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The Effect of BMP-6, Thermosensitive Chitosan Nanogel and
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Abstract

The microstructure and mechanical properties of the high strength Fe-5Cr-2Mn-0.15C biomedical
alloy were investigated by means of optical microscopy, electron microscopy, hardness and tensile
testing. Based on the research results, the microstructure of the alloy underwent solution heat-treatment
at 1100° C for 30 min was a single lath-like martensite structure. No other precipitates could be found in
the matrix of the as-quenched alloy. The lath-like martensite phase belongs to BCC structure with
lattice constant 0.287 nm. The as-quenched alloy following low temperature tempering at 120°C for 8 h
exhibited the maximum tensile strength (~1500 MPa), yield strength (~1440 MPa), elongation
(~13.7%) and hardness (~Hv 400). After aged at temperatures ranging from 450°C to 650°C, the
mechanical properties of the alloy decreased with increasing the aged temperatures and soaking times.
It was found that the ferrite (o) phase was formed in the matrix of the alloy aged at 450°C, and the
amounts and grain sizes of the a phase increased with increasing the aged temperatures and soaking
times. Therefore, the a phase plays a crucial role in decreasing the mechanical properties of the Fe-5Cr-
2Mn-0.15C biomedical alloy. It is believe that the high strength Fe-5Cr-2Mn-0.15C biomedical alloy is
a potential material for implants and dental orthodontic devices applications.

Introduction
Ferrous-based alloys, including Fe-Ni-Cr and Fe-Al-Mn, are adopted extensively in such

orthopedic and dental implants because of their favorable mechanical characteristics and excellent
biocompatibility. A dense oxide layer is the main factor resulting in the excellent biocompatibility. The
oxide layer is always present in oxidizing media as in the human body fluid, and rebuilt with in
milliseconds after damaging. Moreover, our previous studies have also reported that some carbides
were formed on Fe-Al-Mn and Fe-Al-Mn-C-base alloys, following phase transformation by heat-
treatment and surface functionalization. These carbides have important role in forming nanostructure
and oxidation layer, then increasing the alloy biocompatibility. Hence, the ferrous-based alloys could
be used as alternative to some expensive metal-based biomedical alloys (such as Ti-based alloys and
Co-based alloys) in clinical usage, due to its price advantage and mechanical properties. Recently, we
have attempted to development a high-strength, well corrosion resistance good biocompatibility and
cheaper ferrous-based biomedical alloy. It was found that the Fe-5Cr-2Mn-0.15C (Fe-520) alloy
possess theses attractive properties. In the Fe-520 alloy system, Cr addition can improves the corrosion
and oxidation resistance behavior. The addition of Mn increases solution strengthening and enhances
mechanical properties at high temperatures. C plays an important role for promoting precipitating
strength of ferrous-based alloys. It is generally concluded that the Fe-520 alloy possesses excellent
properties such as high-strength, good corrosion and oxidation resistance, superior workability, and
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price advantage. Thus, it could be developed as a promising potential ferrous-based biomedical alloy.

However, as a potential biomaterial, understanding the microstructure transition behavior and

mechanical properties are great importance in the applications. Moreover, the microstructure feature

has also significantly influence on the biocompatibility and corrosion resistance of the alloy. Therefore,

the purpose of the present study is to investigate the microstructure and mechanical properties of the

Fe-520 biomedical alloy and thus provide related information for biocompatibility and corrosion

resistance tests in the future.

Materials and Methods

Materials
Fe-5Cr-0:15C
Fe-5Cr-2Mn-0.15C

(d 40 mm x 100 mmy)

|

Heat-treatment
from 450 C 1o
1100 C for various
times

!

Polishing + etching

Physics
&

Chemistry
properiy

Tensile test
Hardness test
Damping test

OM
SEM

'EM

Micro-hardness of the
as-quenched Fe-5Cr-0.15C
alloy aged at temperatures
ranging from 450°C to
700°C for various times.

Mechanical properties

Heat-treatment
Tempering 120°C-8 h
Tempering 220°C-8 h

Tempering 120°C-8
hand aging 450°C-8 h
Tempering 220°C-8
hand aging 550°C—8 h

Tensile strength
(MPa)

1500

1460

1450

1000

Yield strength Elogation
(MPa) (%)
1440 13.5
1390 13.6
1350 14.9
890 21.6

(a) a zone axis [111] bright-field image taken from the matrix of the as-quenched
Fe-5Cr-2Mn-0.15C alloy, (b) the o' martensite DF and (c) a zone axis [111] SAEDP

taken from the ' martensite in (a).

e

(a) a zone axis [001] bright-field image taken from the
matrix of the as-quenched Fe-5Cr-2Mn-0.15C alloy aged

a.r el

at 650°C for 8 h, (b) the & phase DF.

Optical micrograph of the
as-quenched Fe-5Cr-2Mn-0.15C
alloy.

(a) a zone axis [111] bright-field image taken from the

matrix of the as-quenched Fe-5Cr-2Mn-0.15C alloy tempered
at 120°C for 8 h and (b) the tempered martenite phase DF.
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(a) a zone axis [113] bright-field image taken from the (a) a zone axis [111] bright-field image taken from the
matrix of the as-quenched Fe-5Cr-2Mn-0.15C alloy matrix of the as-quenched Fe-5Cr-0.15C alloy tempered at
tempered at 220°C for 8 h and then aged at 650°C for 8 h (b) 120°C for 8 h (b) the tempered martenite phase DF.

the @ phase DF.

Results and Discussion

0o —_—
—0—450°
—o— 500
r —_— 65501
Z S - =800
= A — = —0— 650
3 : \% =700
—k—\*\__ ]
—-—__‘——___ 4
£ \
3
z \
—_— —— e { R \‘—__—
0 : : ' ' T
Soaking times (h) Soaking times (h)

Micro-hardness of the Fe-5Cr-2Mn-0.15C alloy with various heat-treatments: (a) as-quenched,
(b) as-quenched then tempered at 120°C for 8 h, and (c¢) as-quenched then tempered at 220°C for 8 h.

Heit-teatinent Icmi‘!;l::l':'uglll Y lvlﬁ\;l':-:rglh lﬂ'(:i:j:l]mrl
ARquenched 1280 1210 13.1
1100°C-30 min
| aging 450°C-1.5h 1170 1105 16.4
aging 450'C-2.5h 1185 1115 16.1
aging 450°'C-13.5h 1195 1120 15.9
aging 550°C—1.5 h 1120 1045 154
| aging 550°C-2.5h 1345 1070 17.3
aging 550°C-13.5 h 1170 1095 19.2
aging 650'C-1.5h 755 730 16.2 1
aging 650'C-2.5h 705 675 18.6 | (a)azoneaxis [001] bright-field image taken from the matrix
| aging 650°C-13.5h 640 610 4.2 of the as-quenched Fe-5Cr-2Mn-0.15C alloy tempered at
120°C for 8 h and then aged at 650°C for 8 h (b) the @ phase DF.
Conclusion

® The best processed condition of the Fe-5Cr-2Mn-0.15C alloy is low temperature tempering at 1200C
for 8 h after solution treatment. The tensile strength 1450~1500 MPa, yield strength 1385~1440 MPa
and elongation 13.5~13.7%.

® The as-quenched Fe-5Cr-0.15C alloy tempered at 1200C for 8 h possess the maximum mechanical
properties (tensile strength 1360~1365 MPa, yield strength 1250~1300 MPa and elongation
17.5~18.3%). It was found that the Fe-5Cr-0.15C alloy without Mn, the tensile strength descend is
about 90~135 Mpa.

® The microstructure of alloy is mar-tempering structure by treating at 11000C for 30 min. Its crystal
structure belongs to the BCC structure t. The lattice constant is 0.287 nm.
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Abstract
The microstructure and mechanicnl properties of the high strength Fe-SCr-2Mn-1L15C bi lical alloy were igated by means of optical microscopy, electron microscopy, hardness
and tensile testing. Bused on the research results, the microstructure of the alloy underwent solution heat-treatment st 1100°C for 30 min was a single Inth-like martensite structure. No other
precipitates could be found n the matrix of the sx-guenched alloy. The Lith- 287 am. The as-guenched alloy following
low rempernture tempering at 120°C for 8 h exhibited the maximum tensile strength (<1500 MPa), yield strength (~1440 MPa), elongation (~13.7%) and hardness (~Hv 400). After aged at
temperatures ranging from 430°C to 650°C, the mechanical properties of the alloy decreased with increasing the aped temperature sonking times, [t was found that the fi  (u) phase
was formed in the matrix of the alloy aged at 450°C, and  the anmounts and grain sizes of the o phase incrensed with increasing the aged temperntures and soaking times. Therefore, the o
phase pln}t a rrm'lnl 'rnle in decrensing the mechanicsl properties of the Fe-SCr- -0,15C biomedicnl slloy, It is believe that the high strength Fe-SCr-2Mn-0.15C biomedical alloy i
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INTRODUCTION

Posterior Maxillatbone quality® A &EIE%8 - cancellous bonefdensitytRIE [ 5F
1,2) - EREFTHHRFTRAB posterior maxillary region - BHijaw boneRjvertical
resorption &maxillary sinusfpneumatic enlargement - EFEEER —EREMW cortical
bone#low densityfcancellous bone (5£3,4] - EItEmechanical resistancefR1E (&
5) - BR#l 7 #implantisupport (5£6,7,8,9]) - EME/E Hsinus flooraugmentationRiE /N
vertical bone level - UAREF WIEMEWHHIZEE (5£10) - sinusaugmentationt? # & FA
Hsafe procedure & predictable outcomes (§£11,12,13) -

RZMRH S ZRFaugmented sinus flooribone resorptiontB¥f it non-augmented
sinus floor#8 B & /> (§514,15,16,17,18) - BEREBRKEEEERE R EEE#RKRHLAE
BEZER - BRZEBEER Bsinus flooraugmentation# Rl Zimplant bed 2R INA (5F
19,20) - #FRl#E Ratrophicjaw bonein the posterior maxilla - Ziaugmented materials+~
& Eautogenous bone * HA / autogenous bone mix - HA/DFDB mixz; B % & A HA -
implant survival ratestg#831 (5521]) -

MR B RERposterior maxillary regionfbone quality®Z - One stage implantZEnon-
augmentation population ( crestalbone height#s - EEBEITHNEA ) WBFTXRERS (&
22,23,24,25,26,27,28) - ffaugmentation populationfI BT KM ERIRE - FosE 2 L8
delayed augmentation ° #E1& AimplantZAi - poorest bone volume were successfully
rehabilitated ; augmentation population®one stage implant& £ #two stage implanti i
MEEZAZ (5£13] -
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BRI+ ER - 5—&EE@m"graft-free (graftless) sinus augmentation" th & 1R #Y 8%
& - 7 Schneiderian membraneZ FEli& tspace - BERRE A graft materials (7529) R
Emblood clot (7£30,31,32,33) Stabsorbable gelatin sponge (5£34) - #AMRENnew
bone formation K AR stability - A FER R "space maintaining devices"# Esinus
space - A Egraft materialsth B Ibone formation - B RIA"space maintaining
devices"BH "titanium bone fixation device" [535] 5 "hollow HA space maintaining
devices" (5£36] - "graftfree sinusaugmentation"—E M= R ESchneiderian membrane’t
B T HA"innate osteogenic potential" (5£37,38,39,40,41) -

1975%Dr. Tatum&xF /T 48" Crestal approach
technique" [5f42] ; 1980%FBoyne and James &%
7T #8"Lateral Window technique" [5¥43) - Smi&Efl
I (Fig.1)ZABHindication Kcontra-indication - 1B H
REZRE MBIBAEXKFENERE  AMBEERR
5 B EMAMRAEE - Sinus Lift Wit X MR ER %
e EE - DUNEMERR  BERSBEXE - AXKE
hiREIsinus liftI=KE =& :

(1)Crest Approachi#yBone Height (CBH) PRl
(2)Crest Approachiy Bone Width (CBW) BR#l
)t EERF/HBMGBR

(1)Crest ApproachfBone Height (CBH) PR i

CA) DIBT¥ R Crest Approachfii X #Sinus LiftAy

PRAEIER B 1& - KEFZEEECrest Bone Helght Treatment Approach Methods
(CBH)F‘EE%J:(ng) ’ E‘CBH>7mmﬂ% ’ aEE CBH Procedure Implant Bone graft
crest?Rapproach - ERFZEHEEA Osteotome with Implants  Filler

Osteotome Esinus |Ift1§ TE?KEQA*EHE . Lateral W. with Implants Auto/Filler
Lateral W. No Implant Auto Bone

ECBHMR3A7mmBE R - BIFEEAIE (lateral

window) - T B AELE ; ECBH/MR

3mmis - RAIRRRBEARER  RIEF

Fig.02

WEtTRER - MASOEEY SESH Treatment Approach Methods
S EBE N Efiller - —
( B) AKITUER] - 7748 SUBRETELA M5 20 29 6 0 7 L4

IE - fi#&Crest Approach T EZI6mm (Fig.3) -
ESCBHARIOMmES - AERAXEAER ; 8
CBH/TR6ZI9mMmm 2 S - ol FosteotomesF Fig.03
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i LEREAERE ;, EEEEAZRER BRI BERIFMsinus floor E AAL
ElRF B septumfs - MEAEE Mlateral windowl B R AESE @ LERRE R EE
L - ZECBHAMR3ESmmAE - Bl#lateral windowI BRI AESE ; ECBH /MR

3mm - Flateral window i fIGBR - $4ZI6f@ & HHE -

(2)Crest Approachfy Bone Width (CBW) BRI

CBWHFRIR - FEEIEEImm ( Figd ) - ECBWAR
ImmAEF o] Acrest approach » H/NRImmEIAopen
lateral window - Dr. Samuel LeefJCBWHI R IRRIE R
10mm » L ECrest Bone Width (CBW) 44111 A EM PR &
AImmzL10mm - AR AR MFig.5E R - ECrest
Bone Height (CBH) A #9094~ (6mm ZHLE/N) -
MARERBEMENER  MDUESEMEXREEMInitial
stability - A EEROEEEZEFT MM FRIEE -
SERCBWHEBSREZ - HREEMA (buccalf
palatal ) Bbone width&#B2mm - Z2DHFE AR
1.5mmELERIEE - AICBWERGFAKRIMMZL10mm -
HoBE—LEYH - BRERERRITNESD  SLREFE
BER  ARBALERBERENeckE®MALE(Inset) - 10
Fig.6,7MAnyRidget&fs - EE6FI8mm Kt neck R
4.5mmiAG ; ERAEI5.5mmBIERE - neckBFHERR
3.3mmZ%ZiFA - EIECBW B & - 2 5147.5-8.5mm k6.5-
7.5mm - RENEFZ -

(A) Dr.Samuel Lee 2009 F R KR ( Fig.8)
fth 7> BX 0 48

Class I : CBW>10mmHECBH>7mmzCBW>12mmHE
CBH>6mmEs - BEEMARMENELE - AUETsinus
lift -

Class I : CBW>12mmBECBH>1mmfs - oJ# A Crest
Approach - & IECBHBE M cases st ¥ —EE A MU AT
gt -

Class I : CBW<10mmECBH>6mmf - # /A
"OsteotomeTechnique” -

ClassIV : CBW<10mmBE6mm>CBH>1mmf - BIiEZE
Filateral Window technique -
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(B) BATMEEEENE2010F R E ¥ Dr. Samuel Lee I REFER L EIE (Fig.9) - MR HE
mEM"Taiwan Star" 1858 - £ LR FsinusBIEFRIGTEH - tELZE ; MiEA M
PRF FfEFARINAE R BEIHB E - HLEDr. Samuel LeePRE&E K Class II ~ Class IT & Class
V9o HPRFIEER) - 28] ACrest Window TechniqueFlosteotome?R5E A -

of sinus grafting approach

2010 by Dr. Mark Ou

VVVV VWVV

)T BERBMGBR

BEMIINREZREESMEB AN Stability" - BEZEZEMNIEGT - "osseointegration
"I EEENSA - Dr.BrunskiJB 1992 £ #Clinical Materials (vol 10, P153-201 ) 124 - &
BEEESNBEMUBEIE1I00uMES - osseointegration R ETE  FERIZW LK
fibrous-integration - fEf& & failure - ELtsinus liftfcase - ECBH%I EHbone density & -
MmiEAZ B AsinusiI Bl A% - Bstability$afs - A MGBREEMS (BSEARXEAL) -
ZCBHAZ Hbone density/NME - 12 KE& AsinusA Bstability F2 R - ERMER
fiGBR / GBR - EEMWEZEcoverFENWEE - FERBEsinusiIREEZIbone fillerFEZ
sinus floor - Esinus floorfIABERZ T B - A EEEERE L - FAIEsinusABAORBA -
MBBASinUsEISEZNHREFREEES RIS ERBESHNSEEREXEEREIRTH
A HIGBRERZZE - ZifbonefillerRiFEZERIERN - AR RIfiller  SEEBEA
sinus FZHMAKEGBRMcase - BA—ERIFEE - HAZAEINE - sinusINR BB E
osseointegration - BIMEIRERPMINE SRR - ZRAPRFRECMsinus lift - IR
sinus membrane A EFEFEFEH - AKXRSHINE - LFBBERPRFERFRU - FLILEE
EBMZE FAPRF J& Esinus membranei® - #& B GBR - [REINELE -

BERRE mERA
CASE REPORT

BEELF—MNE_RAERTERX - SKETAE - £Pano X-rayi® & ( Fig.10) - IR
24R25EBEFT AR - #§Pano K ( Fig.11l ) BE%IF248%E ( Fistula ) E#SinusA - B
RSinusREIBEXRFEERNBEEERE  RAELEZRKIR24K25  BERNBRERERERZ - AEL
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WK (Figl2,13 ) AMCT ( Fig.14,15) - 26fUuERCBHA5.27mm - CBW#8.05mm ;
271 EMCBHA5.22mm - CBWA9.91mm - #ikDr. Samuel LeeB D #E9ER Class IV - &
#EHLateral Window?a#E ( %2R MegaGenisi R & HAnyRidge ) - FBEHME
##Crest Approach - W #EAAnyRidge 5.5x7.0 ( Fig.16 ) - ERAEES.Smm - HEERERE
%7.0-1.0=6.0mm - BRIZARNEER  FAIEoE22NRESTE - HEBtaperingfik
fEHBcrestisinus liftlSRZ 2 - EpreparedF IR S IRHER - B D4 bone ( Fig.17) - &
EHMRER (Fig.18) - D4 bonefdfinal drillZ# B/ 3-455/9drill - B5.5mmigEEE /N
4 SERdrill %2.9mm (Fig.19) - HEH5E26%EBE27 (Fig.20) : A26MI&E ZISQER66 ; M
27TMIERIERST7 (Fig.2l) - ®R7ZEEE - BMERHealingabutment - fii#&BCTA
Pano ( Fig.22,23) - MEREBRAISQH AIIEMEI72F65 - HItHMAEZEE L
provisional crowns - 5{E B #&BAINIES81F75 - #pano ( Fig.23 ) EMWEREERAK
(Fig.24) - #1E328 Rsuperimpose EE T tsinus walls ( Fig.25) - #&27 BBuM K
(Fig.26 ) B#IREIE R AsinusREFIIAEL6mm - HRFEXWneckE@lImm - BIENEES
B Abone AMEAIFIHRERAE3.4mm - bone density X EHD4 ( Fig27 ) - BAZEHIW
RABMGBR - FIbEAbonefiller®ICEEEE - Hitsinus AR B EETEERE | B4
R &R M - 5.5x7.0AnyRidgeBlfERA3.4mmEfEbone - HRBAEER - BIESER
B BAR "mechaniclock"th @B EZHNRFbone - F5ERESREFWstability - TUE
ZEMRIBENETBES - RBAFERSAERBTEEERANKER  E5EETHE AR
#retention? RIZHKR S - EHILMESARISQEERS7EMEI6S - ABAEEIZMEITS - 7

NEESHEEMRI !

- e5.5x7.0




““AnyRidge 5.5x7.0
Actual Length

16 6.0mm

<

in the bone is

only
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1. No GBR Deep Thread Low Sinus'Wall

Low Ridge

2.D4 Bone Surface Area

A ZEFIERAE Sinus Lift =45

1. REStability 2% - )2 MGBREZSMEEM I -
2. RZESinus MembraneIntactiBfe AR - SEESMEESINUSNBRESE -
3.EAAREREBWIEER - RAEH"Low Sinus Wall"f1"Low Ridge"ficases - I BEREEZNAE
(Fig.28)

CASE 2

FBEALE-RF_KRHAE (16,17 ) MEIRAIHK KR (Fig.29,30 ) - BEXKZEKES A

Pano @ &M AWML (Fig.31,32,33 ) B/RCBHE/ - 16 BEMNCTRBE LA EE
(Fig.34,35,36) : CBHRAE2.96mm - CBWtH2E 6.5mm - 17 EMCTA R L =
(Fig.37,38,39,40) - CBHEIE® 2.35mm - MCBWEI% 9.27mm - &5 A Trephine
Bur ( Fig.41) - 8A Osteotomef sinus lift - GBREMAESE ( Fig.42,43) - 161 A
AnyRidge 4.5x8.5mm - 171 A 5.0x8.5mm ( Fig.43) - #Z=&RISQ - 16E% 68 - 1718
%66 - HRMERCBHIZ/NR 3mm - EILBAUNERESIER - FEXHINeck (Fig.44#& 6
FigEE ) BIfE 2 9MNEE (Fig. AS4R BB RITRR ) - 588 _Ecoverscrew ( Fig.46 ) - flap sutureit
R (Fig,47 ) - i8R CT (Fig,48 ) - ESZIGBRMSRTE  SXHM 26N 27T2MKTE -
crest bonefdradiopaqueFEAEE - CBH1EE B2 AR BB 18 AsinusA - stability 7 A 24 1& B o]
BEA% - HILRMIBBMEMGBR DB mBRTESES  AEABAISQ - 16K 171Ei’=]7%
78 (Fig,49 ) - # k fuseabutment - BCTIW B A B BRIFLBEEITLE®R ( Fig.50,51,52) -
PanoKPeriapicalZz Xray?k%&E ( Fig,53,54 ) - olIBIRBSEESHEEMIN ! ( Fig.55,56 5%
BHRORMER)



2.35 mm 3 2.35mm . i
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Post 0 mos

Post S mos

5 mos ISQ CT Post5mos
78 RS

FH S B S= B FNB 4888 - P48 Sinus LiftE FFiACriteria :
1. Crest Approachi&#Crest Bone HeightRI PRl -

2.Crest Bone WidthZECBH/NKR6mm T o] fEEEI6.5mm -

3. ESEmI{E B AR FE 14 Stability R EEGBREJ A E 14 -
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