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Abstract

The Effects of Neodymium:Yttrium-Aluminum-Garnet Laser (Nd:YAG) On TiUnite®
Surface at Set Distance and Energy Level in Different Ambient Environments: An in
vitro Scanning Electron Microscopic Evaluation.

Thu Mai Versteegh, Master of Science, 2014.

Thesis Directed by: Dr. Mary-Elizabeth Aichelmann-Reidy, Department Chair,
Periodontics.

Background: Lasers are gradually being used more for the surface treatment of
contaminated implants in cases of peri-implantitis. Surface effects were recently
characterized to evaluate changes to implants in a dry environment, using a single pass of
a Nd:YAG laser at a variety of energy densities. The clinical surface treatment of ailing
implants is usually complicated by the presence of blood and saliva. The aim of this study
was to evaluate via scanning electron microscopy (SEM) the effect of a single pass of a
Nd:YAG laser on the TiUnite® implant at 10mm distance and at 3.0 W energy level in

different environments (dry, saline, saliva, blood).

Methods: A total of eight NobelReplace® TiUnite® Tapered implants were mounted on
a jig and pulled at a constant speed across a Nd:YAG laser at an energy level of 3.0W
and at a distance of 10mm. Each experimental group (dry, saline, saliva, blood) consisted
of two implants. Each of these two implants per group was irradiated on three different
surfaces, contributing six samples to each experimental group. Each irradiated surface
contributed four threads to the analysis. ImageJ software was used to calculate the area of

surface alteration for each thread.



Results: It was found that all irradiated implants (wet or dry) had damage on the
irradiated surfaces using Nd:YAG laser at the set distance and energy level. The surface
alterations on the implants included charring, blackening, loss of surface roughness,
flattening, cracking, and in severe cases melting and crater formation. After one-way
ANOVA analysis of all experimental groups, there was a statistically significant
difference in surface alterations amongst groups (dry or wet). Verified with Tukey HSD
test, it was found that there was no statistical difference in surface alterations between the

saline and saliva groups.

Conclusions: The application of Nd:YAG laser on TiUnite® implants regardless of the
ambient environments produced surface damage when observed under SEM with the
least damage observed in saline and saliva. Based on this study, it is desirable to irrigate
implant surfaces with saline while using Nd:YAG in order to minimize the surface

alterations seen in a blood environment.
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Introduction

Tooth loss is a normal phenomenon when primary teeth get replaced properly by
adult or permanent teeth. Apart from this, any other types of tooth loss are usually
undesirable and need appropriate intervention for replacement. A variety of reasons may
be associated with tooth loss such as genetics, injuries or diseases. Therefore, tooth loss
has been recognized as a public concern. Causes for missing teeth can include congenital
absence, dental caries, periodontal diseases, accidental trauma, mechanical fractures, and

systemic and pathologic complications such as cancers [1-3].

A study based on a US population involving 736 male adults has revealed the
most common causes of tooth loss. These include caries (30%), extraction for prosthetic
reasons (31.3%), and periodontal disease (18.7%) [4]. However, periodontal disease may
account for a larger proportion of tooth loss in older adults [5]. Tooth loss may lead to
reduced functional capabilities of mastication and speech. Patients with missing teeth are
also associated with a decline in nutritional, aesthetic and psychological status. This
could lead to associated negative effects in self-esteem and social behaviors [6]. Hence, it
is essential to replace the missing teeth in order to avoid such physical as well as

psychological impacts.

Tooth replacement options

Along with the continuous advancement in dentistry, both patients and
practitioners have become aware of various options for tooth replacement in order to
minimize the shortcomings of traditional methods for tooth replacements or no tooth

replacement.



Historically, tooth replacement options commonly include removable dentures or
fixed partial dentures (FPD, also commonly known as bridges). Removable dentures are
usually the least costly option. However, they come with multiple drawbacks such as
necessary removal of teeth and/or some tooth structure, long-term weakening of
supporting teeth in certain types of partial denture designs, increased risks of soft tissue
irritation and pathologies related to improper denture use, and increased contribution to
alveolar ridge resorption over time [7]. Patients with removable dentures often complain
of nuisances having to remove dentures daily for cleansing, reduced masticatory function

and comfort.

Even though fixed partial dentures have improvements over removable options,
tooth replacement by fixed dentures is also associated with certain disadvantages. Case
selection is limited for fixed partial dentures. Not all cases of missing teeth can be
replaced with fixed partial dentures; it depends on the pattern and positions of the lost
teeth. Fixed partial dentures also require removal of a large portion of tooth structure of
the abutment teeth. Among other disadvantages are cleansing difficulty under the bridge
and possible replacement of the entire bridge unit if one or few supporting teeth become

affected by disease in the future [7].

In recent decades, dental implants have been recognized as an acceptable method
for replacement of lost teeth. Despite longer treatment time and being surgically
involved, dental implants not only have become a standard of care for tooth replacement,
but they have also gained a higher acceptance because of the significant conservation of

adjacent teeth, improvement in esthetics, function as well as comfort for patients [7].



The following factors should be taken into account while planning for implant
restorations: psychological status, past and present medical history, amount of alveolar
bone available to anchor an implant, bone density, critical anatomy and proximity to vital
structures, addiction, smoking, parafunctional and oral habits, occlusion, and patient
expectations [8]. Various aspects of dental implants have been studied over the last few
decades with the thorough evaluation of implant survival. It is widely accepted that

implants have a favorable survival rate between 90-100% [9-13].

History of Dental Implants

In the 1950’s, orthopedic surgeon, Dr. Per-Ingvar Branemark, accidently
discovered dental implants while experimenting with rabbits. In order to study bone
healing, Dr. Branemark fabricated titanium viewing chambers in rabbit fibulas. He
noticed at the end of the experiments that titanium chambers could not be removed
following implantation in the rabbit femur. He later characterized that titanium has a
potential for osseointegration [14]. In 1965, Branemark treated his first edentulous patient
with implants for supporting a fixed prosthesis [14]. Branemark described
osseointegration as follows: “the osseointegrated implant is directly connected to living
remodeling bone without any intermediate soft tissue component” [15]. Once

osseointegrated, an implant cannot move inside the bone in which it is embedded.

Dental implants now came in various shapes, sizes and applications, of which
root-form implants are the most commonly used. Implants are generally categorized as
endosteal (implants within bone), subperiosteal (framework placed on bone), and

transmandibular/transosteal (implants placed through the bone from superior to inferior



aspect of the mandible) [16]. The endosteal is the most commonly used implant that can

come in the following forms: root, screw or cylinder, blade, and plate-form [16-20].

Endosteal Implant Materials and Surfaces

Based on their chemical compositions, dental implants can be manufactured using
different materials such as metals, ceramics, or polymers; while they can also be
classified as biotolerant, bioinert or bioactive based on the type of response elicited from
the body. Biotolerant implants are encapsulated in fibrous tissue and are usually not
rejected by the body once implanted. Bioinert implants lead to contact osteogenesis,
whereas bioactive materials allow for new bone growth and chemical bond formation,

known as bonding osteogenesis, between the material and the bone [21].

Metal implants

Various metals, such as niobium, tantalum and titanium alloy, have the ability to
osseointegrate [22]. However, a majority of modern implants used in dentistry are
manufactured from titanium (Ti) and titanium alloys. Gold, cobalt-chromium and

stainless steel have been discontinued because of their fibrous encapsulation tendency.

Once exposed to air, Titanium immediately forms an oxide layer consisting of
TiO3, TiOy, Tiy03, TizO4. The oxide layer usually has a thickness of 100 angstrom, which
acts as the main active interface with body environments [21,23,24]. This oxide layer
protects Ti from corrosive breakdown and biological reactions within the body [25]. Pure
titanium is commercially classified on the basis of its oxygen content: grade-1 has the

least amount of oxygen (0.18%), whereas grade-4 contains the highest amount (0.4%)



[26]. Trace elements can be added to result in different mechanical properties of each
grade. Ti alloy often contains traces of Vanadium (V), Aluminum (Al), Iron (Fe) along
with some carbon (C) and nitrogen (N) which enhance the mechanical strength of the
implant. The biologic outcome of implant osseointegration depends on the condition and

purity of the oxide layer, which in turn depends on the presence of trace elements [24].

Ti alloys, such as Ti-6Al-4V, are better implant material over commercially pure
titanium [21]. The inclusion of aluminum increases weight and mechanical properties,
while vanadium acts as an aluminum scavenger to decrease corrosion [25]. Another new
Ti-alloy, the Titanium- Zirconium (Ti-Zr) alloy has been shown to improve mechanical
properties compared to pure Ti and is favorable for narrower implants and those exposed
to high stresses. Both the Ti-alloys (Ti-6Al-4V and Ti-Zr) showed similar

osseointegration time and bone tissue responses [27, 28].

Polymeric and ceramic implants

Polymeric and ceramic implants have limited use nowadays due to inferior
mechanical properties, a lack of adhesion to biologic tissues and adverse biologic
responses. Examples of polymeric materials include polyurethane, polyamide fibers,
polymethylmethacrylate resin, and polytetraflueroethylene [21]. Implants made from
polymers demonstrated inferior stress-bearing ability, as well increased fibrous

encapsulation [29, 30].

Ceramic dental implants are often made from zirconia, hydroxyapatite, tricalcium

phosphate and bioglasses [21]. Mechanical failures and fractures are commonly



associated with ceramic coatings, hence their use has been mostly discontinued [31].
More recently, zirconium implants have become more popular for use in anterior regions
due to the lack of metallic shadow and ease of manufacture [21]. Hydroxyapatite (HA)
coated dental implants have a long history since the 1980s. Nonetheless, their use is
becomingly less popular. These implants have increased susceptibility to microbial
colonization on exposure to the oral environment due to their roughness and
hydrophilicity. The HA coating can over time become separated from the Ti surface, and
putative periodontal pathogens preferentially colonize HA coated surfaces over Ti

surfaces, increasing risk for peri-implant infection [32, 33].

Implant surfaces

Implant surfaces have an effect on differentiating osteogenic cells relative to their
osteoconductive capability. Osteoconduction means that bone grows on a surface. An
osteoconductive surface is one that permits bone growth on its surface or down into pores
[34]. In this regard, roughened surfaces may show favorable characteristics for
osteoconduction through increased surface area for fibrin clot attachment [35]. Ti
surfaces of dental implants can be classified into smooth (S;<1um) and rough (S;>1pum)

surfaces, where S, refers to average surface roughness [31].

Roughness of implant surfaces varies from one manufacturer to another
depending on the techniques employed. Roughness contributes to higher surface area for
bone to implant contact (BIC), higher torque removal values, and improved long-term
survival for shorter implants [36-38]. Implant surfaces can be roughened by several

methods. Examples of these techniques include sandblasting combined with acid etching
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(SLA implants), particle blasting without acid etching (MTX implants), acid etching
alone, titanium plasma spraying (TPS implants), and anodizing the implant surface

(TiUnite). [39].

In this study, the TiUnite® surface of NobelBiocare® implants was evaluated.
These implants have a moderately rough thickened titanium oxide layer surface,
characterized by high crystallinity and phosphorous content. The implants are anodized in
a galvanic cell that has a phosphoric acid electrolyte. Once the current passes through the
cell, the surface oxide layer thickens from about 5nm to about 10,000nm. The average
surface roughness (S,) of TiUnite implants is 1.1um [31]. Ivanoff and colleagues [40]
found that TiUnite® surfaces were rougher and had higher BIC than the turned or smooth
implant surfaces. Smooth surface or machined implants demonstrated lower long-term
survival and exhibited various degrees of fibrous encasement as opposed to direct bone

contact which was seen in roughened implants [41].

Biology of Osseointegration

Placing a dental implant causes injury to the receiving bone. However, this initial
injury and preparation of the bone to receive the dental implant ultimately helps in
implant stability, and the bleeding during implant placement actually delivers the
necessary cells for osseointegration [42]. Blood cells influencing clot formation are the
first biological components to come into contact with the implant. As a response to the
foreign implant surface, platelets undergo changes and lead to a fibrin matrix formation
over the implant surface. This matrix serves as an osteoconductive scaffold, which results

in eventual differentiation and osteoinduction in the immediate area around the implant



[43]. Osteoinduction means that undifferentiated cells are stimulated to develop into
bone-forming cell lineage [34]. Two hours post-surgical implantation, coagulum occupies
the chamber units directly between the pitches of the implant [44]. Erythrocytes,
neutrophils and macrophages were also found to be present within the fibrin network
[44].

The peri-implant bone formation around sandblasted and acid-etched (SLA)
implants has been studied in a dog model, and the initially empty bone “chamber” located
between implant threads filled with coagulum and granulation tissue were replaced by a
provisional matrix [44]. One week biopsy specimens revealed the provisional matrix to
be rich in collagen fibrils and sprouting vascular structures and a newly formed bone to
be in direct contact with the SLA surface (contact osteogenesis). At two weeks, new bone
formation was found to be intense in all compartments surrounding the device, and the
bone was also extending from the parent bone into the space between the threads. At four
weeks, wound healing progressed with continued bone formation extending from the cut
bone surface towards the “chambers” between the implant threads. This new bone
consisted of woven bone as well as a parallel-fibered and lamellar bone. Finally, most of
the experimental chambers were filled with bone by six weeks and marked signs of bone

remodeling appeared in the bone chambers at eight to twelve weeks [44].

Implant success
An implant is considered osseointegrated when there is no movement between the
implant and the bone in which it is imbedded. According to Albrektsson in 1986, criteria

for implant success are as indicated [45]:



1. No detectable implant mobility.

2. No peri-implant radiolucency.

3. Lack of progressive vertical bone loss exceeding 0.2mm annually following the

first year.

4. Absence of irreversible symptoms such as pain or parastheisa.

The International Congress of Oral implantologists (ICOI) consensus conference
in 2007 established three primary categories regarding implant health scale (Table 1).
The success category describes optimum health.

implants still in function but may be compromised. The failure category represents an

implant that should be or already has been removed (Table 1) [46].

Table 1. Health scale for dental implants. Adapted from Misch, Carl E., et al., Implant
success, survival, and failure: the International Congress of Oral Implantologists (ICOI)

pisa consensus conference. Implant dentistry, 2008. 17(1): p5-15.

implant Quality Scale
Group

Clinical Conditions

|. Success (optimum health)

Il. Satisfactory survival

lll. Compromised survival

IV. Failure (clinical or absolute failure)

a) No pain or tendemess upon function

b) O mobility

c) <2 mm radiographic bone loss from initial
surgery

d) No exudates history

a) No pain on function

b) 0 mobility

c) 2-4 mm radiographic bone loss
d) No exudates history

a) May have sensitivity on function

b) No mobility

c) Radiographic bone loss >4 mm (less than
1/2 of implant body)

d) Probing depth =>7 mm

e) May have exudates history

Any of following:

a) Pain on function

b) Mobility

c) Radiographic bone loss >1/2 length of
implant

d) Uncontrolled exudate

e) No longer in mouth

The survival category describes



Peri-implantitis

A periodontitis-like process called peri-implantitis may affect an implant once it
is integrated and exposed to the oral environment. According to Berechet, this may lead
to the loss of bone around implants and eventually to loss of implants if left untreated,
just as untreated periodontitis may lead to loss of teeth [47].

Peri-implantitis is defined as an inflammatory process affecting tissues around an
osseointegrated implant in function with the loss of supporting bone. Peri-implant
mucositis is defined as reversible inflammatory changes in the soft tissues surrounding a
functional implant without any bone loss [48].

The sixth European Workshop of Periodontology agreed upon the signs and
symptoms of peri-implant diseases. Peri-implantitis is characterized by bone loss,
increased probing depths, bleeding on probing and suppuration on probing. The bone loss
pattern is usually crater-like, runs around the implant and sharply demarcated. Mere
inflammation is not sufficient to define peri-implantitis. In addition, not all probing
depths greater than 3 mm indicate peri-implantitis, depending on the depth of implant
platform relative to crestal bone at time of placement [19,49].

Froum and Rosen [50] staged peri-implantitis into early, moderate and advanced.
Early peri-implantitis is characterized by probing depths > 4mm and bone loss < 25%,
moderate peri-implantitis by probing depths > 6mm and bone loss of 25-50%, and
advanced peri-implantitis by probing depths > 8mm and bone loss >50%. All these stages
present with bleeding and/or suppuration on probing [50].

In a Brazilian population of 212 subjects in 2006, the prevalence of peri-implant

mucositis and peri-implantitis were reported to be 64.6% and 8.9%, respectively [51].
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Koldsland reported radiographic bone loss > 2mm with probing depth > 4mm to be
present in 11.4% of implants and 25.3% of patients over an 8.4 year period of observation
[52]. Risk factors for increased odds for having peri-implant disease included smoking,
history of periodontal disease, and diabetes [51-53].

Role of microorganisms

Microorganisms have been thought to play a major role in peri-implantitis [54].
Human studies revealed plaque deposition on implants associated with mucositis and
showed differences in the microflora in the successful versus ailing implants. On the
other hand, animal studies showed that plaque-retentive ligatures around implants lead to
shifts in the microflora and eventual peri-implantitis. Improved oral hygiene levels lead
to improved clinical status of peri-implantitis patients [54].

Surface modification to increase surface area can be advantageous for bone to
implant contact of the osseointegrated implant. However, upon exposure to the oral
environment, increased surface roughness contributes to undesirable retention of biofilm
on implant fixtures. Bacterial species around successful healthy implants are similar to
those found in healthy teeth [55]. Sulci of clinically healthy implants are predominated by
facultative, gram-positive rods, and cocci. Whereas pockets in peri-implant disease
usually harbor bacteria comparable to those seen in periodontitis such as P. gingivalis, P.
intermedia, P. nigrescens, T. forsythia, C. rectus and Aa (serotype b) [20]. Beneficial
species and bacterial complexes were reduced in diseased versus healthy implants, and
higher levels of pathogens from more pathogenic complexes were found in diseased

implant sites [56].
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Management

Peri-implantitis can be managed by means of either non-surgical or surgical
approaches. A non-surgical approach can be accomplished with the use of mechanical
instrumentation and/or local or systemic antibiotic administration. Radiographic and
histological improvements are superior in the surgical groups compared to the non-
surgical controls [48]. Clinical results also suggest that non-surgical therapy is inferior to
surgical modalities given the lack of access, visibility and inability to regenerate lost bone
[19, 20].

Peri-implantitis can be surgically managed either by a resective or regenerative
approach. In case of minimal bone loss, resective procedures are preferred, involving
removal or re-contouring of bone, and apical positioning of the tissues. Regenerative
procedures are suggested when moderate bone loss has occurred. Bone grafts and
membranes with the occasional addition of biologic growth factors are usually employed
when regeneration is desired. Removal of the implant and subsequent regeneration of the
deficient ridge may be indicated in cases of advanced peri-implant bone loss [48].

Regardless of the treatment modality selected, the goals of managing peri-
implantitis requires: disturbance and removal of the peri-implant biofilm,
decontamination of the implant surface, correction of defects that are not maintainable,
establishment of adequate homecare, regeneration and re-osseointegration of the lost
peri-implant bone, and controlling systemic diseases [19, 20].

Surface decontamination must be considered critical for both surgical and non-
surgical treatment of an ailing implant. Moreover, it is important that the method

employed must not result in increased plaque retention over time [57].
12



Means of implant surface decontamination can be categorized as mechanical,
chemical, and laser-assisted [48]. Mechanical methods include the use of ultrasonic or
hand scalers, air abrasive powders and pumice polishing cups. Chemical decontamination
comprises the use of local antimicrobials such as chlorhexidine, tetracycline, citric acid,
hydrogen peroxide and phosphoric acid [48, 58-60].

Laser-assisted therapies are newer treatment modalities, including photodynamic
therapy (PDT) and other laser applications. PDT employs a photosensitizing dye such as
toludine blue, when activated with a light or laser wavelength, which leads to generation
of cytotoxic molecules that are lethal to bacterial cells. Toludine dye and laser treatment
lead to destruction of Aa, P. gingivalis and P. intermedia on TPS (Ti plasma sprayed),

SAE (acid-etched) and HA (hydroxyapatite) coated implants [61].

Lasers for Surface Decontamination

Properties of lasers

LASER (Light Amplification through Stimulated Emission of Radiation) was first
developed from Einstein’s theories and introduced in the 1960s. Laser light is
monochromatic (consisting of one color), collimated (consisting of parallel rays with low

divergence), and coherent (having synchronous waves) [62].

Laser light is produced by energizing a certain substance, or gain medium, within
a resonating chamber. Laser systems can be classified using many different criteria. The
most common classifications are those related to the type of gain medium and

characteristics of the laser light (Table 2) [63].
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Table 2. Classifications of laser systems. Adapted from Ishikawa 1., et al., Application of
lasers in periodontics: true innovation or myth? Periodontology 2000, 2009. 50: p. 90—
126

Criteria Types Examples*
Output energy Low-output, soft, or therapeutic Low-output diodes
High-output, hard, or surgical Diodes, CO», Nd:YAG, Er:YAG,
Er,Cr:YSGG
State of the gain medium Solid-state Nd:YAG, Er:YAG, Er,Cr:YSGG, KTP
Gas HeNe, Argon, CO2
Excimer F,, ArF, KrCl, XeCl
Diode GaAlAs, InGaAs
Oscillation mode Continuous-wave CO,, Diodes
Pulsed-wave CO,, Diodes, Nd:YAG, Er:YAG,

Er,Cr:YSGG, KTP

Most lasers used in surgical applications emit wavelengths in the infrared range of
the spectrum (Figure 1) [62]. Examples of such lasers are the neodymium:yttrium—
aluminum—garnet laser (Nd:Y AG), which has a wavelength () of 1,064 nm; the erbium—
yttrium-aluminum-—garnet laser (Er:YAG) with A of 2,940nm; and the CO2 laser with A
of 10,600nm and 9,600nm. Lasers of longer wavelengths, especially in the infrared part
of the spectrum, are used in tissue ablation and have hemostatic effects [62]. However,
they tend to cause tissue heating that leads to protein denaturation, decomposition of

tissues, micro-explosion of cell water and charring [64].
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Figure 1. Electromagnetic spectrum and wavelengths of lasers. Adapted from
Aoki, A., et al., Lasers in nonsurgical periodontal therapy. Periodontol 2000, 2004. 36:
p. 59-97.

Laser light is emitted from an energized laser material (semiconductor, crystal,
gas, or dye). Depending on the laser’s wavelength, lasers can concentrate light energy to
strongly influence the irradiated tissue [62]. Laser energy can be reflected, absorbed,
scattered or transmitted when it interacts with biologic tissues [62]. Once absorbed, the
laser can exert its effect using one of the following possible mechanisms: photothermal
ablation (vaporize or coagulate tissues), photomechanical ablation (through shockwave

formation or cavitations) or photochemical effect (use of light sensitive substances to

treat certain conditions) [65].

Certain laser wavelengths penetrate tissues differently. Laser energy that is not
reflected or scattered off the surface of tissue subsequently penetrates the tissue. The
penetration depth depends on wavelength, absorption coefficient, and composition of the

receiving tissue. Energy of the 1064nm Nd:YAG laser penetrates tissue twice as deep as
15



the 830-nm diode laser. This effect can diffuse power delivered and allow coagulation

necrosis to predominate [66].

Laser energy may be delivered by three different modes: continuous, gated-pulse,
and free running pulse mode. In continuous mode, the emission is at a constant and stable
energy level as long as the switch is activated, while the emission functions in bursts of
“on” and “off” periods in gated-pulse mode. The free running pulse mode involves
emission of a large amount of energy within microseconds, followed by a relatively long
“off” period [65]. In this mode, the stored energy releases in bursts so that the maximum
energy delivered can be greater than that shown on the control panel. In contrast to free

running pulse mode, gated-pulse has a “shutter” that interrupts the laser beam.

Factors influencing the amount of delivered energy include pulse duration (milli-
seconds), pulse energy (Joules J), and number of pulses per second (Hertz Hz). Other
factors affecting on energy density are fiber diameter, beam divergence and distance from

the object being irradiated.

Laser in dentistry

Lasers were first used in hard tissue treatments of caries and for preparing tooth
structure [62]. Diode lasers result in rapid cutting, vaporizing, and bacterial reduction
when used in contact mode. However, coagulation occurs when used in non-contact
mode. Diode lasers have been documented for use in soft tissue procedures
(gingivectomy, frenectomy, vestibuloplasty) [67], in conjunction with scaling and root

planning (SRP) to reduce and eliminate bacteria in pockets [68], soft tissue tumor
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resection, and peri-implant soft tissue surgeries [69]. Diode use has also been studied on
Ti implant surfaces. Surfaces of titanium dioxide-blasted implants (TiOblast™) after
diode laser treatment looked similar to untreated surfaces under SEM when used at the
decontamination settings (1W) and even on the highest diode setting (15W) [70]. Argon
lasers (Excimers) when used in hard tissue ablation and calculus removal have been
shown to increase tooth temperature. The use of energy density > 600J/cm? resulted in
histological pulpal damage in an in-vivo canine model. In human teeth, temperature

changes of 6 degrees were documented at an energy density of 900 J/cm?[71].

Bacterial decontamination by laser has been useful in both endodontics and
periodontics. In endodontic applications, Nd:YAG has been used for the inactivation of
E. coli endotoxin in root canal systems [72-77]. In periodontal treatment, laser energy
reaches both hard and soft tissues due to the proximity of the gingiva, periodontal
ligament, alveolar bone and cementum. Lasers were shown to reduce inflammation,
accelerate tissue repair, enhance wound healing, and remove of scar tissues [65].
CO; and Nd:YAG lasers are most commonly used and are effective in soft tissue

management in periodontics and in oral surgery.

Several studies reported benefits of Nd:YAG laser use in treating periodontal
diseases. Nd:YAG lasers when used in conjunction with scaling and root planning (SRP)
decreased IL-1p in gingival crevicular fluid (GCF) four weeks after its use when
compared to using SRP alone [78]. There were statistically insignificant changes in IL-1p
and MMP-8 but improvement was seen in clinical parameters of pocket depth,

attachment levels and gingival index [79]. Nd:YAG has the ability to remove the smear
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layer from teeth; however, the high settings could create a temperature rise that could
potentially lead to pulpal damage [62]. A laser assisted new-attachment procedure case
series, where Nd:YAG was used in conjunction to SRP in non-surgical therapy, found
that new cementum was formed in all cases and in most cases, periodontal regeneration
was noted [80]. Periodontal regeneration was seen in another case series of eight
individuals where 50% of teeth evaluated exhibited signs of regeneration (new PDL,
cementum and bone), 40% showed long junctional epithelium and 10% displayed new

cementum and connective tissue fibers without new bone [81].

Recently, studies have evaluated the use of Nd:YAG lasers around Ti dental
implants for decontamination of these implant surfaces. Several authors have noted
surface alterations, namely partial melting, cracking and crater formation in Ti implants
with Nd:YAG laser [82, 83] while some noted no surface alterations [84]. Hydrophilicity
of Ti surfaces changed from Ti** to Ti** with a one minute application of Nd:YAG lasers,
which resulted in the conversion of Ti surface to a more hydrophilic nature that promotes
cell adhesion [85]. When irradiated with 3W or greater with an Er:YAG laser, surface
changes were noted on commercially pure and anodized Ti disks, but no changes were
noted with the use of CO; laser. Surface roughness increased after laser irradiation [86].
Giannelli et al. [87] evaluated LPS adherent to Ti implant surfaces after treatment with
Nd:YAG laser and found that the LPS-induced inflammatory response was blunted as

evidenced by decreased nitric oxide production by macrophages.
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Objective

Few in vitro studies have looked at the effect of laser(s) on dental implant
surfaces in a dry ambient environment. Effects of Nd:YAG laser on titanium-spray-
coated and hydroxyapatite- coated implant surfaces were examined, revealing undesirable
surface alterations such as melting, cracks and crater formation; and insufficient
detoxification [88-90].

A pilot study at University of Maryland (Ward, M., et al., 2013) evaluated
changes in implant surfaces in a dry environment, using a single pass of a Nd:YAG laser
at various energy densities. This study concluded that in a dry environment, “the
application of Nd:YAG laser on all implants at all distances produced surface damage,
observed under SEM. At higher wattages, distance had a greater effect on implant surface

changes.”

In reality, the clinical surface treatment of ailing implants is complicated by the
presence of blood and saliva. One cannot achieve a moisture-free environment during
treatment. The aim of this follow-up study was to evaluate via scanning electron
microscopy (SEM) the effect of a single pass of a Nd:YAG laser on the TiUnite®
implant surface at one set distance (10mm) and at a pre-determined energy level (3.0W),
in different environments (dry vs. saline vs. saliva vs. blood). We hypothesize that
implant surface changes following irradiation with a Nd:YAG laser would not be

different for the wet or dry environment or across wet environments.
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Materials and Methods

For these experiments, a Nd:YAG laser was used. Implants were irradiated with
Nd:YAG laser (PerioLase® MVP-7™, Millenium Dental Technologies, Inc.) at a power
setting of 3.0W corresponding to an energy frequency of 150mJ at 20KHz frequency.
The laser fiber was set to a distance of 10mm perpendicular to the implant surface. These
settings were chosen based on optimal bacterial disinfection and pilot evaluation (Ward,
M., et al,, 2013). The pilot study included single implants irradiated with 0.8W, 2.0W,
3.0W, 4.0W and 6.0W at contacting (parallel), 3mm and 10mm (perpendicular) distance
from the implant surface. Extensive damage was seen with the 4.0W and 6.0W settings as
well as when the laser fiber was contacting the implants. In the experimental groups of
0.8W, 2.0W and 3.0W, it was concluded that the higher the energy level, the more
damage occurred to implant surfaces. When the fiber was positioned closer to the implant
surface, more profound damage occurred to the surface but a smaller surface area was

affected.

Experimental design

An implant jig was constructed using a rail mounted to a leveled wooden block
and pulled by an implant motor (Figure 2 and 3). The implant motor was set to 15rpm
pulling the implants on the jig at a constant speed. The implants were simultaneously
irradiated with an Nd:YAG laser, the tip of which was set at a 90° angle to the implant at
a distance of 10mm away from the implants. This was done to simulate fiber orientation

during surgical treatment of implants (Figure 4).
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A total of eight NobelReplace® Tapered implants (NobelBiocare®) with a
TiUnite® surface were individually mounted onto the jig and pulled with the motor while
being simultaneously irradiated with the laser at a standard velocity of 1.4mm/s. The

implants had a 6mm diameter and a 10mm length.

Each laser-irradiated experimental group (dry, saline, saliva, blood) consisted of
two implants, with each implant being irradiated at three different surfaces at 120 degree
rotation. There were six irradiated samples per experimental group. Each irradiated
surface of each implant contributed four initial threads to the analysis as repeated
measurements. One implant was not irradiated and used as a pristine control, which was

used for characterizing surface changes but did not contribute to the analysis.

For each experimental group, the implant was coated with a constant stream of
either sterile 0.9% saline, saliva (donated by the author), or porcine blood (Pampango
Brand, Oxon Hill, MD, USA). Monojet syringes were used to deliver the experimental
solutions (saline, saliva, and blood) to the implant surfaces while being irradiated (Figure
5). After laser irradiation, each implant was rinsed thoroughly with sterile water for one

minute, and thoroughly dried by compressed air for two minutes.

All implants were handled under sterile conditions during laser therapy. See Table

3 for the distribution of the experimental groups.
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Figure 3. Photograph of the jig fabricated to move the implants in linear motion at a
constant speed. Adapted from pilot study (Rostami, et al. 2013).

- R

Figure 4. Implant mounted on the jig. Laser fiber was positioned perpendicular to
the implant surface.
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Figure 5. Monojet syringes were used to deliver experimental solutions to implant
surfaces during irradiation.

Table 3. Summary of implant treatments for experimental groups

Implant#  Distanc Energy Surfaces  Threads
e level irradiated observed
per surface

Control 9 (pristine) n/a None None 4

Scanning Electron Microscopy

After treatment with the laser, the implants were scanned under scanning electron
microscopy (SEM) (Quanta™ 200, FEI systems. Hillsboro, Oregon) at the following
magnifications: 50x, 350x 500x, 1000x, and 5000x (Figure 6). Implant surface

characteristics were compared for qualitative differences in surface topography caused by
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the laser treatments. A non-irradiated control implant was also scanned under SEM for
reference and comparison. The approximate area of surface change was measured
through ImageJ software (V1.46, National Institute of Health. Bethesda, Maryland,
USA). All analyzed SEM images were at 1000x magnification (Figure 7). The area of
interest (treatment area as identified by the notch) was first centered and identified at 50x
and then remained the center of focus for all subsequent threads and magnification levels.
The parameters measured were area of surface alteration including any flattening of
surface, charring, darkening (blackening), melting, cracking, bubbling, and loss of

TiUnite® surface.

Figure 6. SEM machine for studying implant surface changes.
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Figure 7. Identified area of implant thread used in measuring surface changes.
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Statistical analysis

Altered surface areas (um2) per implant thread were analyzed. Mean surface area
per sample was calculated by averaging four repeated measurements of four threads per
irradiated surface (Table 8). The mean data from each of the six irradiated surfaces were
used for calculating mean and standard deviations for each experimental group. One-way
ANOVA was used to compare altered surface areas among all groups. Tukey HSD test
was used to compare surface alterations between each two experimental groups. These
analyses were performed using JMP (JMP Software, Statistical Discovery™, Cary, NC,

USA).
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Results
Pristine Control Implant

Under SEM, the control implant had a highly porous surface with pore openings
ranging from 2-5um. At higher magnifications the implant surface is highly rough and
porous with porosities uniformly distributed along the entire implant surface including
the threads and the troughs or grooves (Figure 8). There is no evidence of surface
contaminants, charring, darkening, bubbling, cracking, cratering, flattening, or any

melting on these implants. Figure 9 shows a pristine control implant.

Figure 8. Pristine implant at 1000x. Porosity of the implant thread and trough (groove)
could be noted as well as absence of surface contaminants, charring, burning, melting,
cracking, cratering, or flattening.

Figure 9. Photograph of pristine implant. The NobelReplace® Tapered Select implant has
a machined collar with TiUnite® body.
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Irradiated dry implant

At 10mm distance and 3.0W energy level, diffuse melting, charring, and
flattening of the surface were noted (Figure 10). The average surface area of alteration in
this group was 19,727 + 2,633 pm? (Table 4). A photograph of a representative implant
of this group is shown in Figure 11. Visible inspection of these implants revealed no
detectable surface changes. The arrow (Figure 11) indicates the notch for positioning the
path of travel of the laser fiber optic and for locating the irradiated surfaces on the SEM

imaging system.
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Table 4. Altered surface areas of irradiated dry implants at 1000x magnification.

Implants Threads damaged mean surface
surface area area per
(Hm?) sample (um?

Laser —dry 1 Thread 1 22,145.7
Thread 2 16,404.4

: 19,110.7
Thread 3 15,405.5
Thread 4 22,487.4
Laser - dry 2 Thread 1 19,654.4
Thread 2 17,253.0

’ 1 1.

Thread 3 21,415.2 9:591.9
Thread 4 20,045.2
Laser - dry 3 Thread 1 22,966.5

Thread 2 19,699.5 20.299.9
Thread 3 18,988.3
Thread 4 19,545.6
Laser - dry 4 Thread 1 25,291.2
Thread 2 20,658.3

Thread 3 24,946.4 24,300.2
Thread 4 26,305.1
Laser - dry 5 Thread 1 18,026.9
Thread 2 20,426.9

’ 16,228.2

Thread 3 12,019.2 6,228

Thread 4 14,439.8
Laser - dry 6 Thread 1 19,821.4

Thread 2 21,509.1 18.831.4
Thread 3 16,709.9
Thread 4 17,285.3

Number of samples 6
Standard deviation 2,633.8
Mean 19,727.0
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Figure 10. Implant irradiated in dry environment at 1000x.
Diffuse charring, melting and flattening of the surfaces were
noted.

Figure 11. Photograph of implant irradiated in dry environment. The arrow shows the
path of travel of the laser fiber optic. Surface alteration was not readily detectable by the
naked eye.

Irradiated implant in saline

The average surface area of alteration in this group was 12,110.8 + 4,216.8 um?
(Table 5). The difference in altered surface area was statistically significant compared
with all groups, except with the saliva group (Tables 9). The affected areas were more
isolated and not as diffuse. The implant surface exhibited the least charring and minor
darkening without melting (Figure 12). Loss of TiUnite surface can be seen only in the

grooves (troughs) but not on the threads (Figure 13). At higher magnification (5000x),
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surface flattening and retained sodium chloride (NaCl) particles were observed (Figure
14). Visible inspection of these implants reveals no detectable surface changes (Figure
15).

Table 5. Altered surface areas of irradiated implants in saline at 1000x magnification.

Implants Threads | Altered surface Mean surface
area (Lm?) area per szample
(Lm?)
Laser - saline 1 Thread 1 13,574.6
Thread 2 22,353.2
: 12,037.6
Thread 3 6,662.4
Thread 4 5,560.5
Laser - saline 2 Thread 1 18,087.4
Thread 2 16,905.2
: 14,931.3
Thread 3 8,392.1
Thread 4 16,340.5
Laser - saline 3 Thread 1 16,195.5
Thread 2 4.806.4 11.030.3
Thread 3 12,182.2
Thread 4 10,937.1
Laser - saline 4 Thread 1 13,941.9
Thread 2 5,225.8
: 6,126.6
Thread 3 2,650.1
Thread 4 2,688.9
Laser - saline 5 Thread 1 23,342.2
Thread 2 15,656.9
. 18,431.9
Thread 3 12,098.5
Thread 4 22.630.3
laser - saline 6 Thread 1 5,300.4
Thread 2 16,560.2 10107.1
Thread 3 7,815.2
Thread 4 10,752.8
Sample size 6
Standard deviation 4.216.8
Mean 12,110.8
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Figure 12. Implant irradiated with saline. Isolated minor burning and charring were

noted.

Figure 13. Implant irradiated with saline. Loss of anodized surface was noted at the
groove.

Figure 14. Implant irradiated with saline. Surface flattening and retained sodium chloride
particles were noted.
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Figure 15. Implant irradiated with saline. Surface changes on threads could not be readily
seen by the naked eye.

Irradiated implant in saliva

The average surface area of alteration in this group was 12,947.9 + 1,286.6 um?
(Table 6). The mean affected surface area was slightly larger than the saline group, but
this difference was not statistically significant. However, the difference in surface area in
this group was statistically significant compared to the other two groups (dry and blood)
(Table 9). The implant surface also exhibited less charring and melting when compared to
the blood and dry groups (Figure 16). The areas of alteration were also more isolated,
similar to the saline group. The affected surface areas had more shallow damage. No

changes were evident by visual inspection alone.
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Table 6. Altered surface areas of irradiated implants in saliva at 1000x magnification.

Implants Threads Altered surface | Mean surface
area (umz) area per sample
(um?
Laser - saliva 1 Thread 1 18554.6
Thread 2 18701.5
11,046.
Thread 3 2302.6 046.3
Thread 4 4626.6
Laser - saliva 2 Thread 1 17243.1
Thread 2 10453.6 12.877.1
Thread 3 12511.9
Thread 4 11300
Laser - saliva 3 Thread 1 11513.4
Thread 2 18667.3
14 4
Thread 3 17225.6 ,908
Thread 4 12227.4
Laser - saliva 4 Thread 1 12385.6
Thread 2 15616.6
12,264.
Thread 3 11238.4 ,264.3
Thread 4 9816.6
Llaser - saliva 5 Thread 1 18239.4
Thread 2 12531.6 13.068.5
Thread 3 10662.5
Thread 4 10840.6
Laser - saliva 6 Thread 1 15996.1
Thread 2 11860.4
13,522.8
Thread 3 16553.3
Thread 4 9681.7
Sample size (n) 6
Standard deviation 1,286.6
Mean 12,947.9
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Figure 16. Implant irradiated with saliva. Minor but diffuse darkening of the implant
surface was noted.

Irradiated implant in porcine blood

This was the only experimental group where very noticeable visible changes to
the surface were noted. The irradiated path on the implants was identifiable by its reddish
color (Figure 17). The average surface area of alteration for this group was 26,963.6 +
708.3 um? (Table 7). This treatment group had the largest affected surface at 1000x
magnification, and this difference was statistically significant to all other groups (dry,
saline, saliva) (Table 9). The affected implant surfaces had the most charring and melting,
with crater formations or almost complete flattening. Cracking could not be visualized at
any magnification. All images of this group had a “glowing” characteristic compared

with other groups (Figures 18 and 19).
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Table 7. Altered surface areas of irradiated implant in porcine blood at 1000x
magnification.

Implants Threads | Altered surface area | Mean surface area per
(um?) sample (Um?)
Laser - blood 1 Thread 1 23554.6
Thread 2 26822.4
26,873.
Thread 3 27882.7 68736
Thread 4 29234.7
Laser - blood 2 Thread 1 26859.4
Thread 2 29147.6
27 .
Thread 3 26564.5 369.0
Thread 4 26904.6
Laser - blood 3 Thread 1 28644.5
Thread 2 29157.5 28.042.0
Thread 3 27616.6
Thread 4 26749.6
Laser - blood 4 Thread 1 27839.5
Thread 2 24727.1
25,931.1
Thread 3 24028.9
Thread 4 27129
Laser - blood 5 Thread 1 28910.8
Thread 2 25731.2
26,928.7
Thread 3 26736.8 6,928
Thread 4 26336.1
Laser - blood 6 Thread 1 27069.6
Thread 2 27095.8 26.637.4
Thread 3 24869.4
Thread 4 27514.9
Sample size (n) 6
Standard deviation 708.3
Mean 26,963.6

35



Figure 17. Irradiated implant in porcine blood. The reddish color along the affected areas
was noted.

Figure 18. Implant irradiated with porcine blood. Significant glaring, large porosity
(craters), melting, and charring were noted.

Figure 19. Implant irradiated with porcine blood. Surface flattening of the implant was
evident.
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Table 8. Mean altered surface area for irradiated implants in all experimental groups.

Sample Group Sample group Mean damaged surface
name number area per sample (um?)

Laser - Dry 1 1 19,110.7
Laser - Dry 2 1 19,591.9
Laser - Dry 3 1 20,299.9
Laser - Dry 4 1 24,300.2
Laser - Dry 5 1 16,228.2
Laser - Dry 6 1 18,831.4
Laser - Saline 1 2 12,037.6
Laser - Saline 2 2 14,931.3
Laser - Saline 3 2 11,030.3
Laser - Saline 4 2 6,126.6
Laser - Saline 5 2 18,431.9
Laser - Saline 6 2 10,107.1
Laser - Saliva 1 3 11,046.3
Laser - Saliva 2 3 12,877.1
Laser - Saliva 3 3 14,908.4
Laser - Saliva 4 3 12,264.3
Laser - Saliva 5 3 13,068.5
Laser - Saliva 6 3 13,522.8
Laser - Blood 1 4 26,873.6
Laser - Blood 2 4 27,369.0
Laser - Blood 3 4 28,042.0
Laser - Blood 4 4 25,931.1
Laser - Blood 5 4 26,928.7
Laser - Blood 6 4 26,637.4
Total sample

size 24
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Table 9. Summary of p-values from one-way ANOVA and Tukey HSD tests

Experimental groups P value
Among all experimental groups P<0.01
Dry vs saline P<0.01
Dry vs saliva P<0.01
Dry vs blood P<0.01
Saline vs saliva Non-significant
Saline vs blood P<0.01
Saliva vs blood P<0.01
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Discussion

The application of Nd:YAG lasers for the treatment of periodontitis is well-
known [78,79]. Lasers, especially Nd:YAG, have been used for decontamination of
implant surfaces, as the prevalence of peri-implantitis increases [82,88,91].

Numerous oral bacteria rapidly colonize at the implant sulcus once a dental
implant is placed, and the complexities of this biofilm is yet to be understood [92].
Subgingival flora associated with a peri-implantitis-affected implant include
Fusobacterium  spp.,  Streptococcus spp., H. pylori, H. influenzae, A.
actinomycetemcomitans, P. gingivalis, T. forsythia, and S. aureus [93]. Giannini et al
showed bacterial ablation on sand-blasted Ti surfaces without altering any morphological
features of the implant surfaces, using a mean power of 1-1.4W [104]. Nd:YAG laser has
been found to reduce the pro-inflammatory potential of Ti disk-adherent LPS in an in
vitro study [87].

The present study aimed to investigate the microscopic effect of surface treatment
of TiUnite® implants with Nd:YAG laser at a set distance and energy level in varying
environments (dry vs. saline vs. saliva vs. blood). The implant surfaces were examined
under SEM for qualitative and quantitative alteration to the surface. An attempt was made
to simulate the wet environment found in the mouth. However, this study failed to
simulate the proportions of blood, saliva and saline that may occur during surgical
treatment, since this varies from patients to patients.

The implants were examined visually as well as under SEM. Visually the

irradiated implants with blood showed the most recognizable affected surfaces with a
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reddish tint; while all other implant groups showed no visible surface changes when
viewed with the naked eye.

The treatment of implants with Nd:YAG laser in this study produced microscopic
changes in all environments (wet or dry). SEM images revealed surface changes that
included flattening of the surface, charring, burning, melting, cracking, crater formation,
and loss of the TiUnite® surface. Loss of the anodized surface was only noticed in the
grooves in the saline group.

In terms of the affected surface area and the quality and characteristics of damage,
irradiated implant surfaces found to be the least damaged were treated in saline and
saliva, while more diffuse alterations were seen in the dry and blood environments.
Saline and saliva resulted in more isolated islands of alteration. There was no statistical
difference in mean altered surface area between the saline and saliva groups (Table 9).
Surface area of damage was greatest and significantly different for blood-coated implants
compared to all other environments. Mean altered surface area of the blood-coated
implants had the smallest standard deviation, whereas the largest standard deviation was
observed in saline-coated implants.

Laser is a light; as previously mentioned; its properties are affected by the ambient
environments that transmit the laser beam. In principle, four phenomena exist relative to
the propagation of light: reflection, scattering, absorption and transmission. Scattering
increases the amount of area over which the laser energy is distributed, thereby
decreasing the intensity of the interaction per surface area [94]. As the absorption
increases; the reflection, scattering and transmission decrease. Nd:YAG laser is poorly

absorbed by water (Figure 20). Consequently, the Nd:YAG laser is more likely to be
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transmitted and scattered in the water environment [62]. Saline and saliva mainly consist
of water. Hence in this study, the smaller mean altered surface areas and the more
isolated patterns of alteration observed in these two environments could be the result of
the properties of Nd:YAG laser in water. Presence of solutes, contaminants, microbes,
proteins, etc. can act to alter the absorption coefficient in saliva [63]. This could explain
the slightly larger observed surface area alteration of saliva-coated implants than that of
the saline-coated implants, but the increase in absorption could have been trivial.
Nd:YAG laser is well absorbed by dark substances, Indian ink or other kinds of dark
pigments such as hemoglobin and melanin (Figure 16). Moreover, hemoglobin
concentration has an impact on the absorption coefficient of the Nd:YAG laser [95,96].
On average, human blood contains 80% hemoglobin [97]. The levels of hemoglobin can
vary among individual members of one species and among different species of animals.
(Table 10) [98]. In general, when energy is absorbed by tissue, the energy is converted to
heat, which in turn causes a rise in temperature [99]. This rise in heat level could have
resulted in more altered surface areas observed on blood-coated implants in this study.
Moreover, the heat-generating characteristic of Nd:YAG laser could provoke a relatively
thick coagulation layer on the lased surface [62]. This coagulating effect could be the
reason for the reddish tint observed on the irradiated surfaces of the blood-coated
implants, even following rinsing with sterile water.
If a coagulated hemoglobin layer remained and became embedded into the
porosities of these implants, this layer could cause a condition called “charging” on the
SEM images. Charging is observed when a material cannot effectively conduct the

electron beam directed to it during imaging. The conducting specimens will quickly
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accumulate charge causing surface potential to rise. As a result, the image will “glow” or
cause general distortion. Polymer materials and biological specimens, which are
generally not heat-resistant, are easily damaged by the electron beam [100]. Therefore,
the suggestive retained coagulated blood on the implant surfaces could result in distortion
to the SEM images, and could also coat the implant pores making the surface appear to
be more flattened or more porous. This artifact could lead to error of the perceived

damaged surfaces during interpretation.

Table 10. Hemoglobin levels for various species of animals

Animal Hb (g/dL)
horse 11-18
0X 8-15
sheep 9-16
goat 8-18
Human 15
Pig 10-18
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Figure 20. Absorption coefficient of different lasers in difficult tissue environments.
Adapted from http://www.dentalcare.com/en-US/dental-education/continuing-
education/ce394/ce394.aspx?ModuleName=coursecontent&PartiD=3&SectionID=-1
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Besides the “charging” effect observed on SEM images, another factor that could
also contribute to bias in interpretation was variation in sizes of implant threads. It was
observed on the collected SEM images that thread sizes varied within the same implant
and amongst different implants even though all the implants were of the same diameter
and length (6x10mm) (Figure 21 and 22). This variation in manufacturing process was
accounted for in this study by averaging altered surface areas of multiple threads on each
irradiated surface. The thread sizes and total surface areas of threads (1000x
magnification) were calculated for all experimental groups (Table 11). It was found that
there was no statistical difference in thread size and total surface area of threads amongst
the groups. Therefore, the results of this study did not change whether absolute values of
altered surface area or percentages of altered surface area were used for analyzing
statistical differences.

Table 11. Average thread size, thread surface area, and percent of altered surface area (at
1000x) in all experimental groups.

Groups Mean altered Mean thread | Mean thread surface area Percent of
surface area (Um?) | diameter(pim) (um?) altered area
Dry 19,727.1+ 2,633.8 110554 33,058.0+£ 1,528.8 59.7%
Saline 12,110.8+4,216.8 | 112.8+12.9 33,742.4 £ 2,827.4 35.9%
saliva 12,947.9+ 1,286.6 1146 £ 5.7 34,111.0£ 1,694.2 38.0%
blood 26,963.7 £ 708.3 111.1+1.3 33,062.2 £ 386.3 81.6%
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Figure 22. Variation in thread uniformity within same thread. The larger diameter was
noted on the right side of the thread.

The study was conducted with new sterile implants. Therefore, the results are not
applicable for the ailing implant surfaces, which are contaminated with bacteria, plaque,
calculus, and sometimes dental cements. It is important to examine the effects of the laser
when the implants are coated with bacteria or other surface contaminants. It would be
worth investigating whether the surface contaminants shield the laser beam from reaching

the implant surfaces.
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Based on the results of this study, in order to achieve less alteration to implant
surfaces, it is desirable to irrigate the surfaces with saline for displacement of blood
during irradiation. Nevertheless, it is of paramount importance to explore the effect that
irradiated implant surfaces have on cell attachment, especially when crystallized sodium
chloride particles and coagulated hemoglobin could be retained on treated surfaces.
Albuoy et al. evaluated different implant surfaces post-surgically following mechanical
debridement of experimentally induced peri-implantitis. The authors investigated
TiUnite®, which continued to have bone loss after treatment, while the other implant
surfaces (TiOblast™ and SLA®) showed radiographic bone gain post-treatment.
Differences in treatment outcomes may result because of the different nature of implant
surfaces [101]. A recent report suggested that the rough TiUnite® surface can be
removed by an Er:YAG laser, and the resultant smoother surface can be used for possible
re-osseointegration and better decontamination [102]. The authors demonstrated

osseointegration on the uncontaminated laser irradiated surface.

Future research designed to determine the possibility of re-osseointegration of
TiUnite® implants after decontamination with Nd:YAG laser in vivo would be important.
It is important to explore whether the observed surface alteration is a hindrance to re-
osseointegration post treatment of implants and whether the energy density necessary for
decontamination produces any harmful effects in vivo, in order to establish the safety of

the Nd:YAG laser on surrounding bone and soft tissue.
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