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— Abstract —

A Comparative Experimental Study of Bone Ingrowth and
Osseointegration in Hydroxyapatite-coated vs. Porous-coated implants

Chang-Dong Han, M.D., Ick-Hwan Yang, M.D., Eung Shick Kang, M.D,,
Jin Kim, D.D.S.” and Nam-Hyun Kim, M.D.

Department of Orthopaedic Surgery, Yonsei University College of Medicine
Department of Oral Pathology*, Yonsei University College of Dentistry

The purpose of this study is to investigate the effect of plasma sprayed hydroxyapatite
(HA) coated and porous coated titanium implants. The shear strength of the HA coatings
on interface attachment, the degree of osseointegration of HA coated implants and bone
ingrowth of porous-coated titanium implants were evaluated.

The implants were placed transcortically in the femora of mature dogs and evaluated
after six weeks. The pushout test of HA-coated implants showed 28.2321+4.918 MPa and
22.6611+6.347 MPa in porous-coated implants (p<0.05).

In histologic observations, similar quantitative results in the amount of bone ingrowth
and osseointegration on both systems. The HA coatings showed direct osseointegration
on its surface without fibrous layer, but the porous-coatings showed thin fibrous layer
between the ingrown bone and titanium surface.

In conclusion, HA-coated implant provided earlier and stronger osseointegration than
porous-coated implant.

Key Words : Hydroxyapatite-coated implant, Porous-coated implant, Bone ingrowth,
Osseointegration, Experimental
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HZ £33 AleHL e AFBE WA
27152 AFddA AFAYE (implant)S] o] ¢
(loosening)©] 7} & EAZ Ho] oo, o
HEYH HAad 13E 9t AFAAEZY dF
S HIEAA A (press-it) S AFIAY FA
EE o839 & 1A E F7HAII= WY
AHEER o B7] FAEAH oldx Be 7
ol gith. watA FANEE AHE31A] ¢n
EA(inert) EA<! titanium®] Y cobalt-chromium
Fgoz2 AFE 758 (bead) T AL H (K-
ber mesh)© 2 bone ingrowth® f =3l Fog
A AFTAUET 227 19 g DA A
71e ol AZHA2Y ofF F—RAFAYE
o] Afol fHFA Rl S —AIFHUE
AU Z = (interface strength)”7} A EF Zx9
0% B ¥€ + gtz BuHa glon,
porous 729 WA frEse F&Ho|29 F
7138 AESE gt FEo] ofFe AT #
% %7_-“0“ 9\1];]_2,9,12,23,25,26)‘

T3 porous-coated AFHUESY d4EA=
AMEE AHEg AFAAEF A9 niksAI T
AAZ A AAG AFAAESY 27 &
2£& 3l 153 AL iU & HAAlz 9%
Hoze A Hole JAFIMNYER uF-F
9] porous TREL AHzFow Y3 du m$
He BED 2xFo] At £ g HAF
R g = ERX T

19879 F-E GeesinkT"'0] 4ETGH o2 &4
# (bioactive) ol Al 2247 s5tx o2} YA
A FATEIE YT hydroxyapatite(HA)E &
Hell =X AdFAYECl porous-coated 1F4
YE9] bone ingrowthBE.T} osseointegration®l ¢}
3 oS A I—AIFHYETY 1L IS
F Ao Basct.

Calcium phosphate® %737 31813 4§
o] ¥]%:3}l 1 biocompatible 322 FZ 23 A FH
Aol A,

Calcium phosphate® ¥dH oz &3 F 7}

2 o 2w

F7F l=d 3= hydroxyaphatite(HA)©]
= £ tricalcium phosphate( TCP)e]t}.
Tt & A" n Z7)3E ARgo] 7}
© 77143 44do] 27 d&
o BEAHoz F47F €k wEtd A A4
+ calcium phosphate® 43
HAZF diR-Eolun] HAe| 2zke] TCPE 4o1A
ARE-37] = ok AMSWH -2 plasma sprayed HA
28 g Agsted JFAYE el UH
g Xolu 77 (macrotexture)o] 7HAl 3 FEHo|
2R3t AFH o o] &stu o,

2 d39 EH2 HA-coated UFHUET po-
rous-coated AFHUENA bone ingrowth$}
osseointegrationd ¥ 231 F—AFHYE 19
A& ¥ (shear strength) & Bl w H7}3}7] ¢35t
A ME o83 8L Ak

AT M Y

AF4HYEL Zol 15mm, 27 6.0+0.05mm
9] Ti-6Al-4V % (titanium+6% alluminum—+4%
vanadium) & 28 5489 W 17L& Y3
ANA2 Hd 7937 (pore size) 7} 200 p(50—400
) TFE39 porous-coating A7) E, 2T
air plasma ¥APGH & HF 504 FAZ
HA-coating® A& AHE-3Hch(Astro Met, Inc,
Cincinnati, Ohio, U.S.A.)(Fig. 1).

AYFEL AT 10kg o4 AA 6uta(AH
12—-1871€¥)& Algstden, 4 B8 kg@

Fig. 1. Porous-coated implant (right) and Hydroxyapa-[
tite-coated implant (left).
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20mg®] pyrimidonetrione(Entobar®) A FAlZ
AT F REFH s dow zgiom
he) dEE AHRNA A ez Ag
6.0mme HF&E NP F $ZdE por
ous-coated AFHUYES, FHZo)& HA-coated ¢
THYES 774 Ui gutug wyoz 49
sttt o] F 2—0 Dexonl 2 Zug Bisix,
%Al 4—0 nylong ol &3] HRE BHsie
o, ¥€ ¥ ZIdLAE 94349 Cefazolin
25mg/kgE YFYU =8 FAIYLL

T F 670 4IFES WA F 7 U
o dRzAL AAS L WA B9 & F
FHUES ZHT AH2FE 15X15X30mm
12 A& 39, 2447 10709 AHe A
F 12747 Well Instron 6022 BEAZHA}L 71718 o]
4ot s dFg sidon, dgAde vt
22X gA UGS E SEEA AJHES HA
Hell F1, AIAYES FH FzFHo 2R
Dol = (push-out) & & 718) AFAAE] F
A BRAZHE olgdHE FEE BFsA o
&) &7 —HY FH(load-displacement curve)
FRTo2N Z-ATAYE T ANAGLY
(interface shear strength)g Bl @31 SPSS/PC*
g o] &3 two-tailed student t-testZ EAZ 3}o]
AEsAh

A A8 A2 Asto 0% fege 1
FU A3} ¥, Bone trimmer(Maruto Co.,
Japan) Z A A& thololRE Har)g o) 43
o AFAYES Hog ADS 32 A 70%
Net&-S 347 I ¥ Villanueva bone g4 H
of 397 ¥, Adedge FEE A5A79
g95+¢ ¥, polymethylmethacrylate(PMMA) =
Fofjsle] 407 37C Fe7lA AEAFHT
AzF A4 Crystal cutter(Maruto Co.,
Japan)E ©1 &3t 20048) Frlg Astu Av}
7191 Hard tissue grinding system(Maruto Co., Ja-
pan) 2.2 3049 A|HE WEO] FeAv|3 #F
< %39 bone ingrowth®} osseointegration®! &
g #RIs4 1, bone ingrowth® 7& FZ2E&
Abole) EzxA fFF st FFRAHo &

Ao &€ ¢, 223 50% ¥ 100%

oo
O

N

al e

o2 FxAo| ATt Aoz FEIS B
8t 20 (Fig. 2), osseointegration® W9} Tz
H Aelel) 239 7Ye] glo] AFAYE
B 2x7o) Y YAHo] A& AxE B
Aol

Fig. 2. Schematic drawing of bone ingrowth into porous-
coated implant.
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AIFTEEL Fe€F FHE 653 o g2he
uNed, 538 & dEZ9 ojdgd #A
o] F& F 48N Yo FFHo s Byt
2R T £ FAe ThoY o5 wl
S, TEL fieH, 4N F& B ¥
22 &% 154 FAPIZ AAA

AY952¢ AT 4% dRzS N
B A, FeA A (pressfit) L 344
%3 porous-coated VFHYE 28X E ARz
Hez 58 Mo 4A 3924, HA-coated
VEHAES 23 Unix] doXe 2% A3
g 1ol #EAFAT. WAL 278 A HA-coa-
ted AFHUYE & EF 2237 & §8(inco-
rporation) E o} AT, AFTAHUYE F o %
B e Auid FF2) 274¢ BRI Fig
3). Y% porous-coated PFTAYE 28 AN E
radiolucent line°] B ¥ o, Udx FolMe F
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Fig. 3. Radiograph showing an implant after 6 weeks im-
plantation periods. The porous-coated (R) and
HA-coated implants (L), both show similar bony
incorporation. Condensation of trabeculae around
the implants show bony ingrowth and osseoin-
tegration.

H 2EY% F 8] Ak A 27
o et Aot AFHYE 7Y TEHL
2E dolA 2 & At

[=}

AHALEE HALE porous-coated AFHYE
£ 97l, HA coated= 10718 AlHE AHE319 2
o UrA] AEe d¥=F V1A oF7F 2
3t #H7st oy Ee FoEn) Y HAE e
z2 13 AAoz HYHrE AHEFYF FA1 F
7o) B g 2aE Fol7] fldtd 4¥
TE 67tE]l EFoA A7 ddEe AlEe F
292 dgstd.

Instron 60228 o]&3F AW AGLd ZHA oA
= 9709 porous-coated AFMHYEANM H 22
661 16,347 MPa°|313, 10709 HA-coated 1%
AAB e HF 28.232+4. 918 MPaol e,
SPSS/PC*& ©] &% two-tailed Student t-testoll
A p valueZ} 0.0460.2 EAHOZ )3 o)
7} A (Table 1).

3. REB0)E BE

ZARES P AFs BAulF 3ol
Al porous-coated UFHYEL A Zo] +&H
HET B 399 A Fol porous FEE FAY

Table 1. Interface shear strength for porous-coated and HA-
coated implant

Porous- HA-
ks in sit P value*
weeks 1 situ coated (MPa*) coated (MPa) vaie
6 22. 66116, 347 28.232+4.918 0.046

(n=9) (n=10)

Values are given as mean+SD

n=number of samples tested.

*1 Megapascal (MPa)=145 psi(1 bf/in?)=9. 87kg/cm?

* Student’s t-test, pooled sample variances, two-tailed p
value.

Aoyt 131 A$E= 50% WAE, AYFol
porous TE& FAZF ZAA 49 (ingrowth)d
AU ATAAENA AFE BEE 100% W
Aoz Pt BAEHen, HA 294 Q
FTAYEL Bdn At A HAY §F4 AE,
HA = HY9E# U8 EZ9 HZ(osseointegra-
tion) 3= AFHZ2H {F5F Fol dlsld @
L=

porous-coated 97] A3} HA-coated 107} A|H
9] B3¥u)7 BFAAM porous-coated VF4HY
S HET © B9 BT 20.8%, 50% bone
ingrowth® 2-$-7} 47.5%, 100% bone ingrowth
d 397 31.7% R 2™ (Fig. 4), HA-coated ¥
AAEANA e AFHAE FH 90% oA
Az ARglol AHAA 283 HA +
A AN FAZIH FZ FAHo] BFHAOH,
B2 7o A EI AFHAEAN F3F50] o
F-2o A9l osseointegration®] <15 A tH Fig.
5).

o

FE FREYolY qEESF £ A}, &
2 FrutEcl= #-d FoA &3] ol&Hn 9l
T B AABeS YT FGolA o]m
G g A U o] & AAE
7R Ee F& A#A7 AFHA Y FAFA
NHe AFHAEY ol(loosening) 2.2 <13
A8 7t 71 & A2 FHol )

ojgte] Fo¢ Ao 2ME Fx2Fd U &

R oox
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— 912 —



Fig. 4. Histologic section (6 weeks postoperation) of porous-coated implant in bone, revealed bone ingrowth and
apposition primarily on the implant bead. A) Villanueva stain, X 10. B) Villanueva stain, X 400.
(i:implant, b : bead, ¥ : new bone, * : fibrous membrane)

Fig. 5. Histologic section (6 weeks postoperation) of hydroxyapatite-coated implant in bone, showing good osseoin-
tegration of new bone directly onto the HA coating surface.
A) Villnueva stain, X 10. B) Villanueva stain, X 400.
(i:implant arrow head : HA granules, * : fibrous membrane)

Aol & (inert implant)9] A, AZTAYEY I
71k W7 g84 o, a8z 934
FollA Bdgle] HtEHE 5 So|th
AR Aug 24 & sty AFAYES] 9
FE WIEANA qutuA e =
oj§t EH nHL F

o

£
7H7e W
)

g

z3
I JATAYE 9] FH S F3leu Agsqe
o, SANEE ALE3 A= ZAWHES &
24 £ (mechanical degradation)®} 894
(thermomechanical) #4202 & FWHz3 4
W3 72go] glon], FAWNE AL J)&o] W
AE9AM O A FAEJSY HH2He A

A% 2 BddA FEHE 38gd 22E 59
FAHo = ofF Z71HQ Axnrl 3oHojzte
B37} oo,

Teta SAMEE AMEEA] F3 29 “osse-
ointegration” ¥2]ol wa} &< (inert) E2 < tita-
nium®|Y cobalt-chromium ¥Fo2 A& &
¥ 52 AU P 2L bone ingrowthE fFE3hH
FozH AFAYET F=237 719 gnd AF

Al71E el AEHUEHE, °JRLS macro
< microporous & W& bone ingrowth7} ¥

F9 ExAHY AR Ao JMsditeE
Bo2 HE3 799 A7 F-UATAYE
9 93 Aol a7H)

to of

BN R bl
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Albrektsson3 Albrektsson''2 Z&&8vr|73 3t
A JAFAYE Fdm TR 7H AW AH7}
TZ3, 7I5Hos AHY dZ€E ddgn B
ggon, oF FHFAL AV A 842 @A
o Ad, Mg A AFAY, AAH AeA F
o] AMg, SAZ X7t dold WA EFA
92 Faot gte 59 Yol HYH AF
AYE Ae T AF dig AREIE AAEHU
1=
a3y 19703 F-E ol tist 7124983
A FAo] e 2L Ruyt ey old: F
ZA% AFAYERS] Aol fHER] Rt
F—AFAUE Y AWAD $Ho| A= B
9 30% A Pl 4& 5 vk 2usEx 9l
o, porous TZY EWHAA FHE F&0]
29 A7 A AESA g} FEE ot &
A3 FHER &R, EF porous-coated
AZFAYEZ2 bone ingrowthe A&7Fx] &<l
FAME FH FZA 29 interference fit& ¥&
F Ay e Hol 7HF Fashherre, A4
Aol A &4 A WX (direct apposition)& &
7] 7]_ _/d;q ‘O‘%-q_:i,lo,zo,zs'.

wid Aegtdew B HEs ) o
ATt AYPHEA EHEE JAFHYER =
o] ingrowthdld] HATAE & F Ue =
A A 24 HAS 22 A 843 A5 o
A7 AP =o] g}, o] F 1987 K& Geesink
Sl AEFAR o2 FAH(bioactive) | HA F
zA 3 setEeogy AR BRI FLE
HAE Bdo] =3 AFAUYES AT 2N
—o] A &3te] AFwA 9 biocompatabilityE
2g § glodgde /S 4 483 94
48 AEsg. olAL JAFAYES] FH
2 2o =¥ Husdl FHAAZ HAVL
Zx
A

1

PN ok

I A

A3 433 Ang Aol sbed w29
12& biodegradationg A Fethe F3 ol
9le] porous-coated 1 FHUE bone ingrowth
B} HA-coated AFHPENA dolYE osse-
ointegration & 2 o] go] dojuA] ge &g I
—QFAYE Ny 2FE A& 7 AW AT
oju] ARE A& o] 2 vl A& sintered HA

O

B
- HA®] osteoconduction &< Heog 7HFs}

E o4 g W 22 44 AF¥H= A
o] =50l o Zx EA oM Q1F4
YEE ol &37dle UFE 3ty qiEo HAG
A9 HAZ ZHE AFAYEC] A+=HUA.
HAQ "ol F7A$H BWY AV AA7] 4
I YR gfod FHo vEyrg O FAE 3
A FFog {FA3ls Hol FasdiH AL
FAFY £ odoew And e 48 F v
sk, A7) WA o2 air plasma A} B
of o&) Hole F=9 AFHE I HA-coated
AEAAEY AFo] 7Medtedd BE AA&dE
o 2Z#<Ql o] §o] rHEstAl HA W, B A
Ho A ALES AFAYET air plasma ALY
d ol HAZ ZHI Aog FAZ HF 50pl
2 AU

B2 AN A Qe A HH-2 Bobyn
%", Cook%™*9] Wz A FLsIH wabA
ol A¥ZA#e vim Mg B 4¥ 2%
£ Galante®} Rivero', Rivero%™'9] Ao} fA}
3lm o] &L porous Wl HA THE o HYE
2 438 4. 152 porous WOl HA =
Hg ¢ A9 HA 2HE 34 @2 AR Hug
stded, FAAEe & 453 Fo )7t Ak
B3ty h .

B Agn etz F #9 Aole A &
A HA ZH S A AHSE ZA=rl o &
Aoz e itk B8 £ 492 porous &
853 A48 g B HA ZHT AUYES
Hag Aoz APEAd e AolE Yot
a5 AF ZAdx HAY HAR=/L & A
bone ingrowth7} B Z¥ A2z Hrlsr] B}

i}

kodr e

Aernz Hlm FA onst vka £t

HA &3 HA %39 & A=< porous T
Z B9 2|3 interlockingol W]} =l$ #olx A
AHQA AWEY Zxo wsH HA 3" AR
o Fx& e & 3o REW.

B g 2A8tE LA7AS 2H HA Z9E A

He 2239 F20] porous L8 AHETH 44
3 Rez moln AT AW FEE 2%

F 2 Aort e Aoz HolA e Y €%

— 914 —



65 AZA BE T FF9 AlBo| bone img-
rowth, bone integration®] Foju ¥Hog &
oj7} glom AWFEAME B FEg Ko
3 Ut AAE o]3 ¥ HA-coated AFAYEES
ol 83t He W Y TS FZEF FAONA A
A% 2mm7tA 9] HA-& F i (bone bridge)E ¥
""%‘ T =™ ¥3lY porous- coated AF34YE

€ 0.3mm ©]42 2_7—3.% S8 5 gl 5 2
DAl AfzAF2LE U=z ]%‘3} H—‘Jr"”“ » 2
HA-coated ZAYEL B} E&30lx g
osseointegrations Y& F 'Ul"“ 7"01‘4 w2}
A F& 27l e B EH bone ingrowthol] < g
FuHYg AL § AeH, oFde 7}2—‘101
I ARHo 7 AFAUEY HAS 39 223
ZHel AEld ANAE dS 4 Ao 7401‘:}

19883 Geesmkc:"”o NE o]l &3 AFAYE
AN &5 650 49 MPa, 670l 64
MPas] AHdTodES A8 4 dded, por
ous-coated VFAYE vl 7‘7]"“ AR g
FRITAYE 7Y 28-S 948 F dddn
3}93L, CookT™ & porous coated Co Cr-Mo %
FUIZAYEY 1237 9] HYPdA 18.7 MPa9
ARAZ=E Hus4a, Bobyn$'e 43# 9.3
MPa, 1259& 15.2 MPaZ& R ustsich

B2 Aot R A coated 2UATAIY BN
M ARHADGEHE Bug np 9lon, Zzhe
A4g g Aege d27 dutR o2 60—70
MPa Ax2 Hudi o, 23 HAY
substrate-bonding strength?l 74—85 MPacll <4
e & Aggolr),

ojF e 33ty 2 WETH Aoz FAHHR
Rew, T&d] gy Agdogs AT A
T ARAGSEHE de £ %iﬁ}‘_ )
27N slEMEEC] HA F¥HH Y HEH
o] glen, FAY HEH 341’“]55"“"1 =
Ex 7 o] A, o] BM Catt FLI}
EH 5ol FAZ AAHL Uk W &

g ATAYELS 0.6 MPa A &4 °1~%J%lg
HEHo) 33td g WEEH Lol glow, uet

A 3ol g7 el Z1AAD FA7F oJHoh

= Aojth. EF AWEEZ o]&3 AFANYE

ARAGEE A4¥FHo g 56-20.7 MPaz, ¢
BAMe Aeed A€ 2.4—5.7 MPaZ B3
3l3L 9le.d, porous-coated 1 FAUEL 1725
MPa® B/ 20 MPa AE& 343l 2 A9
dA3ta Aok vt B APAME porous 2
B3 39 HA 293 A HL 242} 22 MPa, 28
MPaZ Jetgtor F F/F9 IZ¥ Wy as
o dsjxe & Aol e Aoz YehgAw
HA ZHE AINYES AWAGEY Z=rt
ot A Yl

893y 2 Ad¥oA HA-coated AFHYEH
porous-coated 1 FAYENX bone ingrowths}
osseointegration% Hady 2-AI4YE T
ARA S vl Hriet A, AWAGSY
& porous-coated AFALENNE 22.661%6.
347 MPa°l 12, HA-coated 34 E-& 28.232
14.918 MPa2 A HA-cotaed 91 FAIYEANA ot
& BAE7t 52 Aoz JYeon,  3eygn s
BEAME porous-cotaed VFAUYEL AFTAY
=% A% JEFT B 497 20.8%, 50%
bone ingrowth® 73-¢-7} 47.5%, 100% bone ing-
rowth® Z-¢7F 31.7% A2}, HA-coated U354
HEL 90% oldol M osseointegration®] <15
o] HA-coated 91 ¥4 E°l porous-coated 91F4t
?J%E.‘:} TATAYE Ty B} 270 D3}
o] $3% o=z AlgHA
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