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Titanium or titanium alloy is a widely used implant material according to its certified biocompatibility,
sufficient strength and ready availability. The purpose of this study was to evaluate the relative bio-
compatibility of titanium and titanium alloy specimens (Ti-29Nb-13Ta, TiNb and Ti-6Al-4V, Ti64) using
in vivo and in vitro methods. For in vivo experiment, the specimens were implanted in the abdominal
subcutaneous region of female mice for 2 and 4 weeks. The reaction of connective tissue to speci-
mens was evaluated histologically. The specimens were encapsulated by fibrous connective tissue
consisting of fibroblast, fibrocyte and other cells including neutrophil, macrophage, giant multinucie-
ated cell and unidentified cells. Some newly formed blood vessels were located in the fibrous cap-
sule surrounding the implant. Cell types and the thickness of fibrous capsules were examined
quantitatively. Most of cell types located in the fibrous capsule were fibroblasts and fibrocytes. The
average thickness of fibrous capsules for the TiNb specimens was much thinner than that of the tita-
nium alloy, Tié4. The thickness of the fibrous capsule around all titanium specimens decreased at 4
weeks compared to 2 weeks post-implantation. The biocompatibility of titanium and titanium alloy
specimens were also investigated in in vifro method using alkaline phosphatase from MG-63 cells.
Alkaline phosphatase activity of the TiNb specimen showed higher activity than the titanium alloy,
Ti64. In conclusion, the TiNb alloy with thin capsule thickness in vivo and high alkaline phosphatase
activity in vitro will be of considerable use in biomedical applications.
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Fig. 1. Scanning electron micrographs of pure Ti (A), TiNb (B) and Ti64 (C) surfaces. Bar size =20 pm.
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Fig. 2. Photomicrographs of abdominal connective tissue from pure Ti (A), TiNb (B) and Ti64 (C) specimens after 2 weeks of
implantation. Double arrows indicate the thickness of fibrous capsule around the specimen. Abbreviations used: ERS, external
root sheath; OCT, old connective tissue; STS, space formerly occupied by the specimen. Bars size = 100 um.
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Fig. 3. Photomicrographs of abdominal connective tissue from pure Ti (A), TiNb (B) and Ti64 (C) specimens after 4 weeks of
implantation. Double arrows indicate the thickness of fibrous capsule around the specimen. Abbreviations used: ERS, external
root sheath; OCT, old connective tissue; STS, space formerly occupied by the specimen. Bars size = 100 um.
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Fig. 4. Photomicrographs of several cell types (A) and newly formed blood vessel (B) from Ti64 specimen after 2 weeks of
implantation. (C), (D) and (E) are higher magnification of neutrophil, fibroblast (or fibrocyte) and macrophage, respectively.
Double arrows indicate the thickness of fibrous capsule around the Ti64 specimen. Abbreviations used: BV, blood vessel; FB,
fibroblast; FC, fibrocyte; GMC, giant multinucleated cell; MP, macrophage; NP, neutrophil; OCT, old connective tissue; STS,
space formerly occupied by the specimen. Bars size = 50 um (A and B) and 20 pym (C, D and E).

Table 1. The relative ratio between fibrocytes (including
fibroblasts) and other cells in the fibrous capsule 63,800 um?
surrounding the pure titanium (Ti) and titanium alloy (TiNb
and Ti64) specimens after 2 and 4 weeks of implantation in
connective tissue of abdomen

Relative number Relative number

Sp?;:r:en irivelzlritzgitn ratio of fibrocytes ratio of other
P P (%) cells® (%)

Ti 2 86.2 13.8
4 87.5 125
. 2 85.9 141
TiNb 4 87.9 12.1
. 2 90.6 94
Ti4 4 91.9 8.1

SOther cells include neutrophil, macrophage, giant multinucle-
ated cell and unidentified cells.
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Table 2. Thickness measurements of the fibrous capsule
surrounding the pure titanium (Ti) and fitanium alloy (TiNb
and Ti64) specimens after 2 and 4 weeks of implantation in
connective tissue of abdomen

Speci Thickness (R})

ecimen type

P P 2 weeks 4 weeks
Ti 4612 £8.50 33.70£6.90
TiNb 53.17 £ 11.20* 4019 £ 15.22*
Ti64 58.26 + 13.32* 4345 + 13.68*

Values represent mean + SD.
*p < 0.05, compared with pure Ti(control) specimen.
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Table 3. Alkaline phosphatase activity of MG-63 cells
cultured on pure titanium (Ti) and titanium alloy (TiNb and
Ti64) specimens

Alkaline phosphatase activity

Specimen type (uM/hour/mg protein/mm?)
Ti 0.030 £ 0.009
TiNb 0.028 £ 0.008
Ti64 0.025 £ 0.006*

Values represent mean + SD.
*p < 0.05, compared with pure Ti (control) specimen.

AT

45 B A& o438l F APl o Elolek Al
9 Z9)e] z37] ut 77117} 33.37 ymZ VER} O
AHEe] v 78 ke Ao w FAFAT. 2539 Azle}
vl A2 S T TH-/] o] Hlsl, TiNbe} Ti6d $hH=
o B¢ BF 9 FAZL Y FAR AR SHHANG 2
2 FYF AHQ Aol 25 F9t oJAFE AlAH
el 45 Bt A S E A1 e A=A o wA
7} Zkaso] Yebth

A/kallne phosphatase(ALP) .%fo” FX  ALP €49
4, iz sidste &F Ti AlRN 7H 5 &
*301 e e ™ ojojA TiNb i}% +o 2 ALPE #4o]
e THTable 3). Tied Folr 7P w2 ALPe] &4
& HAFUL &5 Tio] ALP 843 2T xjo]E Vet
WA o] ALP &A4& ol§3ld BAAZAE S Hrtst
|, 7P £2 AlHe] Tioldem 1 the] TiNb, o]efA
PIx|EO 2 Ti64 o2 e}

o #

A HYHLE o] 8HIL Ue &7 BHeleksd Bl
el F52 AP Y T2 XolEE o] dHl dF
#4E A5E FYHo] ArHlehle et af, 2004). w=hA
ol Elolely el AUl AAAG digt] B
L. Ayt o]FojHk WA jn vivo B AES By, g
olely FES MRS o FHY 258 FHY AF
(tibia)oll oA slaL 4857F AEAHE of A=A
ol e 5 F=E olgsly AAAFAS ZABIA
tH{Okazaki et al, 2004). Elolel g TF oA Ti-167r-
ANb-4Taoll X WEH Elolely s=7t Tied FaollA v
2 golebr sRHT 4 RA AIxFHANA AEHIJL
1 FAl Zr, Nb, Ta =% wi-¢- @A Jepttia 3k
. wEbd olEL /n vivo AElolA Ti-15Zr-4Nb-4Ta §F
=Y 75, 250 AA R AHA dEEHEE 7|7k
oldo] fElF AMAF ALl F& Allwtar Birskg]

CdutzElow 7ro] H7tE Elelele FEE 4=V G
AetE e Ao w 4R nt
Z in vitro A7 2J8Pd, Niinomi(2003f= &3
Elolely, 8|3 279 Elojeky E(Tied 2 T
29NDb-13Ta-4.6Zr1& in vitrodlA cyto-toxicity & S48}
o] o] F&o| AAANRRE A= o] F2AE BXL
stHrt. Bao] olshd, Ti-29Nb-13Te-4.6Zr 5] &
3 glolelgd} FAS N ESGS vERE vhdd Tied &
F& £53 glolelgol Hlsted AEEAo] BA veRt
AAA 02 Ti-29Nb-13Ta-4.6Zr TFo] AAAER ] &
3t Aoz Aoreidrk. & OE Jn vitro 43S HH,
& EHS dAvfslal A A st EHE ol e zto]
7t QEE UE 3F5FY e S5 &S EelE,
Tie4 35 2 Ti-29Nb-13Ta-4.6Zr &F) oA MG-63
AEE 48707 vl F AAHFAEE Hristded, A
AE FE v)23 734 23} elolelg Hukxs 938
Ti-29Nb-13Ta-4.67r 3= oA widye o 7178 =4
ZA A E_Lo]-ﬂi/\i Ti-29Nb-13Ta-4.67r &< ¢
Z2E AgE FHsINtHNaganawa er al, 2004). At
go] olE A=A X(gingival fibroblast) & <83 4
Hg Ed), Ti-29Nb-13Ta-4.6Zr &= 738 Elojelw
Aol At AZEL FASH FH AT A Ti-
29Nb-13Ta4.67r TZo] 2258 Elolels Aol AAA
S-S 7R 2 kA s THShimojo et al, 2007).
o] 71E AFNAHE, A CE Nbet TaZt
ElolEly =9 *32117‘4@*401 WA Add Al V7t
58 T4 T B o] T2 202 BIESIE o
Ae B dge] BH 73% A (abdominal connective
tissuels o83t Aol 72 L Byt Z7d
=& Eﬂf‘} A 2] zAnkgo] om 2-g-& F3 Elolet
Folvt Z& elolgly Fael st AR A =
=A Ja“:”ﬁ AF7} o FFAR, AR = & &
A YA GrHKim er al, 2006). 28 ATz 34
Azte] W3-8 53 A2o| o] FAEE FHFol tist
o dEA de Holth &, USUES LT AW
of YAt 1 7ee fAE=AE AE] HsiMe
AR Brely 2 o] JAAE olsliske
| Z83ltHJohnson et a/, 1997)x & < it} 9
o YAANHS B, dSTUEE PSS o dAMET}
EJ o HIslaL o] AMEY A=
DA Ee} AjrA o] FAsle] A Y&
EWF‘ AR Az 2he gAsHA g
(Salthouse 1984). o] W& MEEAE, 9F Alxe &
22 AGZ o|FolA or Edt o] Bl ANEL FH
o] M7= FrHWalboomers et af, 1998). B A&

l‘ﬂ




Relative Evaluation for Biocompatibility of Pure Titanium and Titanium Alloys 337

=
o A B e s 9
oh 227 o] we 25e] AZEN HAHE 7199l o)
AHE, FABANLT, AYGIAE L | A 5

o
A FR9t 2 FAL A A7l T

shHo =, ARA Ho] FAEE tlE o] 947 3o
shetl, & AERES] A7), YSHES ok FHTx,
|, AETE HHY 3 A4,

E 27) FoltHLi et a/, 1999). &
ol A5, 3FF AlE ZHY AR fAEHA Ve
A ol oA} Al E9] ure] PAJo] =A I

Ho ARE AR AAY F

| ek gt Az =23
5HA Hbg& AAGEA Hrbo Fa% FE(Schreiber
et al, 1990)c] =™, wetr AZHVEE SN /A
2 A AP bl & oolgd 4 JtHBatniji et
al. 2002; Lee et a/, 2006). JEAEES SR AT
z23 o] FAVE gReE AR £ Zlow 7
@3tHJacob er a/, 1998; Udipi et a/, 2000). ¥ 4F
M e Ti AlAE F99] 4923 o] T} glolgt
w = Al viE 7P ek Jeh 23 Al A1
o] 739 46.12 um, 45 443 AlHe 739 33.70 um)
AAAge] 7 £ Aoz YeheAIT 71AHQ oF
A w2l Tied 22 TiNb 2S o ARgsla e A4
otk AHog B, &4 Ti Boh 7|4 Ao ¢
% TiNb & A1 5919 =F F71 (25 A A
9] 7% 58.26 um, 45 AUt Al B9 43.45 um)
7F 9 T BHoh A YeRgARE Tied Boke o g
et Tied 2ot Foldos AAEdAgel o U Ao
Z vEpgth B AR Fg. 40A £ e AAY
TiNb AJHe] A5, AlEE S8 48237 o) A=
=] Zr BAEAY. gk Az wo| H)
ARz Yo ¥ B 3, AT, Ain
A

i

A7 B3t 2% tHButler e

)
A3 Fig. 4AMAHYE, A AlFS EeRE 2
22 dho] Hal= 2] AA W AtsiA 7} Ve
vt AR A0l 2E4E I AEL St Hon
(Ryhnen et al, 1998) 3+ o] ] dko] FA L 7+Ax o]
Ui Ao B o] utHUdipi ef af, 2000). A
talM 2= A5k gAA 0 §8ete] AAEE Ao
2 Holx|9HMurch et &/, 1982) 44340 dsid=

3] greA dA] BTHYe et al, 2001). AjoiiAlZ
3 o] 94, = UASTE F99| pH, o7 AE
& cytokine, 12]3L YEHEL] 31EHH A7
I =4 Ao o ¥E w=rHMclnnes et al,
1988; Kao et al, 1994). ¥ AFME AgxZ T
FAZE HwA FAA Yehd AAFTE] AdEeR
2 & Tied AlHS A, AHF Hshes dgxd o
o At A 27} A&7 % SHRA T, He] FA 7} gk
< & Ti AT AUTEA 7T 2 3R] gt
o} wEbA Ao Alxe] EdNiEs) Hol o n
Ak g A7 AT Rate] R 5 24
Elolel, hafnium 32 Tie4E AYste 259} 45 &
of sJAANZ thy, Al 99 F4|E A/ Ad=xH
u FAE S BR 257 B3l 45 T A7 A
HojlA] wre] FAZE ¥ ghelxItiar 3 tHRyhnen et
al, 1998; Matsuno et g/, 2001). ¥ A x 239
vis] 47 Fof SJAAZ AJHAA E8ME o) SAUY
Aaste 7129 Rt dXshs A#E ERSI.

B AFoA 2245 ALPY] A, ZRAE F3lo] A x
7t He 24 @40 ueid &40l &5 AAAT
ol 2 Zlog B & o 7|FY] AT 93, &
A3} glolely A|H)| coatingS Tl Wt AE =213
ALP &40 tEA Uebgtial s a5 B A4
of x|o} o]alAle} 79 & A ¥ & in viverllA
93 94® A8 Aow B IEUTHPostiglione et
al, 2003). |9} FAFSE AFEA, Elolehrg A
A2 SRR, FFAE M Fol| olojA E4AE]
(hydrothermal treatment}& SHI}EA] 22 sandblas-
ting SHEA] &t Elolelge] EHE RSAZ] $o o]
d AFHS AZ Eolelgol grinkE AR o]
H3LE =R (T2 oldst AlZ AFEY WHhE 9l
371 9% WHeE ALP 84S s it
(Rodriguez et al, 2003; Kim et a/, 2006). EfolelF2]
¥H AZZE 0694 1.0, 1.4, 2.1, 3.2um=E ZZF &
7 73S ALP 9] BA% A7) vlEete] Sl
RO 2 BISHTHKIM et al, 2006). ¥ AP = F
AReE AAZIE 7H 3EFF 58 AMgsieEE AF
719} 7+ A ®He] fxol &g ALP #4e] xlo|r
Ue 25 AAle] Aol ofsir] ALPEA ] Aol7t ve}
W AoZ AR B vivo AeH vl E 7 vitro
Ao M= ALP E4de] <=4= Ti(0.030), TiND(0.028) &
Ti64(0.025) o2 wton, o met iAo A
Zgtdo] £ A% ekl Axtel 7t}

&8 Tizk in vivest in vitro A8 71 AA A
o] Holuk Aoz 2 AdA YeidAwt o8 71X



338 D. 8. Yeom et al.

71AA Ag ol APHoZ AMSIA] £ e A
g AekRigd o tgoE QAP £ Fo=E
ZAFE TiNb 382 AA il JEFHE A8 FHE +
AL Aoz AlgH

4 B

5 Elolelga elolely 3 25721 TiNb $} Tied
o] JF AAAHTAEL HI1sH] A WA in vivo A

oA, nhs BR SAYR AR A

3 2% 4% B3t AEAAT. AYEAH B W
s zAH 0T 2B A8 98 SHAE A
_ﬂ_)\é %‘}}_21 u)—o] yq.;:{_z}_-ggj\otq o] 1:!1-0 )\-]Otl,q]

AFAZ, SAIANE A, HIAE, AdEIAE 2 Ul
A AE Fog2 FAH ANeH, g de FE Al
T AeRAT} RATOIT) o] Hel VA =

AT TiNb AlH F909] Agz3 we] Ha FA=
Tied F9 ¥ FARGE ¢ g vYelgen, 2Aes
Tio4el B]3) TiNbe] BAATA] o T2 2oz Ve
T} 47 B AIE) F3W 2E Eolelg A 99 7
FAE 25 B AR FIE AH F949) 2 S0l A
3] ZAAHAT. TR i vitro AP0 Z A, Ti-29Nb-13Ta A
H ol ulgFs MZAM AAE alkaline phosphatase
248 EHsIRen 1 A, Tied Ao B89 &
2 BAYET o 230t TiNb A1 900 gk 2324
o] FAVE ©EOHI £ o] A feAd o
alkaline phosphatase 74°] 48 245 £ o, Ticd
ol vlF] TiNoelelels aol BAAEE 882 ¢
Ag Aoz AlgH.

HAlel =

2 =72 =EHAD 7 2AFAG9A B2
AHZR01-2004-000-10238-0)2] QApu] AQoz 43
HueH oo ZAl=guyt

Znes

Batniji, R.K., Hutchison, J.L., Dahiya, R., Lam, S.L. and Wili-
iams, E.F. 3rd. (2002). Tissue response to expanded poly-
tetrafluoroethylene and silicone implants in a rabbit model.
Arch. Facial Plast. Surg., 4, 111-113.

Butler, K.R., Benghuzzi, H.A. and Puckett, A. (2001). Morpho-
metric evaluation tissue-implant reaction associated with
ALCAP and TCP bioceramics in vivo. J. Invest. Surg., 14,
139-152.

DeVoto, E. and Yokel, R.A. (1994). The biological speciation

and toxicokinetics of aluminum. Environ. Health Per-
spect., 102, 940-951.

ito, A., Okazaki, Y., Tateishi, T. and lto, Y. (1995). In vitro bio-
compatibility, mechanical properties, and corrosion resis-
tance of Ti-Zr-Nb-Ta-Pd and Ti-Sn-Nb-Ta-Pd alloys. J.
Biomed. Mater. Res., 29, 893-899.

Jacob, J.T., Burgoyne, C.F., McKinnon, S.J., Tanji, TM., LaFleur,
PK. and Duzman, E. (1998). Biocompatibility response to
modified Baerveldt glaucoma drains. J. Biomed. Mater.
Res., 43, 99-107.

Johnson, R., Harrison, D., Tucci, M., Tsao, A., Lemos, M.,
Puckett, A., Hughes, J.L. and Benghuzzi, H. (1997). Fibrous
capsule formation in response to ultra high molecular
weight polyethylene treated with peptides that influence
adhesion. Biomed. Sci. Instrum., 34, 47-52.

Kao, W.J., Zhao, Q.H., Hiltner, A. and Anderson, J.M. (1994).
Theoretical analysis of in vivo macrophage adhesion and
foreign body giant cell formation on polydimethylsiloxane
low density polyethylene and polyetherurethanes. J. Biomed.
Mater. Res., 28, 73-79.

Kim, M.-J., Kim, C.-W., Lim, Y.-J. and Heo, S.-J. (2006).
Microrough titanium surface affects biologic response in
MGB3 osteobiast-like cells. J. Biomed. Mater. Res., T9A,
1023-1032.

Lee, B.-H., Kim, Y.D. and Lee, K.H. (2003). XPS study of bio-
active graded layer in Ti-In-Nb-Ta alloy prepared by alkali
and heat treatments. Biomaterials, 24, 2257-2266.

Lee, Y.M., Lee, EJ., Yeom, D.S., Kim, D.S,, Yee, S.T., Kim,
B.I. and Cho, H.W. (2006). Relative biocompatibility evalu-
ation of anodized titanium specimens in vivo and in vitro.
J. Life Sci., 16, 302-309.

Lehle, K., Lohn, S., Reinerth, G.,, Schubert, T., Preuner, J.G
and Bimbaum, D.E. (2004). Cytological evaluation of the
tissue-implant reaction associated with subcutaneous im-
plantation of polymers coated with titaniumcarboxonitride
in vivo. Biomaterials, 25, 5457-5466.

Li, D.J., Ohsaki, K., Cui, PC., Ye, Q., Baba, K., Wang, Q.C,,
Tenshin, S. and Takano-Yamamoto, T. (1999). Thickness
of fibrous capsule after implantation of hydroxyapatite in
subcutaneous tissue in rats. J. Biomed. Mater. Res., 45,
322-326.

Matsuno, H., Yokoyama, A., Watari, F., Uo, M. and Kawasaki,
T. (2001). Biocompatibility and osteogenesis of refractory
metal implants, titanium, hafnium, niobium, tantalum and
rhenium. Biomaterials, 22, 1253-1262.

Mcinnes, A. and Rennick, D.M. (1988). Interleukin 4 induces
cultured monocytes/macrophages to form giant multinu-
cleated cells. J. Exp. Med., 167, 598-611.

McKay, G.C., Macnair, R., MacDonald, C. and Grant, M.H.
(1996). Interactions of orthopaedic metals with an immor-
talized rat osteoblast cell line. Biomatenals, 17, 1339-
1344.

Mohammadi, S., Esposito, M., Cucu, M., Ericson, L.E. and
Thomsen, P. (2001). Tissue response to hafnium. J.
Mater. Sci.: Mater. Med., 12, 603-611.

Murch, A.R., Grounds, M.D., Marshall, C.A. and Papadimi-
triou, J.M. (1982). Direct evidence that inflammatory muiti-
nucleate giant cells form by fusion. J. Pathol., 137, 177-
180.



Relative Evaluation for Biocompatibility of Pure Titanium and Titanium Alloys 339

Naganawa, T., Ishihara, Y., lwata, T., Koide, M., Ohguchi, M.,
Ohguchi, Y., Murase, Y., Kamei, H., Sato, N., Mizuno, M.
and Noguchi, T. (2004). /n vitro biocompatibility of a new
titanium-29niobium-13tantalum-4.6zirconium alloy with
osteoblast-like MG63 cells. J. Periodontol., 75, 1701-1707.

Niinomi, M. (2003). Fatigue performance and cyto-toxicity of
low rigidity titanium alloy, Ti-29Nb-13Ta-4.6Zr. Biomateri-
als, 24, 2673-2683.

Okazaki, Y. and Gotoh, E. (2005). Comparison of metal
release from various metallic biomaterials in vitro. Bioma-
terials, 26, 11-21.

Okazaki, Y., Gotoh, E., Manabe, T. and Kobayashi, K. (2004).
Comparison of metal concentrations in rat tibia tissues
with various metallic implants. Biomaterials, 25, 5913-
5920.

Postiglione, L., Di Domenico, G, Ramaglia, L., Montagnani,
S., Salzano, S., Di Meglio, F., Sbordone, L., Vitale, M.
and Rossi, G. (2003). Behavior of Sa0S-2 cells cultured
on different titanium surfaces. J. Dent Res., 82, 692-696.

Rodriguez, R., Kim, K. and Ong, J.L. (2003). /n vitro osteo-
blast response to anodized titanium and anodized titanium
followed by hydrothermal treatment. J. Biomed. Mater.
Res., 65A, 352-358.

Rogers, S.D., Howie, D.W., Graves, S.E., Pearcy, M.J. and
Haynes, D.R. (1997). In vitro human monocyte response
to wear particles of titanium alloy containing vanadium or
niobium. J. Bone Joint Surg. Br., 79, 311-315.

Ryhnen, J., Kallioinen, M., Tuukkanen, J., Junila, J., Niemel,
E., Sandvik, P. and Serlo, W. (1998). /n vivo biocompati-
bility evaluation of nickel-titanium shape memory metal
alloy: muscle and perineural tissue responses and encap-

sule membrane thickness. J. Biomed. Mater. Res., 41,
481-488.

Salthouse, T.N. (1984). Some aspects of macrophage behav-
jor at the implant interface. J. Biomed. Mater. Res., 18,
395401,

Schreiber, H., Keller, F., Kinzl, HP., Hunger, H., Knofler, W.,
Rubling, U. and Merten, W. (1990). The question of the
transmissibility of the results of subcutaneous tests of bio-
materials from animals to humans. Z. Exp. Chir. Trans-
plant Kunstliche Organe, 23, 23-25.

Shimojo, N., Kondo, C., Yamashita, K., Hoshino, T. and Hay-
akawa, T. (2007). Cytotoxicity analysis of a novel titanium
alloy in vitro. adhesion, spreading, and proliferation of
human gingival fibroblasts. Biomed. Mater. Eng., 17, 127-
135.

Thompson, G.J. and Puleo, D.A. (1996). Ti-6Al-4V ion solu-
tion inhibition of osteogenic cell phenotype as a function
of differentiation time course in vitro. Biomaterials, 17,
1949-1954.

Udipi, K., Omberg, R.L., Thurmond I, K.B., Settle, S.L., For-
ster, D. and Riley, D. (2000). Modification of inflammotry
response to implanted biomedical materials in vivo by sur-
face bound superoxide dismutase mimics. J. Biomed.
Mater. Res., 51, 549-560.

Walboomers, X.F., Croes, H.J.E., Ginsel, LA. and Jansen,
J.A. (1998). Microgrooved subcutaneous implants in the
goat. J. Biomed. Mater. Res., 42, 634-641.

Ye, Q., Ohsaki, K., Li, K, Li, D.-J., Zhu, C.-S., Ogawa, T,
Tenshin, S. and Takano-Yamamoto, T. (2001). Histologi-
cal reaction to hydroxyapatite in the middle ear of rats.
Auris Nasus Larynx, 28, 131-136.



