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Metals have been used clinically as biomaterials, especially in the orthopaedic and dental fields. Metals used as
implants wear at contact surfaces, producing metal particles and metal ions that may be harmful. Newly devel-
oped metal implants and methods of implant surface modification are currently under scrutiny. We evaluated
the use of electrolytic in-process dressing (ELID) as a surface finishing method for metal implants. Metal
implants processed using the ELID method (ELID group) or not processed (Non-ELID group) were inserted
surgically into rabbit femurs. The rabbits were sacrificed postoperatively over a 24-week period. We assessed
the concentrations of the cytokines, interleukin (IL)-1p, IL-6, and tumor necrosis factor-a, the resistance to
implant pull-out, and histopathology at the implant site. There was no significant difference between the
groups regarding the cytokine concentrations or implant pull-out resistance. Many particles indicating wear
around the implant were noted in the Non-ELID group (n=10) but not the ELID group (n=13), while a fibrous
membrane adhering to the every implant was noted in the ELID group. The formation of a fibrous membrane
rather than metal particles in the ELID group may indicate improved biocompatibility, and it suggests that
ELID may prevent corrosion in the areas of contact.
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M any biomaterials have been used in medical

practice, especially in orthopaedics and den-
tistry [1-3]. Because of their favorable dynamic proper-
ties and good workability, metals have been widely
used. Metals used in implants have specific characteris-

tics. Steinemann [4] identified vanadium as cytotoxic,
and zirconium dioxide, titanium, and tantalum as not
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cytotoxic (i.e., biocompatible). However, the wear of
metals used in implants produces metal particles and
metal jons [5-7]. Ferguson et al. [8] reported that pure
titanium bars will wear when inserted into rabbit mus-
cle. They weighed the metal in surrounding muscles
and main organs, and found increasing concentrations
of titanium in the muscles surrounding the implant site,
as well as the lung and spleen, suggesting that pure tita-
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nium corrodes and dissolves.

Metal particles and metal ions have also been found
to cause allergic reactions [9,10], foreign body reac-
tions [11,12], pseudotumors [13,14], renal failure
[15], pregnancy-related complications [16,17], and
carcinogenesis [18-21]. In addition, osteolysis around
the arthroplasty site correlates with the number and the
size of wear particles [22]. It is thus important to reduce
the wear of metal implants to avoid complications, and
to develop new materials and methods of implant sur-
face modification to reduce implant wear.

With regard to new methods of implant surface
modification, Brama et al. [23] developed a method of
coating titanium substrates with carbides using pulsed
laser deposition to produce surfaces of titanium carbide
(TiC). This process improved implant hardness, bio-
compatibility, and osteointegration, compared to
uncoated titanium. Roy et al. [24] coated commercially
pure titanium with a highly crystalline nano-hydroxy-
apatite (HA) using an inductively coupled radiofre-
quency plasma spray system. These investigators con-
cluded that the HA coating reduced the time required
for implant-tissue integration in vivo.

We have used electrolytic in-process dressing (ELID)
[25] for an implant surface modification. The ELID
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grinding system improves surface quality while simulta-
neously adding surface oxide (Fig.1). In this system, an
electrode approx. 1/6th the area of the entire grinding
wheel surface is set above a conducting metallic bond
grinding wheel with a gap of approx. 0.3 mm. Positive
potential is applied to the grinding wheel and negative
potential is applied to the electrode by using a specific
pulse generator (Fig. 1, upper). During machining, the
potential electrolyte decomposes the conductive alka-
line machining fluid, thereby generating OH- ions. At
the same time, since positive potential is applied by the
different circuit to the specimen, free OH- ions in the
machining fluid are attracted to the work surface,
resulting in an occurrence of an anodic oxidation reac-
tion (Fig. 1, lower). The thickness and structure of the
anodic oxidation film generated on the processed sur-
face can be determined by adjusting the positive poten-
tial applied to the workpiece.

The ELID grinding system improves the implant
surface by coating it with a thick oxide film. In the
present study, we inserted metal implants processed
using the ELID system or using conventional modifica-
tion methods into rabbit femurs. We determined that
biocompatibility and osteocompatibility of the implants
under the influence of wear particles over the surround-
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ing tissues, and we assessed the increase of inflamma-
tory cytokines in the blood.

Materials and Methods

The size and shape of the implant.  Computed
tomography (CT) of the rabbit femurs was performed
three times preoperatively; based on the CT results, the
most suitable implant size was determined to be
4.8 mm dia. x30 mm long (Nakashima Medical Corp.,
Okayama, Japan; Fig.2). Each implant was cylin-
der-shaped and hollow at one end to allow the insertion
of a hook for the pull-out test. The metal composition
of the implant is shown in Table 1.

Experimental animals. The Guidelines for
Proper Conduct of Animal Experiments (Science
Council of Japan, 2006) were observed for the entirety
of this experiment. Our study protocol was approved by
our institutional experimental animal care and use
committee (Okayama University, ref. no. OKU-
2010421). Japanese White (JW) rabbits (3 kg) were
used. Implants processed using the ELID method were
inserted into the femurs of 13 rabbits (ELID group),
and implants processed without the ELID method were
inserted into 10 rabbits (Non-ELID group). In the
Control group (3 rabbits), both femurs were drilled
without metal implant insertion (Fig. 3).

Ketamine hydrochloride (Ketaral®, Daiichi Sankyo
Propharma, Tokyo, Japan) was injected into the rabbit
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(A) ELID group

(C) Control group

Fig. 3 X-
rays of the
implantation
site in the (A)
ELID group,
(B) Non-ELID
group, and (C)
Control  group
16 weeks after
implantation.
Loosening was
not seen in any
group.

Fig. 2  The shape of the implants. Based on CT of rabbit femurs performed three times before implantation, the most suitable implant
size was 4.8 mm dia. X 30 mm. Each implant was cylinder-shaped and hollow at one end so that a hook could be inserted to perform the

pull-out test.

Table 1 The composition of the metal used in our implants

C Mn Si P S Cr

Mo Cu Co

W Fe

0.05 0.8 0.58 0.003 0.0005 27.12

5.55 0.01 65.64

0.02 0.07

The number below each element is the composition percentage of the material used in the implants.
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muscle before inhaled isoflurane (Foren®, AbbVie,
Tokyo, Japan) was administered to induce general
anesthesia. When the anesthesia’s effect was adequate,
the surfaces of both knees were shaved and sterilized
with povidone-iodine. A 3-cm skin incision was made,
and using the parapatellar approach, we retracted the
patella laterally, exposed the femoral condyles, drilled
the center of the distal femur between both condyles,
and inserted the implant. After irrigation, the wound
was closed. No prophylactic antibiotics were adminis-
tered; no signs of infection were observed (Fig. 4).

The rabbits were observed 2,4,8,16, and 24 weeks
after implant insertion, and then sacrificed. Blood was
obtained by cardiac puncture just before sacrifice and
centrifuged at 3,000 rpm for 10 min, after which the
serum was collected.

Measurement of cytokine concentration.  Serum
levels of interleukin-1p (IL-1f), interleukin-6 (IL-6),
and tumor necrosis factor-a (TNF-a) were determined
using enzyme-linked immunosorbent assay (ELISA) kits.

Pull-out test.  As noted above, the implants were
cylindical and hollow at one end to allow engagement of
a hook for pull-out test. For this test, an implant was
inserted into the femur and secured with cement, then
retracted by 5 mm/min to measure the maximum load
using an INSTRON device (Instron Japan, Kanagawa,
Japan). The rabbits with implants that could not be
removed because the implant was fully buried, the rab-
bits in which the hook was could not be attached, those
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whose implants were loose when the bone was removed
to expose the surface, and those with fractured femurs
were excluded from the subsequent analyses.
Pathologic evaluation.  Decalcified femur speci-
mens (80-um thick) were prepared for both the ELID
and Non-ELID groups. The specimens were cut
through the middle portion of the implant and 5 mm
from both ends of the implant along the minor axis
(Fig.5), and through the middle portion along the
major axis. These were observed using an optical
microscope (OLYMPUS BX-50, Olympus, Tokyo,

Fig. 5 The points along the length of specimen at which speci-
men was cut. The specimens were cut in the middle portion of
implants and 5 mm on either end of the implants across the minor
axis.

Fig. 4  The steps of the implant
operation. We used the parapatellar
approach, exposed the femoral con-
dyles, drilled into the center of the
distal femur between both condyles,
and inserted implants that underwent
the ELID process. Wound closure
was performed after irrigation.
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Japan), a confocal laser scanning microscope (Carl
Zeiss LSM510, Munich, Germany), and fluorescence
microscope (Olympus BX-50).

Statistical analysis.  Graphical data are presented
as the mean value * standard deviation. Parametric data
were analyzed by an analysis of variance (ANOVA) and
Tukey’s test using SPSS version 19.0 software (IBM,
New York, NY, USA). When differences between
groups were significant, the Mann-Whitney U-test was
performed with Holm’s correction. If the data were not
parametric, then Student-Newman-Keuls test was per-
formed. A p-value <0.05 was considered significant.

Results

Measurement of cytokine concentration.  There
was no significant difference in the IL-1f or IL-6 levels
between the ELID group (n=13) and Non-ELID group
(n=10) (Fig.6); a significantly higher TNF-a level was
observed in the Non-ELID group at 8 weeks.

Pull-out test results.  In both groups, resistance to
the pull-out of the implants increased up until 8 weeks,
then decreased in both groups (Fig.7). No significant
difference in resisance between the groups was observed
at any time.

Pathologic evaluation.  In sections through the

IL-1B

(A) IL-18

TNF-a

Fig. 6
(C) TNF-a I
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minor axis in the center of the implants, many metal
particles surrounded all of the implants in the Non-
ELID group, whereas fibrous tissue and only a few
metal particles surrounded the implants in the ELID
group (Fig. 8). This membranous and fibrous formation
was shown along the long axis of all the implants in the
ELID group. Moreover, the mononuclear cells infiltra-
tion and recruitment were observed in the surrounding
tissue and giant cell formation in the Non-ELID
implants, whereas there were little mononuclear cell

Fig. 7 The pull-out resistance. In both groups, the pull-out
resistance increased up to 8 weeks, and decreased thereafter.

(B) IL-6

The serum concentration of IL-18, IL-6, and TNF-a cytokines. A

significant difference in only TNF-a seen at 8 weeks (3%: p <0.01).
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1mm

(A) ELID group

1mm
(C) Control group

(A) ELID group

(C) Control group
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1mm

(B) Non ELID group

Fig. 8  The minor axis of the implant site. Metal particles surrounding the
implant are abundant in Non-ELID group specimens and much less in ELID
group specimens. No metal particles were seen in the Control group speci-
mens, which implies that processing of the specimens did not contribute to the
accumulation of metallic particles.

(B) Non ELID group

Fig. 9  High magnification of the implant cross-sections through the minor axis.
(A) ELID group, (B) Non-ELID group, (C) Control group. The metal particles sur-
round a Non-ELID group implant are clearly visible.
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infiltration at the smooth fibrous membrane at the ELID
implants (Fig.9)

No metal particles were detected in Control group,
which meant that the cutting edge of the drill was not
the source of these particles. Confocal laser scanning
microscopy showed a membrane of uniform thickness
around the implants in the ELID group but no mem-
brane around the Non-ELID implants (Fig.10).
Fluorescence microscopy revealed the membrane in the
ELID implants but not in the Non-ELID implants
(Fig.11).

Discussion

Metal implants are used clinically, but they present
problems related to the release of both particles and
ions. Procedures to reduce wear on implants include the
use of new metal materials and surface modifications of
the metal. As for the development of new metal materi-

(A) ELID group

(A) ELID group

(B) Non ELID group

(B) Non ELID group
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als, Lin et al. [26] reported that formation of new bone
around Ti-7.5 Mo alloy implants was superior to that
around Ti-6Al-4V alloy implants. According to a study
by Miura et al. [27], a Ti-Nb-Sn alloy was similar to
human bone in elasticity, and equivalent to a Ti-6Al-4V
alloy in biocompatibility. Niinomi et al. [28] reported
that compared to a Ti-6Al-4V alloy, a Ti-29Nb-13Ta-
4.6Zr alloy had temperature-dependent fatigue proper-
ties and a much smaller Young’s modulus. Although
these new materials are more biocompatible, the clini-
cal application of these materials awaits further transla-
tional research.

There are many surface modification processing
techniques. We introduced the ELID method of coating
a metal surface with a stable oxide film. In conven-
tional surface processing after the metal is polished, a
special device or specific etchant is needed, whereas in
the ELID system, the surface modification and the pol-
ishing of any metal are carried out simultaneously.

Fig. 10  Confocal laser scanning
microscopy image. (A) ELID implant,
(B) Non-ELID implant. A membrane
surrounds the ELID implant.

Fig. 11 Fluorescence microscopy
image. (A) ELID implant, (B) Non-
ELID group A membrane encircles
the ELID group implant but not the
Non-ELID group implant.
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Moreover, the ELID system can be applied to any type
of metal materials.

In this study, the difference in TNF-a level between
the ELID and Non-ELID groups was significant only at
8 weeks; the IL-1p and IL-6 levels did not significantly
differ between the groups at any time point. IL-1, IL-6,
and TNF-a are involved in metal dissolution. Akatsu et
al. [29] mentioned that IL-1-induced osteoclast recruit-
ment requires a direct interaction between osteoclast
progenitors and osteoblastic cells. Our present findings
demonstrated that the IL-1p level tended to be higher at
16 and 24 weeks in the ELID groups. This elevation
might result in the stimulation of osteoblastic cells,
leading to osteoconduction. Tamura et al. [30] reported
that increased levels of circulating or locally produced
soluble IL-6 increases osteoclastic bone resorption.
Merkel et al. [31] concluded that TNF-a mediates oste-
olysis. In a study similar to ours, Castellani et al. [32]
inserted rods made of a magnesium alloy (Mg-Y-Nd-
HRE) and titanium alloy (Ti-6Al-7Nb) into rabbit
femurs and measured the serum IL-6 levels at 4,12,
and 24 weeks. They found little difference in the cyto-
kine levels at any time point, indicating that normal
conditions had been maintained and homeostasis had
not been adversely affected.

In the present study, the pull-out test results for the
ELID-treated implants and the conventionally treated
implants were similar. Resistance to pull-out increased
until 8 weeks. Our measurement of the femoral shaft
isthmus, canal, and neck using Photoshop Creative
Suite 6 software (Adobe Systems, San Jose, CA, USA)
detected an increase in the length of the isthmus over
time, and then the formation of an interspace between
the cortex bone and implant, suggesting that surface
modification by the ELID system failed to improve
osteointegration between the cancellous bone and metal
implant.

Machida [33] compared the pull-out resistance of
Ti-6Al-4V and Ti-15A1-4Cr-4Co alloy implants in rab-
bits before and after blast processing, and no significant
difference in pull-out resistance was revealed between
the alloy groups, but greater osteointegration was
observed in the blasted implants. Kim et al. [34] used
pull-out tests to investigate the mechanical effects of
treatment with hydrogen peroxide solution containing
tantalum chloride on titanium fiber mesh implanted
into the femurs of adult beagles. They found that the
bone bonding strength of the treated implants was
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higher than that of the untreated implants at 3 and 5
weeks after implantation but almost equal at 8 weeks
after implantation. It thus remains unclear whether a
surface modification of the metal promotes osteocon-
duction only at the early stage after implantation.

In the present study’s Non-ELID group, we noted
tissue metallosis of the implant bed and many macro-
phages containing metal wear particles. In the ELID
group, a membrane surrounding the implant was seen
on confocal laser scanning microscopy and a fibrous
membrane surrounding the implant was observed on
fluorescence microscopy. This membrane indicates that
the surface processing of the implant increases the bio-
compatibility and reduces the amount of foreign body
reaction.

Facca et al. [35] found no tissue degeneration, neu-
trophil infiltration, or macrophage phagocytosis of
HA-CNT (carbon nanotubes) around implants made of
Ti-6Al-4V metal alloy coated with HA-CNT in their
transmission electron microscopy examination. Pieske
et al. [36] prospectively compared pin-track complica-
tions of titanium alloy pins versus stainless steel pins in
external fixation at the wrist. The rates of pin-loosening
for the stainless steel and titanium alloy pins were 10%
and 5%, respectively. The lower rate of complications
suggests better biocompatibility.

To improve biocompatibility, it is important to avoid
metallosis, and thus ELID processing of metal implants
is preferable.

We investigated whether the ELID processing of
metal implants affected cytokine concentrations, pull-
out resistance, and histopathology at the implant site.
The differences in cytokine concentrations and pull-out
resistance were almost insignificant. However, a fibrous
membrane surrounded the metal implants and almost
no metallosis was seen after the implants were surface-
modified by ELID.

In conclusion, the new surface-modification process
ELID is a useful option to prevent complications associ-
ated with implantation of metal devices.

Acknowledgments. We thank Mr. Yoshitaka Tsunashima, Mr. Rikito
Ishii, Ms. Aki Yoshida and Ms. Reina Tanaka for their assistance in per-
forming the experiments and preparation of microscope slides.

References

1. Middleton JC and Tipton AJ: Synthetic biodegradable polymers as



February 2017

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

orthopedic devices. Biomaterials (2000) 21: 2335-2346.

Kusy RP: Orthodontic biomaterials: from the past to the present.
Angle Orthod (2002) 72: 501-512.

Nakajima H and Okabe T: Titanium in dentistry: development and
research in the U.S.A. Dent Mater J (1996) 15: 77-90.
Steinemann SG: Corrosion of Surgical Implants-in vivo and in vitro
Tests, in: Winter GD, Leray JL, de Groot K, eds, Evaluation of
Biomaterials. New York, John Wiley & Sons (1980) pp 1-34.
Wagner CN and Shabaik AH: Preparation and characterization of
wear debris of orthopedic materials for biocompatible studies. J
Biomed Mater Res (1976) 10: 653-670.

Lardanchet JF, Taviaux J, Arnaksteen D, Gabrion A and Merti P:
One-year prospective comparative study of three large-diameter
metal-on-metal total hip prostheses: serum metal ion levels and
clinical outcomes. Orthop Traumatol Surg Res (2012) 98: 265-274.
Vendittoli PA, Roy A, Mottard S, Girard J, Lusignan D and
Lavigne M: Metal ion release from bearing wear and corrosion with
28 mm and large-diameter metal-on-metal bearing articulations: a
follow-up study. J Bone Joint Surg Br (2010) 92: 12-19.

Ferguson AB, Akahoshi Y, Laing PG and Hodge ES: Trace metal
ion concentration in the liver, kidney, spleen, and lung of normal
rabbits. J Bone Joint Surg Am (1962) 44: 317-322.

Krecisz B, Kie¢-Swierczynska M and Chonmiczewska-Skéra D:
Allergy to orthopedic metal implants -A prospective study. Int J
Occup Med Environ Health (2012) 25: 463-469.

Granchi D, Cenni E, Giunti A and Baldini N: Metal hypersensitiv-
ity testing in patients undergoing joint replacement: a systemic
review. J Bone Joint Surg Br (2012) 94: 1126-1134.

Hallab NJ and Jacobs JJ: Biologic effects of implant debris. Bull
NYU Hosp Jt Dis (2009) 67: 182-188.

Kubo T, Sawada K, Hirakawa K, Shimizu C, Takamatsu T and
Hirasawa Y: Histiocyte reaction in rabbit femurs to UHMWPE,
metal, and ceramic particles in different sizes. J Biomed Mater
Res (1999) 45: 363-369.

Williams DH, Greidanus NV, Masri BA, Duncan CP and Garbuz
DS: Prevalence of pseudotumor in asymptomatic patients after
metal-on-metal hip arthroplasty. J Bone Joint Surg Am (2011) 93:
2164-2171.

Campbell P, Ebramzadeh E, Nelson S, Takamura K, De Smet K
and Amstutz HC: Histological features of pseudotumor-like tissues
from metal-on-metal hips. Clin Orthop Relat Res (2010) 468: 2321-
2327.

Delaunay C, Petit I, Learmonth ID, Oger P and Vendittoli PA:
Metal-on-metal bearings total hip arthroplasty: the cobalt and chro-
mium ions release concern. Orthop Traumatol Surg Res (2010) 96:
894-904.

Fritzsche J, Borisch C and Schaefer C: Case report: High chro-
mium and cobalt levels in a pregnant patient with bilateral metal-
on-metal hip arthroplasties. Clin Orthop Relat Res (2012) 470:
2325-2331.

Ziaee H, Daniel J, Datta AK, Blunt S and McMinn DJ:
Transplacental transfer of cobalt and chromium in patients with
metal-on-metal hip arthroplasty: a controlled study. J Bone Joint
Surg Br (2007) 89: 301-305.

Keegan GM, Learmonth ID and Case CP: Orthopaedic metals and
their potential toxicity in the arthroplasty patient: A review of cur-
rent knowledge and future strategies. J Bone Joint Surg Br (2007)
89: 567-573.

Bouchard PR, Black J, Albrecht BA, Kaderly RE, Galante JO and
Pauli BU: Carcinogenicity of CoCrMo (F-75) implants in the rat. J
Biomed Mater Res (1996) 32: 37-44.

20.

21

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

Novel Processing Method to Modify Implant Surface 57

Lewis CG and Sunderman FW Jr: Metal carcinogenesis in total
joint arthroplasty. Animal models. Clin Orthop Relat Res (1996)
329: S264-S268.

Sunderman FW Jr: Carcinogenicity of metal alloys in orthopedic
prostheses: clinical and experimental studies. Fundam Appl Toxicol
(1989) 13: 205-216.

Ingham E and Fisher J: Biological reactions to wear debris in total
joint replacement. Proc Inst Mech Eng H (2000) 214: 21-37.
Brama M, Rhodes N, Hunt J, Ricci A, Teghil R, Migliaccio S,
Rocca CD, Leccisotti S, Lioi A, Scandurra M, De Maria G, Ferro
D, Pu F, Panzini G, Politi L and Scandurra R: Effect of titanium
carbide coating on the osseointegration response in vitro and in
vivo. Biomaterials (2007) 28: 595-608.

Roy M, Bandyopadhyay and Bose S: Induction plasma sprayed
nano hydroxyapatite coatings on titanium for orthopaedic and den-
tal implants. Surf Coat Technol (2011) 205: 2785-2792.

Mizutani M, Hisamori N, Mizuno T, Ezura A, Ohuchi I, Ohmori H,
Fujiwara K, Doi K and Kuramoto K: Corrosion Wear Characteristics
of ELID-Ground Co-Cr Alloy with Applying Abrasion by Ultra High
Molecular Weight Polyethylene (UHMWPE). Advanced Materials
Research (2011) 325: 201-207.

Lin DJ, Chuang CC, Chern Lin JH, Lee JW, Ju CP and Yin HS:
Bone formation at the surface of low modulus Ti-7.5Mo implants in
rabbit femur. Biomaterials (2007) 28: 2582-2589.

Miura K, Yamada N, Hanada S, Jung TK and Itoi E: The bone
tissue compatibility of a new Ti-Nb-Sn alloy with a low Young’s
modulus. Acta Biomater (2011) 7: 2320-2326

Niinomi M: Fatigue performance and cyto-toxity of low rigidity tita-
nium alloy, Ti-29Nb-13Ta-4.6Zr. Biomaterials (2003) 24: 2673-2683.
Akatsu T, Takahashi N, Udagawa N, Imamura K, Yamaguchi A,
Sato K, Nagata N and Suda T: Role of prostaglandins in interleu-
kin-1-induced bone resorption in mice in vivo. J Bone Miner Res
(1991) 6: 183-189.

Tamura T, Udagawa N, Takahashi N, Miyaura C, Tanaka S,
Yamada Y, Koishihara Y, Ohsugi Y, Kumaki K and Taga T:
Soluble interleukin-6-receptor triggers osteoclast formation by inter-
leukin 6. Proc Natl Acad Sci U S A (1993) 90: 11924-11928.
Merkel KD, Erdmann JM, McHugh KP, Abu-Amer Y, Ross FP
and Teitelbaum SL: Tumor necrosis factor-alpha mediates orthope-
dic implant osteolysis. Am J Pathol (1999) 154: 203-210.
Castellani C, Lindtner RA, Hausbrandt P, Tschegg E, Stanzl-
Tschegg SE, Zanoni G, Beck S and Weinberg AM: Bone-implant
interface strength and osseointegration: Biodegradable magnesium
alloy versus standard titanium control. Acta Biomater (2011) 7:
432-440.

Machida T: A study of Osseointegration of Titanium Alloy Implants
-The Investigation on Effect of Different Surface Treatment-.
Nichidai Koko Kagaku (2004) 30: 245-257 (in Japanese).

Kim T, Suzuki M, Ohtsuki C, Masuda K, Tamai H, Watanabe E,
Osaka A and Moriya H: Enhancement of bone growth in titanium
fiber mesh by surface modification with hydrogen peroxide solution
containing tantalum chloride. J Biomed Mater Res B. Appl Biomater
(2003) 64: 19-26.

Facca S, Lahiri D, Fioretti F, Messadeq N, Mainard D,
Benkirane-Jessel N and Agarwal A: In vivo osseointegration of
nano-designed composite coatings on titanium implants. ACS
Nano (2011) 5: 4790-4799.

Pieske O, Gelang P, Zaspel J and Pitz S: Titanium alloy pins ver-
sus stainless steel pins in external fixation at the wrist: a random-
ized prospective study. J Trauma (2008) 64: 1275-1280.



