the 

bone formation process. This 

process facilitates early bone 

healing and allows the complete 

replacement of biodegradable 

Mg implant by the new bone 

within 1 y of implantation, as 

demonstrated in 53 cases of 

successful long-term clinical 

study.” 

Lee J-W, et al. Long-term clinical study and multiscale analysis of in vivo biodegradation mechanism of Mg alloy. 

PNAS 113 (2016) 716–721.



Consideration

 Toxicity: 

Essential element: oxygen transport, component of metalloprotein

Medium daily allowance level: 20 mg 

Challenge: excessive presence causes liver toxicity

 Degradability: 

Degraded in physiological condition via corrosion:

2Fe + O2 + 2H2O  2Fe(OH)2

Challenge: low degradation rate

 Mechanical property: 

High strength and ductility

High elastic modulus: 200 GPa

Biomaterials and Medical Devices: A Perspective from an Emerging Country, Springer, 2016.

Iron and its alloys 39



Well integrated, degradation processes caused no 

obvious harm to the neighboring tissues.

Low oxygen content in the vicinity of the implants 

+ dense degradation products = slow in vivo corrosion

Because of the relatively slow degradation of the alloys, their suitability for bulk 

temporary implants such as those in osteosynthesis applications appears 

questionable.
Acta Biomaterialia 10 (2014) 3346–3353.

Iron alloy for pin 40



Strategies to prevent or dissolve those layers need to be developed to expedite the in 

vivo corrosion of FeMn alloys.

J Biomed Mater Res Part B 103B (2015) 649–660.

 In vitro: Fe-0.5Mn, Fe-2.7Mn, 

Fe-6.9Mn alloys exhibit good 

mechanical and corrosion 

features + suitable 

biocompatibility.

 In vivo: even after 9 months 

no significant corrosion was 

detectable. 

 Reason: formation of passive 

layers (FeMn phosphates)

Iron alloy for stent 41



Scientific Reports 5 (2015) 11194. DOI: 10.1038/srep11194.

 PLGA controls corrosion rate, 

faster corrosion was achieved.

Materials Science and Engineering C 36 (2014) 336–344.

 Bioactivity toward bone was improved, 

but corrosion rate was not accelerated.

Iron composites 42



Yusop AHM, et al. Controlling the degradation kinetics of porous iron by poly(lactic-co-glycolic acid) infiltration 

for use as temporary medical implants. Scientific Reports 5 (2015) 11194.

Figure 5 Human skin 

fibroblast cells detached 

from: (A) pure-Fe, (B) 

HA/PCL-Fe, (C) HA-Fe 

samples.

Daud NM, et al. Degradation and in vitro cell–material interaction studies on hydroxyapatite-coated 

biodegradable porous iron for hard tissue scaffolds. J Ortho Trans 2 (2014) 177.

Iron foam for scaffolds 43



Consideration

 Toxicity: 

Essential element: trace elements in many enzymes

Medium daily allowance level: 15 mg 

Challenge: excessive presence causes neurotoxicity

 Degradability: 

Degraded in physiological condition via corrosion:

2Zn + O2 + 2H2O  2Zn(OH)2

Challenge: modulate degradation rate?

 Mechanical property: 

Elastic modulus: 100 GPa

Challenge: low strength and ductility

Biomaterials and Medical Devices: A Perspective from an Emerging Country, Springer, 2016.

Zinc and its alloys 44



Gong H, et al. In vitro biodegradation behavior, mechanical 

properties and cytotoxicity of biodegradable Zn–Mg alloy. 

J Biomed Mater Res Part B 103B (2015) 1632. Kubásek J, et al. Structure, mechanical characteristics 

and in vitro degradation, cytotoxicity, genotoxicity and 

mutagenicity of novel biodegradable Zn–Mg alloys. 

Mater Sci Eng C 58 (2016) 24.

Mechanical property enhancement via extrusion

Zn-Mg alloys 45



Murni NS, et al. Cytotoxicity evaluation of biodegradable Zn-3Mg alloy toward normal human osteoblast cells. 

Mater Sci Eng C 49 (2015) 560.

Toxicity of Zn-3Mg alloy 46



Mechanical property enhancement via ECAP

Condition Tensile strength 

(MPa)

Yield strength 

(MPa)

Elongation (%) Young’s 

modulus (GPa)

As cast 84 ± 9 65 ± 9 1.3 ± 0.3 132 ± 4

Homogenized 46 ± 1 36 ± 3 2.1 ± 0.1 84 ± 3

1-ECAP 153 ± 4 137 ± 2 4.6 ± 0.5 205 ± 9

2-ECAP 220 ± 3 205 ± 4 6.3 ± 0.9 210 ± 8

Zn-3Mg alloy

Dambatta MS. PhD thesis. 

University of Technology Malaysia. 2015

Zn-3Mg alloys 47



 Web of Science core collection: publications on biodegradable metals 

for biomedical applications 

 Up to 2005 <50 

 Over the past 10 years >2,000

 Researchers in academia and industries see their potential to 

revolutionize the medical products. 

 They are working on developing new standards (ISO, ASTM) in 

collaboration with the FDA.

 The development is fostered by the advancing knowledge in MSE, 

corrosion and metal technology, AND ...

 Enthusiastic ~120 researchers who gathers each year for a full week 

meeting in secluded place discussing the field.

Biodegradable metals: Facts and figures 48



Map of biodegradable metals related research groups in 2012,

based on publications indexed in Scopus.

Biodegradable metals: Map 49



Recent selected research papers:

 Long-term clinical study and multiscale analysis of in vivo biodegradation 

mechanism of Mg alloy. (Proceedings of the National Academy of Sciences, 

January 2016). LINK

 Controlling the degradation kinetics of porous iron by poly(lactic-co-glycolic acid) 

infiltration for use as temporary medical implants. (Scientific Reports, June 2015). 

LINK

 Development of biodegradable Zn-1X binary alloys with nutrient alloying elements 

Mg, Ca and Sr. (Scientific Reports, May 2015). LINK

Recent selected review papers:

 Iron and iron-based alloys for temporary cardiovascular applications. (Materials in 

Medicine, February 2015). LINK

 Recent advances on the development of magnesium alloys for biodegradable 

implants. (Acta Biomaterialia, November 2014). LINK

 Biodegradable metals. (Materials Science and Engineering R, March 2014). LINK

Recent papers 50

http://www.pnas.org/content/113/3/716.short
http://www.nature.com/articles/srep11194
http://www.nature.com/articles/srep10719
http://dx.doi.org/10.1007/s10856-015-5473-8
http://dx.doi.org/10.1016/j.actbio.2014.07.005
http://dx.doi.org/10.1016/j.mser.2014.01.001


2012

LINK

2014

LINK

2015

LINK

Books 51

http://www.springer.com/gp/book/9783642311697
http://www.springer.com/gp/book/9783319021225
https://www.crcpress.com/Magnesium-Alloys-as-Degradable-Biomaterials/Zheng/9781466598041


ASTM standard (draft) 52



http://kmat.nayana.kr

Cortex screw

Headless screw

K-MET Clinical result 

Commercial products 53

http://kmat.nayana.kr/


http://www.syntellix.de

Magnezix Clinical result 

Commercial products 54

http://www.syntellix.de/


http://www.biotronik.com DREAMS

(DRug Eluting Absorbable Metal Scaffold)

DREAMS Clinical result 

Commercial products 55

http://www.biotronik.com/
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 Prof. Deni Noviana, IPB

 Dr. Syafiqah Saidin, UTM
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