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A B S T R A C T

Surface modifications of titanium implants are necessary for predictable implant success, especially in circum-
stances where the bone is of low density or when rapid implant loading protocols are needed. Currently,
overwhelming data regarding different surface modification techniques have been documented; among these,
lasers stand out as a clean and effective modality. This article aims to review the studies related to laser-treated
titanium implant surface and laser metal sintered titanium implant surface.

1. Introduction

Implant therapy has become a basic healthcare need particularly in
countries like Korea or Sweden where the national healthcare insurance
coverage includes dental implants for the edentulous patients [1]. The
majority of dental implants are made from titanium. Titanium is often
regarded as an ideal material for dental implants due to its ability to
osseointegrate with bone. Although Branemark’s discovery of the direct
union of bone to titanium in 1952 was purely serendipitous, he made
strides thereafter that led its way to the widespread use of titanium as
an implant material [2]. In 1981, Albrekstton et al. recommended six
parameters for ensuring successful osseointegration: surgical technique,
the status of bone, loading conditions, implant material, implant design,
and implant surface [3]. Nowadays, the indications for titanium im-
plants have been stretched to include compromised bone and early or
immediate loading protocols [4]. Therefore, advances in titanium sur-
face topography have become integral in the manufacturing process of
commercial dental implants.
Various methods for surface modification include:

1) sandblasting,
2) acid etching,
3) anodization,
4) biomaterial coating,
5) laser-treating or
6) a combination of these.

The main reason for altering the implant surface by these methods is
for creating an optimal surface roughness of titanium which according
to Albrektsson and Wennerberg is a roughness average (Ra) that falls
somewhere between 1–2 μm [5]. The ubiquitous Sandblasting Large-
grit Acid etching (SLA) surface has a 10 year survival rate of
98.8–99.7% [6]. However, surface texturing methods like (SLA) could
produce a hydrophobic surface, while the grit-blasting process could
leave behind contaminants [7]. These contaminants could induce un-
satisfactory cellular or molecular responses resulting in early marginal
bone loss [8]. In this train of thought, lasered surfaces stand out as a
contaminant-free alternative which is clean and biocompatible [9]. This
article aims to review the studies related to laser-treated titanium im-
plant surface(LTIS) and laser metal sintered(LMS) titanium implant
surface.
This review covers the following topics:

1) In-vivo studies that compare LTIS with machined surfaces
2) In-vivo studies that compare LTIS with other surface modification
methods

3) laser metal sintering
4) in-vitro studies
5) soft tissue response to lasered titanium surfaces.

An electronic search was conducted on PubMed and Google Scholar
using the following keywords: implant, laser, surface treatment, sur-
face, titanium. All articles related to dental implants were included,
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there was no exclusion criteria due to the limited number of studies in
laser treated dental titanium implants. (Table 1)

2. Discussion

2.1. In vivo studies: LTIS VS machine surfaces

Branemark’s original implants were machined and had a relatively
smooth surface. These implants were free of impurities and had a
proven track record but required 3–6 months for healing before loading
[10]. Allegrini et al. conducted an in-vivo study on rats which com-
pared machined titanium surfaces with LTIS at 15 days and 30 days
post insertion into the right and left femur. Accelerated bone deposition
at the implant and bone interface were present for LTIS in contrast to
machined surfaces after 15 days. The same study reported Ra values for
machined surfaces and LTIS to be 0.67 μm and 2.01 μm respectively,
clearly establishing the roughness of LTIS in the optimal zone [11].
Allegrini’s in-vivo studies indicate faster healing capacity in LTIS which
favors rapid loading protocols, thus, reducing waiting time for final
restorations on implants. The removal torque value (RTQ) is another
important indicator of strong osseointegration.
Cho and Jung implanted 7 machined surface implants and 7 LTIS in

rabbit tibiae, 8 weeks after implantation the average removal torque for
LTIS was 62.57 ± 10.44 Ncm and 23.58 ± 3.71 Ncm for machined
surfaces [12]. In the same vein, albeit with larger sample size, Faeda
et al. inserted implants into rabbit tibiae, they summarized that LTIS
has the potential for increasing RTQ, achieving optimal Ra value, and

producing a rich oxide layer on the implant surface [13].
Trisi et al. achieved similar results in a sheep model where the

implants were placed in the iliac crest to mimic low-density bone, here
the RTQ were almost three-fold in the LTIS specimens when compared
to machined surfaces [14], thus confirming the viability of LTIS in bone
with low quality.
Palmquist et al. published consecutive studies that experimented

with LTIS. The first study used Titanium Alloy implants (TI6AL4V) in
rabbits, using 10 machined surface implants as the control against 10
LTIS implants. Although the implants were only partially treated by
laser (valleys of the four upper threads), results obtained after 8 weeks
showed a 270% increase in RTQ for LTIS compared to machined surface
implants. Furthermore, histological sections of torqued-out LTIS re-
vealed fractures in the mineralized bone instead of the bone-implant
interface area, and this was attributed to the direct bone-bonding to the
nano-porosities created by laser melting [15]. Subsequently, Palmquist
et al. researched with laser-treated commercially pure Titanium and
compared them with machined surfaces after 6 months, the results were
consistent with the previous studies, hence supporting long term os-
seointegration with strong bonds between LTIS and bone that unite on a
nano-level [16].
On the other hand, Hallgren et al. experienced mixed results in their

research, their initial pilot study displayed no significant benefit of LTIS
over machined surfaces in terms of RTQ, however, their second study
which used an optic-mount rail with an in-situ stereomicroscope to
monitor the laser treating process produced implants with significantly
higher RTQ [17].

2.2. In vivo studies: LTIS VS other surface modification methods (Table 2)
[10–14,16–19]

The majority of LTIS studies show promising results when compared
to machined surfaces which are considered an unaltered surface.
However, because surface modification methods like SLA, modified SLA
and anodization are frequently used, it is then necessary to compare
LTIS with them. Kang NS et al. documented a significant increase in the
RTQ from rabbit tibiae in LTIS compared to implants that had an SLA
surface. The study also recorded a larger pore size (20–40mm) in LTIS
in contrast to SLA (0.2-0.5mm). Moreover, the energy dispersive
spectroscopy (EDS) showed a layer that had 26.17% oxygen on LTIS
whereas the SLA surface was deprived of it [18].
The Implant Stability Quotient is a measurement for primary sta-

bility which is a key factor for success in immediate implant cases [19].
Lee et al. then analyzed the RTQ and resonance frequency by using ISQ
of LTIS, LTIS soaked in NaCl and primary cultured cells, they found no
significant difference between three treatment methods in terms of RTQ
and ISQ measurements [20]. Although, another study conducted by
Park et al. also failed to display a significant increase in RTQ for LTIS
over modified SLA implants [21], these studies could serve as a

Table 1
These abbreviations were used.

FULL NAME WORD ABBREVIATION

roughness average Ra
sandblasting large-grit acid SLA
laser-treated titanium implant surface LTIS
laser metal sintered LMS
removal torque value RTQ
energy dispersive spectroscopy EDS
Implant Stability Quotient ISQ
Bone-to-implant-contact BIC
Electron probe microanalyzer EPMA
hydroxyapatite HA
computer aided design CAD
Alumina blasted/acid etched AB/AE
bone area fraction occupied BAFO
bone mesenchymal stem cells hBMSCs
krypton fluoride KrF
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide MTT
Human gingival fibroblast HGF
focal adhesion kinase FAK
pocket depth PD
versus VS

Table 2
RTQ from in vivo animal studies.

Authors year species n= number implants Observed time Machined (NCm) SLA/modified SLA (NCm) Anodized (NCm) LTIS /LMS (NCm)

Cho and Jung [10] 2003 rabbit 14 8 weeks 23.58 – – 62.57
Faeda et al. [11] 2009 rabbit 24 4, 8, 12 weeks 23.8, 24.0, 33.9 – – 33.0, 39.9, 54.6
Palmquist et al. [13] 2010 rabbit 20 8 weeks 12.6 – – 44.1
Palmquist et al. [14] 2011 rabbit 42 6 months 20 – – 56
Kang et al. [19] 2011 rabbit 24 8 weeks – – 32.83 48.59
Witek et al** [25] 2012 dog 76 1,3,6 weeks – 40,120,130 – 70,140,200
Stubinger et al. [26] 2013 sheep 54 2, 8 weeks 34.7, 19.9 67.8, 73.1 – 78.5, 189.2
Kang et al. [16] 2014 rabbit 24 6 weeks – 52.7 – 79.4
Lee et al. [17] 2016 rabbit 42 3weeks / 4weeks – 41.56/ 42.27 – 39.25*/ 39.49
Trisi et al. [12] 2016 sheep 4 8 weeks 30 – – 86
Park et al. [18] 2018 rabbit 40 7, 10 days – 12.2, 16.2 – 12.3,16.5

* Laser treated samples that were activated with NaCl.
** Values were estimated from bar chart, actual values were not published in this manuscript.

L.K. Khoo, et al. Journal of Oral and Maxillofacial Surgery, Medicine, and Pathology 31 (2019) 381–385

382



justification for an alternative surface treatment method that guaran-
tees clinical outcomes, especially for rapid loading cases, which are on
par with modified SLA. Anodized implants are largely represented on
the implant market as TiUnite;
Kang SH et el implanted 5 commercially available Nobel Biocare

implants (TiUnite surface) and 5 LTIS, the RTQ results were
32.83 ± 6.15 Ncm and 48.59 ± 8.07 Ncm, respectively, this sig-
nificant increase, 148%, according to the author could have been due to
the larger pore size in LTIS [22].
Combining or mixing different surface texturizing techniques is the

logical step towards creating the ideal surface for predictable outcomes
in dental implant therapy. Accordingly, acid etching LTIS was an idea
explored by Rong et al., the authors found similar Bone-to-implant-
contact (BIC) values at 2 weeks and 4 weeks in acid-etched LTIS and
SLA implants, but the Electron probe microanalyzer (EPMA) revealed
Aluminium particles on SLA surfaces, whereas the LTIS were free of
contaminants [23]. Faeda and colleagues coated LTIS with hydro-
xyapatite(HA] via the biomimetic method, they noted that implants
treated this way had superior RTQ compared to machined surfaces and
LTIS without HA.
Although the roughness of the LTIS+HA surface was similar to

LTIS, the chemical presence of HA was thought to be the reason for the
significant increase in RTQ [24]. Karin et al. conducted a similar study
on 30 male rabbit tibiae; they concluded that LTIS is capable of de-
creasing healing time, encouraging osseointegration in the initial phase
post-surgery, while HA served as an adjuvant to promote healing [25].

2.3. Laser metal sintering

The advent of laser metal sintering (LMS) introduced a method for
attaining a laser exposed titanium surface directly from titanium
powder, thus bypassing having to machine titanium prior to subjecting
it to laser. Consequently, 3D custom shapes of titanium could be
manufactured economically by a direct laser beam that fuses a thin
layer of a localized region of titanium powder by melting it in ac-
cordance to its 3D computer aided design (CAD) [26].
LMS implants were reported to have a 99.5% success rate in human

patients after a 1 year follow up, a two-stage technique was used with a
healing period of 2–3 months in the mandible and 3–4 months in the
maxilla [27]. Although only 1 implant failed out of 201 implants [27],
this study does not indicate the potential of LMS implants for rapid
loading protocols and success in bone with poor quality.
LMS implants were then compared with Alumina blasted/acid

etched (AB/AE) implants, Witek et al. found higher RTQ in dog jaws
with LMS implants in contrast to those inserted with AB/AE surface,
these higher values were distinctly obvious in the first week following
implantation [28]. The authors found the histomorphometric results:
the BIC and bone area fraction occupied (BAFO) to reflect the bio-
mechanical measurements only at 1 week after insertion of implants
[28]. Similarly, Stubinger and colleagues placed three different tita-
nium implants (Machined, SLA, LMS) in the pelvis of sheep, RTQs were
significantly higher in LMS implants in comparison to the other im-
plants after 8 weeks, however BIC values were considered similar in all
implants [29].

2.4. In vitro studies

On a cellular level osteoblast cell adhesion to titanium could be
evaluated via the use of primary culture cell lines or tumor cell lines
[30]. Romanos et al. used two different laser beams, Group 1 CO2 laser,
Group 2 Er,Cr:YSGG laser to irradiate titanium discs that were either
machined, coated with HA, sandblasted or Titanium plasma sprayed;
Group 3 as control, were the modified and machined implants that were
not irradiated by laser. Although osteoblast (from human osteosarcoma
cell line SaOS-2) colonized the titanium discs in every group, the au-
thors only described the laser irradiated groups as having good cell

maturation (presence of filipodia) [30].
Wang and colleagues evaluated the surface characterization and

osteogenic potential in machined, SLA and LMS titanium implants [9].
Surface characterization was analyzed under a scanning electron mi-
croscope and X-ray photon spectroscopy, the study found significantly
higher Ra value in LMS samples (6.02 ± 0.35) μm relative to machined
(0.27 ± 0.03) μm and SLA surfaces (2.92 ± 0.04) μm.
Consistent with Rong et al., Aluminium traces were present on SLA

samples, indicating the presence of impurities from the sandblasting
with Al2O3 which is part of the proprietary process of Institute
Straumann AG. Another substantial finding, was that human bone
mesenchymal stem cells (hBMSCs) were attached to the LMS titanium
1.29–1.31 times more than SLA titanium [9].
These results have been consistently documented in in-vitro studies

on LTIS, Chu SF et al. had similar results in terms of surface purity,
osteoblast adhesion (MG-63 osteosarcoma cell line) and hydrophilicity
favoring LTIS over polished surfaces and SLA surfaces, although the SLA
samples were rougher they displayed the least cell proliferation through
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay at every observation time point (24 h,72 h,120 h). Additionally,
the Alkaline phosphatase(ALP) and PGE2 levels which are key osteo-
genic markers, were significantly higher in LTIS [31].
Contrarily, Gyorgyey et al. found no statistical difference between

sandblasted acid etched titanium, Nd:YAG Laser treated titanium and
krypton fluoride (KrF) excimer laser treated titanium when analyzed
with MTT assay and Alamar Blue dye, they found good osteoblast(MG-
63) adhesion in all three samples [32]. A unique detail in Gyorgyey
et al.’s study is the fact that the lasered titanium samples were sand-
blasted and acid etched prior to laser ablation, they also found that
laser-treating caused a significant decrease in roughness despite dis-
playing a similar amount of MG-63 adhesion.

2.5. Soft tissue response to lasered titanium surfaces

The interface between titanium and connective tissue fibroblast
cannot be overlooked because it creates the appropriate barrier for
preventing noxious bacterial invasion and epithelial ingrowth [33].
Numerous studies have documented poorer fibroblast adherence to
sandblasted titanium in contrast to smooth machined surfaces [33,34].
However, laser treated titanium implant collars have displayed good

connective tissue attachment in humans, Nevins et al. harvested the
implants en bloc together with surrounding hard and soft tissues 6
months after implant insertion, the histology and SEM results showed
direct adhesion of connective tissue to the lasered collars in between
the apical termination of junctional epithelium and alveolar bone crest
[35]. Nonetheless, it is impossible to generalize Nevin et al.’s results
due to the small sample size (n=4) and the fact that the harvested
implants were those that did not contribute to the restoration of the
dental arch [35], essentially these implants were unloaded and non-
functional samples.
In line with the human study, recent in vitro experiments have

found laser microchannels at 5 μm expressing higher amounts of ad-
hesion protein and larger fibroblasts cells in contrast to smooth ma-
chined surfaces [36]. Lasered titanium surfaces also promote higher
human gingival fibroblast (hGF) and focal adhesion kinase (FAK) levels
compared to polished and sandblasted surfaces [37]. Laser treating ti-
tanium with extra pulses produced deeper porosities on the titanium
surface, these deep holes were surrounded by beads which appeared to
be the preferred site for fibroblast adhesion, Heinrich et al inferred that
Lasered implants could prevent the downward growth of plaque [38].
Moreover, Rath et al. observed significantly less probing pocket

depth(PD) (1.5mm at 6months, 1.667mm at 12 months) in patients
who received laser treated titanium implants in comparison to ma-
chined implants(2.083mm, 2.167mm) [39]. These results advocate
lasers for texturizing titanium implants particularly around the collar to
form a mucosal seal which is important for maintaining successful
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osseointegration.
Laser-treated titanium implant surface and laser metal sintered ti-

tanium offer promising results in terms of osseointegration and soft
tissue attachment between junctional epithelium and crestal bone. The
3D surface geometries with holey structures produced by laser treating
titanium promote osteoblast adhesion and fibroblast growth. Despite
being less rough than SLA surfaces, lasered surfaces appear to attract a
similar amount of osteoblast cells, this could be attributed to the lack of
contamination or the optimal roughness range of lasered surfaces. The
placement of bone grafts into fresh extraction sockets immediately after
SLA titanium implant insertion was reported to improve the primary
stability of the implants [19]. Similar experiments with lasered im-
plants should be conducted to prove any hypothetical advantage that
lasered implants could offer over other surface modification modalities,
particularly when there are gaps between the implants and the buccal
or lingual bone.
Additionally, multiple in-vivo studies done to assess the RTQ of

implants seem to demonstrate higher values in lasered samples, even
when compared with anodized and SLA surfaces. The majority of an-
imal studies in this review used rabbits for assessing post-implant RTQ,
the main reason for this could be because rabbits are more cost effective
compared to other animals such as dogs or sheep, rabbits are also easy
to handle and have the ideal size for implant insertion [40].
One of the countries that have included implant therapy into their

national health insurance policy is Korea. According to the National
Health Insurance Review and Assessment Service from the Republic of
Korea, the highest level of evidence (Level 1) should be given to sys-
tematic literature reviews targeting randomized controlled trials with
or without meta-analysis [1]. Clearly, further research ideally through
multicenter randomized clinical trials should be conducted to prove the
efficacy of lasered titanium surfaces as dental implants, long-term
success (more than 5 years) in human subjects should be documented
longitudinally. Recently, immediate implant loading has garnered more
acceptability due to the quicker treatment time, instantaneous es-
thetics, early function and the ability to prevent the mesial migration of
posterior teeth into the edentulous space in single tooth implant sites
[6]. Future studies pertaining to immediate loading with LTIS and LMS
implants should be conducted.

3. Conclusions

Although existing literature cannot justify with certainty the success
of using LTIS and LMS titanium implants for low-density bone and
immediate loading protocols, conflicting studies suggesting any dele-
terious effects of LTIS, were to the best of this author's knowledge
scarce. The outcome of analysis shows that lasers could produce tita-
nium implants with surfaces that are biocompatible, contaminant free,
high in oxide content, and displays high removal torque after osseoin-
tegration.
Therefore, LTIS and LMS should at least be regarded as a viable

alternative to other more popular surface modifying techniques that
dominate the implant market such as SLA and Anodization.

Funding

We declared that this paper had no organization support.

Ethics approval

This is the review article so there is no requirement for the IRB No.
from the committee for ethic approval.

Declaration of Competing Interest

We also had no conflict of interest with any organization.

Acknowledgements

The authors would like to thank the staffs, colleagues and dental
assistants including co-workers in the Department of Oral and
Maxillofacial Surgery, Faculty of Dentistry, Mahidol University.

References

[1] Yu SB Song BG, Cheon KJ, Kim JW, Kim YH, Yang BE. Clinical reliability of zir-
conium abutment in implant restorations in the English and Korean literature.
Maxillofac Plast Reconstr Surg 2018;40(September 1):26. https://doi.org/10.1186/
s40902-018-0162-4. eCollection 2018 Dec.

[2] Branemark PI, Adell R, Breine U, Hansson BO, Lindstrom J, Ohlsson A. Intra-osseous
anchorage of dental prostheses. I. Experimental studies. Scand J Plast Reconstr Surg
1969;3(2):81–100.

[3] Albrektsson T, Brånemark PI, Hansson HA, Lindström J. Osseointegrated titanium
implants: requirements for ensuring a long-lasting, direct bone-to-Implant ancho-
rage in man. Acta Orthop Scand 1981;52(2):155–70.

[4] Smeets R, Stadlinger B, Schwarz F, Beck-Broichsitter B, Jung O, Precht C, et al.
Impact of dental implant surface modifications on osseointegration. Bio Med Res Int
2016. https://doi.org/10.1155/2016/6285620. Article ID 6285620, 16 pages.

[5] Albrektsson T, Wennerberg A. Oral implant surfaces: part 1–review focusing on
topographic and chemical properties of different surfaces and in vivo responses to
them. Int J Prosthodont 2004;17(5):536–43.

[6] Hong DGK, Oh JH. Recent advances in dental implants. Maxillofac Plast Reconstr
Surg 2017;39(1):33. https://doi.org/10.1186/s40902-017-0132-2.

[7] Le Guehennec L, Lopez-Heredia MA, Enkel B, Weiss P, Amouriq Y, Layrolle P.
Osteoblastic cell behaviour on different titanium implant surfaces. Acta Biomater
2008;4(3):535–43.

[8] Albrektsson T, Dahlin C, Jemt T, Sennerby L, Turri A, Wennerberg A. Is marginal
bone loss around oral implants the result of a provoked foreign body reaction? Clin
Implant Dent Relat Res 2014;16(April 2):155–65. https://doi.org/10.1111/cid.
12142. Epub 2013 Sep 4.

[9] Wang M, Chen T, Lu S, Zhao Y, Chen H, Wu YW, et al. Osteogenic comparison on
selective laser melting printed and sandblasting-acid-Etching Ti substrates for cus-
tomized implant applications. Sci Adv Mater 2017;9(5):705–14.

[10] Parr GR. Tissue-integrated prostheses: osseointegration in clinical dentistry. J
Prosth Dent 1985;54(4):611–2.

[11] Allegrini Jr S, Yoshimoto M, Salles MB. De Almeida Bressiani AH. Biologic response
to titanium implants with laser-treated surfaces. Int J Oral Maxillofac Implants
2014;29(1):63–70.

[12] Cho SA, Jung SK. A removal torque of the laser-treated titanium implants in rabbit
tibia. Biomaterials 2003;24(26):4859–63.

[13] Faeda RS, Tavares HS, Sartori R, Guastaldi AC, Marcantonio Jr E. Evaluation of
titanium implants with surface modification by laser beam. Biomechanical study in
rabbit tibias. Braz Oral Res 2009;23(2):137–43.

[14] Trisi P, Berardini M, Colagiovanni M, Berardi D, Perfetti G. Laser-treated titanium
implants: an in vivo histomorphometric and biomechanical analysis. Implant Dent
2016;25(5):575–80.

[15] Palmquist A, Lindberg F, Emanuelsson L, Branemark R, Engqvist H, Thomsen P.
Biomechanical, histological, and ultrastructural analyses of laser micro- and nano-
structured titanium alloy implants: a study in rabbit. J Biomed Mater Res Part B
Appl Biomater 2010;92(4):1476–86.

[16] Palmquist A, Emanuelsson L, Branemark R, Thomsen P. Biomechanical, histological
and ultrastructural analyses of laser micro- and nano-structured titanium implant
after 6 months in rabbit. J Biomed Mater Res Part B. Applied Biomater
2011;97(2):289–98.

[17] Hallgren C, Reimers H, Chakarov D, Gold J, Wennerberg A. An in vivo study of bone
response to implants topographically modified by laser micromachining.
Biomaterials 2003;24(5):701–10.

[18] Kang NS, Li LJ, Cho SA. Comparison of removal torques between laser-treated and
SLA-treated implant surfaces in rabbit tibiae. J Adv Prosthod 2014;6(4):302–8.

[19] Jun SH, Park CJ, Hwang SH, Lee YK, Zhou C, Jang HS, et al. The influence of bone
graft procedures on primary stability and bone change of implants placed in fresh
extraction sockets. Maxillofac Plast Reconstr Surg 2018;40(April 1):8. https://doi.
org/10.1186/s40902-018-0148-2. eCollection 2018 Dec.

[20] Lee J-T, Cho S-A. Biomechanical evaluation of laser-etched Ti implant surfaces vs.
Chemically modified SLA Ti implant surfaces: removal torque and resonance fre-
quency analysis in rabbit tibias. J Mech Behav Biomed Mater 2016;61:299–307.

[21] Park KS, Al Awamleh AGI, Cho SA. Comparison of removal torques between laser-
etched and modified sandblasted acid-etched Ti implant surfaces in rabbit tibias. J
Adv Prosthod 2018;10(1):73–8.

[22] Kang SH, Cho SA. Comparison of removal torques for laser-treated titanium im-
plants with anodized implants. J Craniofac Surg 2011;22(4):1491–5.

[23] Rong M, Lu H, Wan L, Zhang X, Lin X, Li S, et al. Comparison of early osseointe-
gration between laser-treated/acid-etched and sandblasted/acid-etched titanium
implant surfaces. J Mater Sci Mater Med 2018;29(4):43.

[24] Faeda RS, Tavares HS, Sartori R, Guastaldi AC, Marcantonio E. Biological perfor-
mance of chemical hydroxyapatite coating associated with implant surface mod-
ification by laser beam: biomechanical study in rabbit tibias. J Oral Maxillofac Surg
2009;67(8):1706–15.

[25] Sisti KE, de Rossi R, Antoniolli AM, Aydos RD, Guastaldi AC, Queiroz TP, et al.
Surface and biomechanical study of titanium implants modified by laser with and

L.K. Khoo, et al. Journal of Oral and Maxillofacial Surgery, Medicine, and Pathology 31 (2019) 381–385

384

https://doi.org/10.1186/s40902-018-0162-4
https://doi.org/10.1186/s40902-018-0162-4
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0010
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0010
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0010
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0015
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0015
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0015
https://doi.org/10.1155/2016/6285620
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0025
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0025
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0025
https://doi.org/10.1186/s40902-017-0132-2
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0035
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0035
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0035
https://doi.org/10.1111/cid.12142
https://doi.org/10.1111/cid.12142
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0045
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0045
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0045
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0050
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0050
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0055
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0055
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0055
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0060
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0060
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0065
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0065
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0065
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0070
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0070
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0070
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0075
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0075
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0075
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0075
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0080
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0080
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0080
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0080
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0085
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0085
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0085
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0090
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0090
https://doi.org/10.1186/s40902-018-0148-2
https://doi.org/10.1186/s40902-018-0148-2
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0100
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0100
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0100
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0105
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0105
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0105
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0110
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0110
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0115
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0115
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0115
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0120
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0120
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0120
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0120


without hydroxyapatite coating, in rabbits. J Oral Implantol 2012;38(June
3):231–7. https://doi.org/10.1563/AAID-JOI-D-10-00030. Epub 2010 Aug 6.

[26] Traini T, Mangano C, Sammons RL, Mangano F, Macchi A, Piattelli A. Direct laser
metal sintering as a new approach to fabrication of an isoelastic functionally graded
material for manufacture of porous titanium dental implants. Dent Mater
2008;24(Nov ember 11):1525–33. https://doi.org/10.1016/j.dental.2008.03.029.
Epub 2008 May 27.

[27] Mangano C, Mangano F, Shibli JA, Luongo G, De Franco M, Briguglio F, et al.
Prospective clinical evaluation of 201 direct laser metal forming implants: results
from a 1-year multicenter study. Lasers Med Sci 2012;27(January 1):181–9.
https://doi.org/10.1007/s10103-011-0904-3. Epub 2011 Apr 26.

[28] Witek L, Marin C, Granato R, Bonfante EA, Campos F, Bisinotto J, et al.
Characterization and in vivo evaluation of laser sintered dental endosseous implants
in dogs. J Biomed Mater Res B Appl Biomater. 2012;100(6):1566–73. https://doi.
org/10.1002/jbm.b.32725. Epub 2012 Jun 12.

[29] Stübinger S, Mosch I, Robotti P, Sidler M, Klein K, Ferguson SJ, et al. Histological
and biomechanical analysis of porous additive manufactured implants made by
direct metal laser sintering: a pilot study in sheep. J Biomed Mater Res B Appl
Biomater 2013;101(7):1154–63. https://doi.org/10.1002/jbm.b.32925. Epub 2013
Apr 6.

[30] Romanos G, Crespi R, Barone A, Covani U. Osteoblast attachment on titanium disks
after laser irradiation. Int J Oral Maxillofac Implants 2006;21(2):232–6.

[31] Chu S-F, Huang M-T, Ou K-L, Sugiatno E, Cheng H-Y, Huang Y-H, et al. Enhanced
biocompatible and hemocompatible nano/micro porous surface as a biological
scaffold for functionalizational and biointegrated implants. J Alloys Compd
2016;684:726–32.

[32] Gyorgyey A, Ungvari K, Kecskemeti G, Kopniczky J, Hopp B, Oszko A, et al.
Attachment and proliferation of human osteoblast-like cells (MG-63) on laser-ab-
lated titanium implant material. Mater Sci Eng C Mater Biol Appl
2013;33(7):4251–9. https://doi.org/10.1016/j.msec.2013.06.020. Epub 2013

Jun 26.
[33] Furuhashi A, Ayukawa Y, Atsuta I, Okawachi H, Koyano K. The difference of fi-

broblast behavior on titanium substrata with different surface characteristics.
Odontology 2012;100(2):199–205. https://doi.org/10.1007/s10266-011-0029-y.
Epub 2011 Jun 21.

[34] Hormia M, Kononen M, Kivilahti J, Virtanen I. Immunolocalization of proteins
specific for adhaerens junctions in human gingival epithelial cells grown on dif-
ferently processed titanium surfaces. J Periodontal Res Suppl 1991;26(6):491–7.

[35] Nevins M, Nevins ML, Camelo M, Boyesen JL, Kim DM. Human histologic evidence
of a connective tissue attachment to a dental implant. Int J Periodontics Restorative
Dent 2008;28(2):111–21.

[36] Lee DW, Kim JG, Kim MK, Ansari S, Moshaverinia A, Choi SH, et al. Effect of laser-
dimpled titanium surfaces on attachment of epithelial-like cells and fibroblasts. J
Adv Prosthodont 2015;7(2):138–45. https://doi.org/10.4047/jap.2015.7.2.138.
Epub 2015 Apr 23.

[37] Baltriukiene D, Sabaliauskas V, Balciunas E, Melninkaitis A, Liutkevicius E,
Bukelskiene V, et al. The effect of laser-treated titanium surface on human gingival
fibroblast behavior. J Biomed Mater Res A 2014;102(3):713–20. https://doi.org/
10.1002/jbm.a.34739. Epub 2013 May 30.

[38] Heinrich A, Dengler K, Koerner T, Haczek C, Deppe H, Stritzker B. Laser-modified
titanium implants for improved cell adhesion. Lasers Med Sci 2008;23(1):55–8.
Epub 2007 Apr 28.

[39] Rath SK, Kosala M, Gupta A. Comparative evaluation of laser-microtextured implant
versus machined collar implant for soft and hard tissue attachment: a clinical and
radiological study. Indian J Dent Res 2017;28(3):298–303. https://doi.org/10.
4103/ijdr.IJDR_578_15.

[40] Stübinger S, Dard M. The rabbit as experimental model for research in implant
dentistry and related tissue regeneration. J Invest Surg 2013;26(5):266–82. https://
doi.org/10.3109/08941939.2013.778922. Epub 2013 Apr 25.

L.K. Khoo, et al. Journal of Oral and Maxillofacial Surgery, Medicine, and Pathology 31 (2019) 381–385

385

https://doi.org/10.1563/AAID-JOI-D-10-00030
https://doi.org/10.1016/j.dental.2008.03.029
https://doi.org/10.1016/j.dental.2008.03.029
https://doi.org/10.1007/s10103-011-0904-3
https://doi.org/10.1002/jbm.b.32725
https://doi.org/10.1002/jbm.b.32725
https://doi.org/10.1002/jbm.b.32925
https://doi.org/10.1002/jbm.b.32925
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0150
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0150
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0155
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0155
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0155
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0155
https://doi.org/10.1016/j.msec.2013.06.020
https://doi.org/10.1016/j.msec.2013.06.020
https://doi.org/10.1007/s10266-011-0029-y
https://doi.org/10.1007/s10266-011-0029-y
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0170
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0170
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0170
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0175
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0175
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0175
https://doi.org/10.4047/jap.2015.7.2.138
https://doi.org/10.4047/jap.2015.7.2.138
https://doi.org/10.1002/jbm.a.34739
https://doi.org/10.1002/jbm.a.34739
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0190
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0190
http://refhub.elsevier.com/S2212-5558(18)30404-6/sbref0190
https://doi.org/10.4103/ijdr.IJDR_578_15
https://doi.org/10.4103/ijdr.IJDR_578_15
https://doi.org/10.3109/08941939.2013.778922
https://doi.org/10.3109/08941939.2013.778922

	Titanium fixture implants treated by laser in dentistry: Review article
	Introduction
	Discussion
	In vivo studies: LTIS VS machine surfaces
	In vivo studies: LTIS VS other surface modification methods (Table 2) [10–14,16–19]
	Laser metal sintering
	In vitro studies
	Soft tissue response to lasered titanium surfaces

	Conclusions
	Funding
	Ethics approval
	mk:H1_11
	Acknowledgements
	References




