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Abstract 

Title of Thesis: The Effects of Neodymium:Yttrium–Aluminum–Garnet Laser on the 

TiUnite
®
 Surface at Set Distance and Energy Levels: An in vitro Scanning Electron 

Microscopic Evaluation 

Thesis Directed by: Dr. Mark Reynolds, Chairman, Department of Periodontics 

Background: Lasers are increasingly being used in the treatment of ailing implants with peri-

implantitis. This study sought to evaluate via scanning electron microscopy (SEM) the effect of a 

single pass of a Nd:YAG laser on the TiUnite® implant surface at pre-determined distance and 

energy levels. Methods: 6 irradiated NobelReplace® TiUnite® Tapered implants were 

mounted on a jig and pulled at a constant speed across a Nd:YAG laser at energy levels of 0.8W, 

2.0W and 3.0W and at a distance of 3mm or 10mm. Each implant provided 3 treatment surfaces, 

one per energy setting at the set distance. The first three threads of each implant were selected for 

analysis under SEM. Imaging software was used to calculate the area of surface alteration for 

each thread. Results: It was found that the further the laser fiber optic was from the implants the 

greater the affected area. The area of effect at 3mm at the different energy levels was 21,490µm
2
 

± 7,975, 48,986 µm
2
 ± 6,195and 47,362 µm

2
 ± 5,810 for 0.8W, 2.0W and 3.0W, respectively. For 

the 10mm distance, the area of effect was 11,548µm
2
 ± 3,287, 10,723 µm

2
 ± 5,651 and 

14,403µm
2
 ± 5,435. The altered areas on the implants included charring, blackening, loss of 

surface roughness and in severe cases melting, blistering and loss of surface layer. After repeated 

ANOVA, it was found that distance had a greater effect on implant surface alteration at higher 

energy levels (2.0W and 3.0W) than at the lower energy level of 0.8W indicating that distance 

becomes a more significant contributor to implant surface damage when higher energy levels are 

used. Conclusions: The application of Nd:YAG laser on all implants at all distances produced 

surface damage when observed under SEM with distance having a greater effect on implant 

surface changes at higher wattages. It remains to be investigated whether this surface damage is a 

hindrance to re-osseointegration after treatment of implants with laser. 
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The Effects of Neodymium:Yttrium–Aluminum–Garnet Laser On the 

TiUnite® Surface at Set Distance and Energy Levels: An in vitro 

Scanning Electron Microscopic Evaluation 

 

Introduction 

The causes of tooth loss have been explored by several authors over the last few decades. 

Particular attention has been given to options for tooth replacement in this population of 

partially edentulous individuals. Tooth loss is a multi-factorial event with causes that 

include: caries, periodontitis, trauma and root fracture[1-3]. The loss of teeth can lead to 

reduced function, loss of alveolar bone, self-esteem issues, social and esthetic concerns 

among others[1]. Tooth replacement options that are commonly given to patients include 

full or partial dentures, fixed bridges where applicable and most recently implant therapy. 

Dental implants have received much attention as a viable means of tooth replacement in 

adults with missing teeth.  

Causes of Tooth Loss 

A Brazilian study of 13,431 individuals based on the 2003 national epidemiological oral 

health survey showed the average tooth loss was 14; half of the subjects had lost 12 teeth. 

Some of the factors associated with tooth loss were lower education levels, never visiting 

the dentist and not visiting the dentist in at least the last 3 years [4]. In a long term study 

of tooth loss over a 10-year period amongst 587 Chinese participants, it was found that 

between 45% and 96% of the subjects lost at least one tooth, with the average number of 

teeth lost ranging between 1-7.2 teeth per individual. As shown by several authors of 

population tooth loss studies, the distribution of the number of teeth lost was skewed with 
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the minority of subjects losing a majority of the teeth[5]. Logistic regression analysis 

identified the following significant predictors for tooth loss: age, a high number of 

carious teeth, presence of teeth with loss of attachment of 7mm or greater, mobility and 

subgingival calculus[5]. At the subject level caries and periodontitis were equally 

important in causing tooth loss, but at the tooth level caries was the main cause of tooth 

loss in all age groups[5].  

A study of 509 officers and soldiers in Greece aged 18-44 years, found a total number of 

1,231 teeth extracted due to periodontitis (34.4%), caries (32.2%) and other reasons 

(33.4%)[6]. Risk factors for loss of teeth due to periodontal reasons were found to be age, 

furcation involvement and mobility. Maxillary and mandibular first and second molars 

were the most commonly extracted teeth to periodontal disease[6]. Although caries and 

periodontal disease can vary as the main cause of tooth extraction depending on the 

patient’s age and socioeconomic status, other factors were identified in a study of 4,204 

extracted teeth in a population of 3,431 subjects. They included attrition, orthodontic 

reasons, super-eruption, neoplasms, supernumerary teeth, cystic lesions and hypoplasia 

[7].  

In a study of a US population of 736 male adults, caries was found to be the cause of 

tooth loss in a third of extracted teeth, while extraction for prosthetic reasons was 31.3% 

and for periodontal disease was 18.7% [8]. A recent look at the NHANES III data by 

Albandar showed that there has been a gross underestimation of periodontitis in the US. 

The author adjusted for biases caused by the study protocols, data collection methods on 

full- versus partial- mouth records and estimated that 50% of Americans over the age of 

30 have periodontitis[9].   
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A more recent look at the US population was carried out by Eke[10] and revealed a high 

burden of periodontitis among adults. It was found that over 47% of the population 

(representing 64.7 million adults) had periodontitis. The groups were distributed as 8.7%, 

30.0% and 8.5% with mild, moderate and severe periodontitis respectively. Periodontitis 

was highest in men, Mexican Americans, adults with less than a high school education 

and those below 100% of the poverty level and current smokers.  

Tooth Replacement 

Replacement of missing teeth to restore function and esthetics is fast becoming a demand 

of patients presenting to a dental office. As dentistry has grown and advanced over the 

years, so have the options available to replace missing teeth. In a retrospective study 

evaluating patient acceptance of different single tooth replacement options, 200 

participants (121 females and 79 males) were divided into four categories: fixed bridge, 

removable partial denture, dental implant and those who opted for no treatment. The 

majority of participants reported function and esthetics as the main reasons for seeking 

tooth replacement. Factors that were found to influence choice of prosthesis were: 

gender, education level and income. Women tended to opt for fixed or implant options, 

while male participants were likely to opt for removable or no treatment. Those that had 

higher education levels were more likely to opt for a tooth replacement option. Most of 

those with high income levels chose the implant option. Patient reported factors included 

damage to the adjacent teeth, duration of treatment, pain and post-operative discomfort, 

cost, awareness of the different treatment options and dental phobia. The highest 

satisfaction levels were seen with dental implants and fixed bridges, while the least 

satisfaction was in the denture and no treatment groups[11]. Another viable tooth 
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replacement option is tooth autotransplantation, if a donor site is available, though this 

option is less favorable when adult dentitions are concerned. Factors that should be 

considered when looking to this option are the patient’s age and occlusion as well as the 

size and shape of the missing tooth and the tooth to be autotransplanted[12]. 

Some factors in treatment planning for implant restoration of the missing teeth should 

include: patient’s medical history, amount of bone available to anchor an implant, bone 

density, anatomy, proximity to vital structures, addiction, smoking, parafunctional habits, 

occlusion, and patient expectations[13]. Various aspects of dental implants have been 

studied over the last few decades with implant survival having been evaluated 

thoroughly. It is widely accepted that implants have a general survival rate between 90-

100%[14-18].  

History Of Dental Implants 

Dental implants of one form or another have been used in human history as shown by 

archeological evidence. Among other findings, an archaeological excavation in a 

Neolithic cemetery in Egypt yielded a 5,500 year-old shell carving of a human tooth. 

Based on its crown and root form it most closely resembled a maxillary incisor and there 

is debate on whether it more closely resembled a central or lateral incisor. There have 

been several interpretations of its function, including the possibility that it was intended 

to be used as a dental implant[19]. Gold has also been used as an implant material in 

other archeological sites and civilizations. The earliest proof of an osseointegrated 

implant comes from the Maya civilization. A 2,600 year-old fragment about of a human 

mandible was found in 1931; it was thought to belong to a young female. A radiograph of 

the mandible taken in the 19070s showed bone formation around the implants, suggesting 
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they were inserted while the subject was still living and not post mortem as was 

originally suspected[20]. An iron-based dental implant found in a Gallo-Roman 

population shows direct bone to implant contact. The individual found  was estimated to 

be over 30 years old and dated back to the first century A.D. Analysis of the metal 

fragment showed it to be iron or non-alloy steel and of a rough and rugged surface[21].  

Dental implants as they are known today were accidentally discovered in the 1950’s by 

an orthopedic surgeon, Dr. Per-Ingvar Brånemark, when experimenting on rabbits. He 

fabricated titanium-viewing chambers in rabbit fibulas, which were used to study various 

aspects on bone healing and biology. The chambers were used in a long-term study to 

visually inspect the bone through an intravital microscope. When the experiments had 

concluded, the titanium chambers were to be removed, but he noted that they were 

“inseparably incorporated within the bone”[22]. From that point, interdisciplinary 

collaboration led to the development of titanium implants for dental use. Brånemark 

published a study in 1983 evaluating the use of titanium dental implants in a dog model. 

Teeth were extracted in dogs and replaced with screw-shaped titanium implants which 

were allowed to heal under flaps for 3-4 months prior to loading[22]. Prior to intra-oral 

human testing, similar titanium optical viewing chambers were implanted in the inside of 

the upper left arm of healthy volunteers. Long-term tissue reactions were studied in these 

chambers and no inflammatory response was noted. Thus, based on these successes, in 

1965 Brånemark treated his first edentulous patient with implants to support a fixed 

prosthesis[22].  

The field of implant dentistry has produced implants of various shapes, sizes and 

applications; however, root-form implants are the most commonly used today. Implants 
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can be categorized as endosteal (implants within bone), subperiosteal (framework placed 

on bone) or transmandibular/transosteal (implants placed through the bone from superior 

to inferior aspect)[23]. The endosteal implant is the most common implant used today 

and can have any of the following forms: root, screw or cylinder, blade and plate-form 

[23-27].  

Blade implants generally feature a transgingival design[24], created by the preparation of 

a trough in the alveolus using a bur in a hand piece; indications for use include distal 

abutment or intra-tooth support for fixed prosthetic appliances. The endosteal blade-vent 

implant consists of an abutment head, neck, a body with different designs of vents, and a 

small recessed area in the shoulder[28]. Although osseointegration of 46-82% bone-

implant contact was reported, many of these implants had connective tissue and fibrous 

encapsulation that rendered the prognosis unfavorable[24, 29]. Additionally, due to the 

shape and size of the blade implant, removal can be challenging should peri-implantitis or 

failure develop.  

Transmandibular implants are indicated in mandibles with insufficient height for 

traditional implants. Transmandibular implants feature a bar at the lower border of the 

mandible, a portion that spanned the height of the mandible which connected to a supra-

alveolar bar. The portion of the implant located at the inferior border of the mandible was 

inserted through an extra-oral incision through the skin[30, 31]. The reported implant 

survival was 90% after 15 years, but this implant system is rarely used today due to its 

invasiveness and need for general anesthesia[30].  

Implant Materials And Surface Characteristics 
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Materials that are used in dental implants can be classified by their chemical 

compositions as (1) metals, (2) ceramics and (3) polymers. They can also be classified 

based on the type of response elicited from the body as (1) biotolerant, (2) bioinert and 

(3) bioactive. Biotolerant implants are those that are not rejected by the body once 

implanted and are fibrous encapsulated. Bioinert materials lead to contact osteogenesis; 

while bioactive materials allow for growth of new bone on their surface and a chemical 

bond between the material and bone – a term known as bonding osteogenesis [32]. 

Metals 

It has been shown that several metals can show osseointegration; they are niobium, 

tantalum and titanium alloy[33]. Today, most implants used in dentistry are made of 

titanium (Ti) and titanium alloys. There are several metals and alloys used in the history 

and development of dental implants that are now obsolete, among them gold, cobalt-

chromium and stainless steel. These materials have been discontinued due to the 

tendency of fibrous tissue encapsulation when inserted into bone. Within immediate 

contact with air, titanium forms an oxide layer, which thickens to 2-10nm within 1 

second; it is this oxide layer that is the main active interface with the body and its 

fluids[32, 34]. Commercially pure titanium is classified according to its oxygen content 

from grade 1 having the least amount of oxygen (0.18%) through 4 containing the 

greatest amount (0.4%)[35]. These different grades have different mechanical properties 

due to the presence of trace elements. The trace elements present in Ti alloy are 

Vanadium (V), Aluminum (Al), Iron (Fe) and some carbon (C) and nitrogen (N) as well. 

It is the condition and purity of this oxide layer that affects the biologic outcome of 
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implant osseointegration[36]. The stability of this oxide layer protects titanium from 

corrosive breakdown and reaction in the body[37].  

Titanium alloys such as Ti-6Al-4V are used today in implant dentistry due to their 

superior mechanical properties and corrosion resistance over commercially pure 

titanium[32]. The addition of aluminum improves weight and mechanical properties and 

vanadium acts as an aluminum scavenger to decrease corrosion[37]. Recently a Titanium-

Zirconium (Ti-Zr) alloy has been introduced that shows improved mechanical properties 

compared to pure Ti, which makes the alloy favorable for narrower implants and those 

exposed to high stresses. In the reported study, similar osseointegration time and bone 

tissue responses were noted between the Ti-Zr and Ti implants[38, 39]. 

Implant surfaces and designs can have a profound effect on osteoconduction of 

differentiating osteogenic cells towards the implant surface. Roughened surfaces can be 

predicted to have favorable surface characteristics for osteoconduction through the 

increased surface area for fibrin attachment[40]. Titanium surfaces of dental implants 

differ in their roughness and surface quality; they can be broadly classified based on their 

average surface roughness (Sa) into smooth (Sa≤1µm) and rough (Sa≥1µm) surfaces[41]. 

Smooth surface implants are machine turned with Sa of about 0.5-0.9µm.  

Implant surfaces can be roughened through various methods that vary between 

manufacturing companies and based on their specific patents and research. Generally, 

rough surface implants demonstrate higher bone to implant contact (BIC), higher torque 

removal values and improved long-term survival with shorter implants [42-44]. Implants 

can have porous sintered surfaces, can be blasted with aluminum or titanium oxide, can 
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be plasma coated with titanium or ceramics, or acid-etched; alternatively, combinations 

of the above procedures can also be seen on the market[45]. 

The implant surface that will be evaluated in this paper is the TiUnite® surface of 

NobelBiocare
®
 implants. The surface of these implants is a moderately rough thickened 

titanium oxide layer characterized by high crystallinity and phosphorous content. The 

implants are anodized in a galvanic cell with a phosphoric acid electrolyte. Once the 

current is run through the galvanic cell, the surface oxide layer grows from about 5nm to 

about 10,000nm thickness. The average surface roughness (Sa) of TiUnite implants is 

1.1µm and its developed surface area ratio (Sdr) is 37%[41]. Ivanoff et al. found TiUnite
®

 

surfaces to be rougher than turned implant surfaces and under histomorphometric 

evaluation showed higher bone-to-implant contact with the roughened surface compared 

to turned surfaces[46]. Several investigators have argued that a rough-surfaced implant 

would provide advantages over turned or machined implants when it comes to 

osseointegration. This is partly due to rough-surface implants developing earlier bone 

contact than smooth ones[36], roughened implants having higher torque removal values 

at six weeks than smooth surfaces[47], and smooth surface implants exhibiting various 

degrees of fibrous encasement as opposed to direct bone contact which was seen in 

roughened implants[48].  

Polymers 

Polymeric dental implants had a short use in implant dentistry; they were thought to be 

advantageous due to their flexibility mimicking the periodontal ligament; however, it was 

found that they had inferior mechanical properties, a lack of adhesion to biologic tissues 

and adverse biologic responses. These polymeric materials included polyurethane, 
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polyamide fibers, polymethylmethacrylate (PMMA) resin, and polytetrafluoroethylene 

(PTFE)[32]. Finite element analysis of titanium implants coated with flexible resin 

polymers showed reduced stress in bone and reduced compressive radial stress at the 

bone-implant contact in transverse loading, as well as reduced stresses in vertical 

loading[49]. Moreover, these surfaces demonstrated compatibility with biologic tissues 

and a slow replacement of fibrous encapsulating tissue with progressive osseointegration 

over time in the rat model [50]. This, in addition to polymeric implants’ inferior 

mechanical properties and immunological reactions [51] have limited their general use in 

clinical practice. 

Ceramics 

Ceramic materials used in implant dentistry are either bioinert or bioactive. The most 

popular materials for ceramic dental implants are hydroxyapatite, tricalcium phosphate 

and bioglasses; other materials less commonly used include aluminum or zirconium 

oxide, fluorapatite and carbon-silicon among others[32]. Early materials and designs had 

mechanical failures and fractures of the ceramic coatings and their use has been largely 

discontinued[41]. More recently, zirconium implants have been evaluated. The lack of 

grey color and ease of manufacture makes this implant material desirable[32].  

Hydroxyapatite (HA) coated dental implants were introduced in the 1980s and their use 

in dental implantology has been studied extensively in the literature[52]. In a comparison 

of 13 different implant systems, it was determined that HA-coated implants had the 

roughest surface when comparing roughness parameters such as Sa and Sdr[45]. One of 

the advantages of HA implants over Ti was the rapid osseointegration time where faster 

osseous healing and maturation was noted on HA coated implants compared to their Ti 
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counterparts[53]; other studies showed higher bone to implant contact in dogs and rabbits 

at three months for HA coated cylinders versus titanium screws and cylinders [54].  

There are concerns with the use of HA coated dental implant surfaces, namely increased 

susceptibility to microbial colonization on exposure of the implant surface to the oral 

environment due to their roughness and hydrophilicity. There is also evidence that 

putative periodontal pathogens preferentially colonize HA coated surfaces over Ti 

surfaces and cementum, placing these implants at greater risk for peri-implant 

infection[55].  

 

History And Definition Of Osseointegration 

Osseointegration is defined as a direct contact between bone and a dental implant. It is a 

functional ankylosis of the implant in its surrounding bone[56]. One of the first to 

describe it was Brånemark, who stated that “the osseointegrated implant is directly 

connected to living remodeling bone without any intermediate soft tissue 

component”[57]. An implant is considered osseointegrated when there is no movement 

between the implant and the bone in which it is imbedded.  

Implant Surface 

Albrektsson et al. described the surface of titanium implants as being instantaneously 

oxidized when in touch with air. This oxide layer on the Ti surface consists of TiO3, 

TiO2, Ti2O3, Ti3O4 and is of 100 angstrom thickness thus preventing a direct contact 

between the metal and bone[36]. Scanning electron microscopic studies by Albrektsson et 

al. showed a close topographical relation between bone and implant where collagen fibers 

from the bone were seen to be touching the implant surface. No connective tissue or 
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encapsulating soft tissues were found between the bone and implants in this study. 

Albrektsson et al. listed the following parameters for successful implant osseointegration: 

implant material, implant design, implant finish, status of the bone, surgical technique 

and implant loading conditions. Recommendations to guarantee osseointegration 

included the use threaded, unalloyed Ti implants with defined finish and geometry[36].  

Implant To Bone Contact: Microscopic Evaluations 

In a study by Linder et al., Ti implants were placed in rabbit tibia and microscopic 

evaluation was done after 3 weeks of osseointegration. With the light microscope they 

found throughout the circumference of the implants an “absolute approximation” of bone 

to the Ti. This newly formed bone around the implants was lamellar in nature. Under 

transmission electron microscopy (TEM), it was noted that the Ti was separated from the 

bone by at least 20-50nm. Thus the nearest collagen filaments were at least 20nm away 

and the zone between the two substances consisted of proteoglycans that were stained to 

reveal hyaluronic acid and chondroitin sulfate. There was a layer of collagen 100-500nm 

thick surrounding this zone of ground substance. Calcified deposits were noted in each of 

these three zones. Linder concluded that there is no antagonism between Ti implants and 

biologic tissues[58].  

Schupbach et al. examined implants with TiUnite® surfaces, an Ti-oxide surface added 

through spark anodization, under light, SEM, and back-scatter SEM and analyzed bone to 

implant interfaces. Under light microscopy, intimate contact between the oxidized 

implant surface and the newly formed bone was seen. This newly formed bone migrated 

from adjacent bone surfaces toward the implant, known as distance osteogenesis, and also 

by bone growth directly onto the implant surface, known as contact osteogenesis. SEM 
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analysis of an unused TiUnite® implant showed a porous surface with micropores of 1-

7µm and nanopores of less than 1µm in diameter. SEM study of these implants shows 

bone tissues in these micro- and nanopores. The authors concluded that osteoblasts stay at 

the pore orifices and deposit bone matrix into these implant surface pores leading to a 

strong interlock between the bone and the Ti implant[59].  

Biology of Integration  

Placement of a dental implant consists of injury to the receiving bone. The initial injury 

and preparation of the bone to receive the dental implant serves to allow for implant 

stability, but also causes the bleeding that allows for delivery of the cells necessary for 

osseointegration to occur[60]. The first biological components that come into contact 

with the implant are blood cells that influence clot formation. Platelets undergo changes 

in response to the foreign implant surface and lead to a fibrin matrix over the implant 

surface. This matrix acts as an osteoconductive scaffold and leads to the eventual 

differentiation and osteoinduction in the immediate area around the implant[61]. 

Berglundh et al. found that 2 hours after surgical implantation, the chamber units directly 

between the pitches of the implant were occupied by coagulum when observed under 

light microscopy. They found erythrocytes, neutrophils and macrophages present within a 

fibrin network[62].  

Davies [40] discussed distance and contact osteogenesis as they related to implant 

osseointegration.   In distance osteogenesis, new bone is formed from osteogenic cells 

from the perimeters of the osteotomy surrounding the implant. However, in contact 

osteogenesis, osteogenic cells populate the implant surface before bone matrix formation. 

These osteogenic cells are derived from undifferentiated peri-vascular connective tissue 
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cells[40]. In contact osteogenesis newly formed peri-implant bone develops from the 

implant surface out toward the healing native bone[61]. It has been noted that around 

smooth surface Ti implants distance osteogenesis predominated, but around rough 

surface implants (Ti plasma sprayed and sand-blasted zirconium oxide) both distance and 

contact osteogenesis were observed. The newly formed matrix of bone assures the 

fixation of the implant in the surrounding bone and the surrounding marrow spaces 

contain mesenchymal cells and blood vessels. These marrow spaces and are thought to 

favor the biologic turnover of the peri-implant bone[56].  

Berglundh et al. studied peri-implant bone formation in a dog model around SLA 

implants and noted that the initially empty bone “chamber” located between implant 

threads was filled with coagulum and granulation tissue that was replaced by a 

provisional matrix. At the 1 week biopsies, the provisional matrix was seen and was rich 

in collagen fibrils and sprouting vascular structures. There was newly formed bone in 

direct contact with the SLA surface (contact osteogenesis). At 2 weeks, new bone 

formation was intense in all compartments surrounding the device and also included bone 

extending from the parent bone into the space between the threads. At 4 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 parallel-fibered and lamellar bone. By 6 weeks, most of the experimental 

chambers were filled with bone. And by 8 and 12 weeks, marked signs of bone 

remodeling was seen in the bone chambers[62].  

Once the implant is integrated and exposed to the oral environment a periodontitis-like 

process called peri-implantitis can affect them. According to Meffert, if left untreated it 



 

15 

 

can lead to the loss of implants just as untreated periodontitis can lead to loss of 

teeth[23]. 

 

Peri-Implantitis 

Classification 

According to the First European Workshop on Periodontology, peri-implantitis is defined 

as an inflammatory process affecting tissues around an osseointegrated implant in 

function, thereby resulting in pocket formation and the loss of supporting bone. Peri-

implant mucositis was defined as the reversible inflammatory changes in the soft tissues 

surrounding a functional implant without any bone loss[63]. Froum et al. proposed a 

classification for peri-implantitis. Early peri-implantitis is described as probing depths 

≥4mm, bone loss <25%, moderate peri-implantitis described an implant with probing 

depths ≥6mm and bone loss of 25-50%, advanced peri-implantitis is described as probing 

depths ≥8mm and bone loss >50%; all of which are characterized by bleeding and/or 

suppuration on probing[64].  

Diagnosis 

Signs and symptoms of peri-implant diseases were agreed upon at the sixth European 

Workshop of Periodontology. Inflammation around implants causes bleeding and/or 

suppuration with gentle, light force probing (0.25N) and radiographic evidence of bone 

loss. Pain is not present, and because the apical bone is still osseointegrated, mobility of 

the implant should not be noted[65]. Additionally, the bone loss tends to be crater-like, 

runs around the implant and is sharply demarcated.  



 

16 

 

It is also important to note clinical signs of inflammation alone do not define peri-

implantitis. Peri-implantitis is characterized by bone loss, increased probing depths, 

bleeding on probing and suppuration on probing. Resorption of bone due to deep implant 

placement, proximity of adjacent implants and abutment placement have all been 

associated with subsequent bone remodeling that is unrelated to the pathologic disease 

process of peri-implantitis. Thus, long-term monitoring of peri-implant hard and soft 

tissues should be done once the peri-implant tissues have established homeostasis, i.e. 

after completion of the prosthodontic work. Additionally, not all probing depths greater 

than 3mm are indicative of peri-implantitis. Implant type, abutment type, connection 

parts and prosthetic components can affect the dimensions of the peri-implant tissues[66].  

In a long-term follow-up study of 1,057 Brånemark implants in 218 subjects, 22 patients 

lost 46 implants and 12 implants were considered “sleeping”. The survival rate, using 

implant loss as an outcome variable, was 95.7% with most of the implant loss occurring 

in a minority of patients. There was a significant relationship between implant loss and 

periodontal bone loss of remaining teeth at implant placement, thus indicating that a 

history of periodontitis influenced development of peri-implantitis and possible implant 

loss[67]. The findings of this study reinforce those found in a study by Listgarten.  

Microbiology 

In a 1998 review by Mombelli et al. [68], microorganisms were deemed to play a major 

role in peri-implantitis. They cited experiments in humans showing plaque deposition on 

implants inducing peri-implant mucositis; a distinct difference in the quality and quantity 

between the microflora of successful and failing implants was described. Plaque-retentive 

ligatures in animal studies lead to shifts in the microflora and eventual peri-implantitis. 
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There is evidence linking oral hygiene levels to long-term implant success anti-microbial 

therapy improved clinical status of peri-implantitis patients [68].  

Increase in roughness of implants and thus the surface area facilitates the formation of 

biofilms on fixtures. Bacterial colonization sequence of peri-implant tissues after implant 

placement have been reviewed and found to be similar to that of teeth. Species found 

around implants in health are similar to those found in healthy sulci[69]. Microbiological 

studies of clinically healthy implant sulci have revealed a predominance of facultative, 

Gram-positive rods and cocci. However, peri-implant pockets seems to harbor bacteria 

similar to those seen in periodontitis such as P. gingivalis, P. intermedia, P. nigrescens, 

T. forsythia, C. rectus and Aa (especially serotype b)[27]. A DNA checkerboard analysis 

of supra- and subgingival samples in human subjects with and without peri-implantitis 

revealed P. gingivalis, T. forsythia, T. denticola and P. nigrescens present at significantly 

higher levels in peri-implantitis sites. It was noted that beneficial species and bacterial 

complexes were reduced in diseased versus healthy implants, and pathogens from more 

pathogenic complexes were found at higher levels in diseased implant sites[70].  

Management 

Treatment of peri-implantitis has been studied by many authors and can be summarized 

as follows: disturbance and removal of the peri-implant biofilm, decontamination of the 

implant surface, corrections of defects that are not maintainable by home care and oral 

hygiene measures, establishment of adequate homecare by the patient, regeneration and 

re-osseointegration of the lost peri-implant bone[27]. Re-osseointegration was found to 

be more robust on rough surface implants than on smooth surface implants[65]. In a 

systematic review by Claffey et al., surgical and non-surgical treatment of peri-
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implantitis was found to produce similar results; however, radiographic and histologic 

improvements were superior in the surgical group and they were non-significant in the 

non-surgical group[71].  

Surgical treatment of peri-implantitis involves either a resective or regenerative approach. 

Resective flap procedures involve reshaping of bone and apical positioning of tissues and 

are preferred when there is minimal bone loss. Regenerative approaches are suggested 

with moderate bone loss; this approach involves the use of bone grafts and membranes. 

When advanced bone loss is present, removal of the implant and subsequent regeneration 

of the deficient ridge may be indicated[63]. Surgical treatment of ligature-induced peri-

implantitis of implants of different surface types, TiOblast™, Turned and SLA®, via 

open flap debridement showed surgical treatment improved the surfaces but continued 

erythema and edema persisted around the TiUnite® surface. The authors concluded the 

resolution of peri-implantitis is possible and that resolution depends on the implant 

surface characteristics[72]. However, it is important to note, that once these ligatures 

were removed, the lesions would not progress further, even without any further 

intervention in the study model[27].  

Whether surgical or non-surgical treatment of an ailing implant is employed, surface 

decontamination must be considered. Mechanical decontamination using different 

methods has been studied to evaluate their effects on implant surfaces in vitro; they 

include the use of ultrasonic scalers with plastic or carbon fiber tips, stainless steel, 

titanium or expanded polytetrafluoroethylene (ePTFE) curettes and scalers, air abrasive 

powders and pumice polishing cups[63]. Chemical decontamination using local 

antimicrobials such as chlorhexidine, tetracycline, citric acid, hydrogen peroxide and 
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phosphoric acid have been evaluated and compared[63, 73-75]. A study comparing 

decontamination of machined, plasma-sprayed (TPS) and hydroxyapatite (HA) implants 

assessed removal of  radioactive endotoxin from P. gingivalis by burnishing implant 

surfaces with cotton pellets soaked in water, citric acid (CA) or Chlorhexidine 0.12%, or 

treatment with air abrasion. It was found that CA was equally effective in 

decontaminating all the implant surfaces studied, and machined implants were more 

effectively decontaminated than the other systems with the materials studied. Also, it was 

noted that air abrasions were consistently the most effective method for removal of 

endotoxin[73]. The results of numerous studies point to the fact that non-surgical therapy 

has its limitations, despite the fact that local and/or systemic interventions have had some 

improvement in clinical parameters[27]. Newer treatment modalities have also been 

studied including photodynamic therapy (PDT) and laser applications.  

PDT is a technique employing photosensitizing dye such as toludine blue that binds 

microorganisms in a biofilm and when activated with a light or laser wavelength, forms 

cytotoxic molecules which are lethal to bacterial cells. One such study evaluated toludine 

blue on machined surface, TPS (Ti plasma sprayed), SAE (acid-etched) and HA 

(hydroxyapatite) coated implants. It was found that the dye and laser treatment lead to 

destruction of Aa, P. ginginvalis and P intermedia on all implant surfaces studied[76]. 

PDT has also been used as an adjunct to conventional surgical treatment of squamous cell 

carcinoma to reduce the extent of tumor resection[77].  

 

Lasers for Implant Surface Decontamination 

History of Lasers in Dentistry 
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LASER is the acronym for “Light Amplification through Stimulated Emission of 

Radiation” and was first developed from Einstein’s theories. The first laser was 

introduced in the 1960s and since then has evolved through much development and 

research[78]. Laser light is monochromatic, directional, and coherent meaning that it uses 

one specific wavelength, has low divergence and all its waves are in a certain phase 

relationship to each other.  

Lasers commonly used in dentistry can deliver energy in three different modes: 

continuous, gated-pulse, and free running pulse mode. Continuous is the emission at a 

constant and stable energy level as long as the switch is activated; gated-pulse functions 

in bursts of “on” and “off” periods; free running pulse mode is when a large amount of 

energy is emitted within microseconds, followed by a relatively long “off” period[79]. 

The difference between free running and gated-pulse is that in the free running mode 

stored energy is released in bursts so that the maximum energy delivered can be greater 

than that shown on the control panel, whereas in gated-pulse there is a “shutter” that 

interrupts the laser beam. Lasers concentrate light energy to strongly influence the tissue 

they irradiate; this effect is influenced by the laser’s wavelength[78]. When laser light 

interacts with biologic tissues, it can be reflected, absorbed, scattered or transmitted[78]. 

Once absorbed, the laser exerts its effect through 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)[79].  

Most lasers used in surgical applications emit wavelengths in the infrared part of the 

spectrum. They are the neodymium:yttrium–aluminum–garnet laser (Nd:YAG) which has 
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a wavelength (λ) of 1,064 nm; the erbium–yttrium–aluminum–garnet laser (Er:YAG) 

with λ of 2,940nm; and the CO2 laser with λ of 10,600nm and 9,600nm. Within the 

visible portion of the electromagnetic spectrum are argon lasers emitting a λ between 

458-515nm, and within the ultraviolet part are excimer lasers emitting a λ of 100-400nm.  

Diode lasers emit wavelengths of 810 and 906 nm. Lasers of longer wavelengths, 

especially in the infrared part of the spectrum, are used in tissue ablation and have 

hemostatic effects[78] yet tend to cause tissue heating leading to protein denaturation, 

decomposition of tissues, microexplosion of cell water and charring[77].  

Laser Applications In Periodontal And Peri-Implant Disease Management 

Lasers were first used in dentistry in hard tissue treatments of caries and for preparation 

of tooth structure[78]. Diode lasers can be used for rapid cutting, vaporizing, and 

bacterial reduction when used in contact mode and for coagulation when used in non-

contact mode. There are studies that demonstrate and evaluate the use of diodes in 

esthetic gingivectomy procedures[80], in conjunction with SRP to reduce and eliminate 

bacteria (Aggregatibacter actinomycetemcomitans, Poryphormonas gingivalis, Prevotella 

intermedia) in pockets[81], soft tissue tumor resection, frenectomies, vestibuloplasties 

and peri-implant soft tissue surgeries[82]. Diode use has also been studied on titanium 

implant surfaces. In an in vitro study evaluating the effect of diode lasers on titanium 

dioxide-blasted implants (TiOblast™ surfaces) found that diode-treated surfaces looked 

similar to untreated surfaces under scanning electron microscope (SEM) when used at the 

decontamination settings (1W) and even on the highest diode setting (15W)[83]. Argon 

lasers (excimers) used in hard tissue ablation and calculus removal have been shown to 

increase tooth temperature. In an in vivo canine model, histological pulpal damage was 
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found when energy levels greater than 600J/cm
2
 were used. However, in human teeth, 

temperature changes were up to 6°F with approximately 900 J/cm
2
[84].  

When treating periodontal lesions, both hard and soft tissues are targeted due to the 

proximity of the gingiva, periodontal ligament, alveolar bone and cementum. Some of the 

effects of laser use in periodontal therapy are pain relief due to decrease in nerve 

sensitivity, reduction in inflammation due to vasodilation and increased drainage, 

accelerated tissue repair due to cell stimulation, wound healing due to improved blood 

flow and removal of scar tissues[79]. The commonly used high powered CO2 and 

Nd:YAG lasers are advantageous in soft tissue management in periodontics as well as in 

oral surgery.  

When used in conjunction with scaling and root planing (SRP), Nd:YAG lasers were 

found to decrease IL-1β in GCF 4 weeks after use compared to SRP alone[85] in one 

study; another found statistically insignificant changes in IL-1β and MMP-8 but 

improvement in clinical parameters of pocket depth, attachment levels and gingival 

index[86]. Nd:YAG has  been reported to remove the smear layer from teeth however the 

settings used were determined to create a temperature rise that could potentially lead to 

pulpal damage[78]. In a laser assisted new-attachment procedure case series where 

Nd:YAG was used in conjunction to SRP in non-surgical therapy, it was found that in all 

cases new cementum was formed and in most cases periodontal regeneration was 

noted[87]. Periodontal regeneration was seen in another case series of eight individuals; 

50% of teeth evaluated exhibited signs of regeneration (new PDL, cementum and bone), 

whereas 40% showed long junctional epithelium and 10% evidenced new cementum and 

connective tissue fibers without new bone[88].  



 

23 

 

Nd:YAG lasers have been found useful in inactivation of bacteria LPS in endodontic as 

well as in periodontal applications surgically as well as non-surgically.  In endodontic 

applications, Nd:YAG has been used in the inactivation of E. coli endotoxin in root canal 

systems and as a bactericidal agent in the decontamination of root canal systems[89-94]. 

In the treatment of periodontitis, Nd:YAG lasers have been used in the periodontal pocket 

to decrease inflammation and bacterial counts[85, 95]. However, some authors have 

found little additional benefit to lasers when compared to conventional therapy of 

ultrasonic or hand instrumentation[96]. Fukuda et al. evaluated the influence of Nd:YAG 

on E.coli-derived LPS on cementum. Specimens were treated with energy levels of 

30mJ/10Hz (0.3W) for 2 seconds and 4 seconds, and 50mJ/10Hz (0.5W) for 2 seconds 

and 4 seconds. Their results showed no changes in LPS levels at 0.3W at 2 seconds; 

however, when exposure time increased to 4 seconds at 0.3W or when the energy level 

was increased to 0.5W there was inactivation of LPS in the outer layers of cementum as 

observed by Endospecy, an endotoxin detecting agent[97]. 

Nd:YAG lasers have also been shown to have a biostimulatory effect on different 

representative cells of the oral environment. In an in vitro study, Chellini et al. 

demonstrated cell growth stimulation when osteoblasts were irradiated with Nd:YAG at 

low pulse energy and high repetition rate[98]. Gutknecht applied Nd:YAG to fibroblast 

cultures and demonstrated the exact and focused nature of the laser beam. A sharp 

delineation between damaged and undamaged cells was demonstrated; the laser was also 

able to eliminate a monolayer of cells proving that the laser can be applied to exact 

areas[99].  
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Recently, the use of Nd:YAG lasers have been evaluated around titanium dental implants 

especially because of the challenge posed by decontamination of these surfaces. Several 

authors have noted surface alterations, namely partial melting, cracking and crater 

formation in titanium implants with the Nd:YAG laser[100, 101] while some noted no 

surface alterations[102]. Hydrophilicity of Ti surfaces was changed with a 1 minute 

application of Nd:YAG lasers from Ti
4+

 to Ti
3+

, this converted the titanium surface to a 

more hydrophilic nature which promotes cell adhesion[103]. Surface changes were noted 

on commercially pure and anodized Ti disks when irradiated with 3W or greater with an 

Er:YAG laser and no changes were noted with the use of  CO2 laser. Surface roughness 

increased after laser irradiation[104]. Giannelli et al. evaluated LPS adherent to Ti 

implant surfaces after treatment with Nd:YAG laser. It was found that the LPS-induced 

inflammatory response was blunted as evidenced by decreased nitric oxide (NO) 

production by macrophages[105].  
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Purpose 

The aim of this study was to evaluate the effect of a single pass Nd:YAG laser on 

TiUnite® surfaces of NobelBiocare® implants and to examine quantitatively and 

qualitatively under scanning electron microscopy the surface quality and changes after 

treatment with lasers at different energy levels (0.8W, 2.0W and 3.0W)  at set distances 

from the laser fiber (3mm and 10mm).  
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Materials and Methods 

Laser Systems 

For these experiments, a Nd:YAG  laser was used. Implants were irradiated with 

Nd:YAG laser (PerioLase® MVP-7™, Millennium Dental Technologies, Inc.) at power 

settings of 0.8W, 2.0W, 3.0W, 4.0W and 6.0W corresponding to energy frequencies of 

40mJ, 100mJ, 150mJ, 200mJ and 300mJ respectively at 20KHz  frequency. The laser 

fiber was set to 3 different distances: in contact with the implants, 3mm away or at 10mm 

away. The laser parameters used in this study are summarized in Table 1. These settings 

were chosen based on reported laser parameters cited in previous articles and also from 

the author’s pilot experiments. The pilot experiments 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. There was extensive damage seen with 

the 4.0W and 6.0W settings as well as when the laser fiber was contacting the implants. 

Thus, for the experimental groups, only 0.8W, 2.0W and 3.0W were used at a distance of 

3mm and 10mm.  

Titanium Implants and Procedure 

An implant jig was constructed using a rail mounted to a leveled wooden block and 

pulled by an implant motor (see Figure 1). The implant motor was set to 15rpm pulling 

the implants on the jig at a constant speed of 1.4mm/s. The implants were simultaneously 

irradiated with an Nd:YAG laser, the tip of which was set at a 90° angle to the implant 

when the distance was 3mm or 10mm (experimental design) and as close to parallel when 

in contact with the implant (pilot only). This was done to simulate the near parallel angle 
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that would be used in a peri-implant pocket during non-surgical therapy or right angle 

access during surgical access.  

 

Figure 1A. Diagram of implant with laser fiber optic oriented perpendicularly.  
Figure 1B. Diagram of mount and pulley for laser application.  

Eight NobelReplace® Tapered implants (NobelBiocare®) with a TiUnite® surface (a 

moderately rough titanium oxide surface) were mounted onto the jig and pulled with the 

motor for each laser setting while being simultaneously irradiated with the laser. Two 

non-irradiated implants were used as the control. The implants had a 5mm diameter and a 

10mm length. According to the manufacturer’s website, TiUnite® is a titanium oxide 

rendered into an osseoconductive biomaterial though spark anodization.  

The pilot study involved 4 implants at several distances and energy levels. The 

experimental group consisted of 4 implants, 2 implants in each distance group, with each 

implant contributing 3 threads to the analysis. This produced a total of 6 threads (n=6) per 

treatment group that was used in the statistical analysis. Three surfaces of the implants 

were used in the treatments by turning the implants 120° and marking the polished collar 

with an indelible marker to correspond to the path of the laser fiber along the implant. All 
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implants were handled under sterile conditions during laser therapy. See Tables 1 and 2 

for the distribution of the pilot and experimental groups.  

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, 100x, 350x and 600x. Implant surface characteristics were 

compared for qualitative differences in surface topography caused by the laser treatments. 

A non-irradiated control implant was also scanned under SEM as a reference and 

comparison. The approximate area of surface change was measured through ImageJ 

software (V1.46, National Institute of Health. Bethesda, Maryland, USA). The 

parameters measured were area of surface alteration including any flattening of surface, 

melting, cracking, bubbling and loss of TiUnite® surface. Tables 1 and 2 show the 

summary of the pilot and experimental groups.  

Statistical Analysis 

The affected surface area (µm2) of 3 representative implant threads was measured using 

SEM images. All images were magnified at 350x when measuring for surface area of 

alteration. Data from 2 implants and 3 threads were submitted to a repeated measures 

analysis of variance (ANOVA) [3(energy) x 2(distance) x 3(threads)].  The ANOVA and 

post-hoc comparisons were performed using JMP (JMP Software, Statistical 

Discovery™, Cary, NC, USA).   Significance was set at p ≤ 0.05. 
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Table 1. Summary of implant treatments for pilot groups. 

 Implant Distance Energy level Threads (n) 

Pilot 1 Contacting  0.8W, 2.0W, 3.0W 1 

 2 3mm 0.8W, 2.0W, 3.0W 1 

 3 10mm 0.8W, 2.0W, 3.0W 1 

 4 3mm 4.0W 1 

  10mm 4.0W, 6.0W 1 
 

 

Table 2. Summary of implant treatments for experimental groups. 

 Implant Distance Energy level Threads 

Experiment 5 3mm 0.8W, 2.0W, 3.0W 3 

 6 3mm 0.8W, 2.0W, 3.0W 3 

 7 10mm 0.8W, 2.0W, 3.0W 3 

 8 10mm 0.8W, 2.0W, 3.0W 3 

Control  9 n/a none 3 

 10 n/a none 3 
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Results 

Calculation of Energy Density 

The energy density delivered to the implants was calculated by dividing the laser power 

(in watts) by the speed of the moving platform jig, which was standardized at 

1.42mm/sec.  

Control Implants 

Under SEM, the untreated control implant had a highly porous surface with pore 

openings ranging from 2-5µm. At higher magnifications (350x, 600x and 1000x) the 

implant surface was highly rough and porous with porosities uniformly distributed along 

the entire implant surface including the threads and the troughs (Figs. 2 and 3). There was 

no evidence of charring, burning or any melting on these implants. Figure 4 shows a 

photograph of the control implant.  
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Figure 2. Control implant at 1000x. Note the absence of charring, 

melting and cracking. 
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Figure 3. Control implant at 350x. Roughness of the implant thread 

and trough can be noted as well as lack of any charring, melting or 

cracking. Note some surface irregularities. 

 

 

Figure 4. Photograph of control implant. The NobelReplace® 

Tapered Select implant has a machined collar with TiUnite® body 
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Experimental Groups 

The results of the pilot study (results not shown) revealed extensive melting, cracking, 

and other surface alterations on implants during contact with the laser and exposure to 

higher energy levels (4.0W and 6.0W). Therefore, the experimental group only included 

implants at the 0.8W, 2.0W and 3.0W levels at 3mm and 10mm distance. The 

experimental group results are summarized in Tables 3, 4, and 5. When not contacting the 

implants, it was noted that the greater the distance of the laser fiber was from the 

implants, the more diffuse and spread out were the surface alterations.  

During irradiation with the laser, there was visible sparking, expression of smoke and 

audible sizzling when the laser fiber optic was contacting the implants and also at the 

higher energy levels.  

 

0.8W Energy Level 

Table 3. Summary of affected area/thread (µm
2
) at 0.8W energy level. 

Distance Thread 1 Thread 2 Thread 3 Average St Dev 

3mm 23,656 30,782 21,847  

21,490 

 

7,975 3mm 28,504 11,646 12,503 

10mm 14,705 16,503 10,434  

11,548 

 

3,287 10mm 9,608 8,097 9,939 

 

3mm Distance 

The energy density delivered to the implant was 560mJ/mm. At this distance and energy 

level, there was extensive damage on the implants both with the naked eye and also at 

SEM and light microscope levels. At this distance and energy there was extensive 

cracking and melting of the surface layer. On 2 threads, there was loss of the anodized 

surface of the implant; in the others, melting and cracking as well as charring was noted 
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(Figs. 5 and 6). The average surface area of alteration in this group was 21,490µm
2
 ± 

7,975 (Table 3). A photograph of a representative implant of this group is shown in 

Figure 7, where there is very minor alteration of the implant surface seen. The arrow 

indicates the path of travel of the laser fiber optic. The first 5 threads of the implant 

below the polished collar show minor changes in the surface characteristics.  

 

 

Figure 5. Implant treated with 0.8W at 3mm distance (350x). Note the 

loss of surface anodized layer with some minor charring at the edges 

of the lost surface. 
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Figure 6. Implant treated with 0.8W at 3mm distance (350x). Note the 

small islands of melting and general charring and darkening around 

the implant porosities. 

 

Figure 7. Photograph of implant treated at 0.8W at 3mm distance. The 

arrow shows the path of travel of the laser fiber optic. 

10mm Distance 

The energy density delivered to the implant was 560mJ/mm. The damage on these 

threads was more diffuse than in the previous group. There was a wider area of charring 
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and darkening of the implant threads compared to the previous (3mm) group. On average, 

the surface area of alteration in this group was 11,548µm
2
 ± 3,287, nearly half that of the 

0.8W at 3mm group. There was some loss of anodized surface noted in this group, but 

mostly melting and charring were noted under SEM (Figures 8 and 9). Visible inspection 

of this implant reveals no changes that can be seen with the naked eye.  

 

 

Figure 8. Implant treated with 0.8W at 10mm distance (350x). Note 

the loss of anodized surface and some melting of the surface layer of 

Ti. 
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Figure 9. Implant treated with 0.8W at 10mm distance (600x). Note 

small areas of melting and diffuse areas of charring and darkening 

around the implant porosities. 

 

2.0W Energy Level 

Table 4. Summary of affected area/thread (µm
2
) at 2.0W energy level. 

Distance Thread 1 Thread 2 Thread 3 Average St Dev 

3mm 56,212 44,582 51,094 48,986 6,195 

3mm 55,759 44,006 42,264 

10mm 16,172 18,472 11,789 10,723 5,651 

10mm 6,253 6,468 5,184 

 

3mm Distance  

The energy density delivered to the implant was 1,408mJ/mm. At this energy level and 

distance there was visible alteration of the implant surface visible with the naked eye as 

well as significant melting, blistering, cracking and bubbling of the surface Ti layer. The 

damage was limited to a defined area that corresponded to the path of the laser fiber 
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optic. There was a central area of melting with a surrounding halo of charring and 

darkening/graying of the implant surface. These gross changes are clearly visible in 

images of the implants at 50x and 100x as depicted in figures 10 and 11. The average 

area of surface alteration per implant thread in this group was 48,986 µm
2
 ± 6,195 (Table 

4). Figure 12 demonstrates extensive charring, burning and surface alterations following 

the path of the laser fiber optic in this group. Damage and changes to the anatomy of the 

implant threads can be seen.  

 

 

Figure 10. Implant treated with 2.0W at 3mm distance (50x). Note the 

path of the laser fiber optic and the path of melting along the direction 

of travel of the laser. There is also charring on either side of this 

melted zone. 
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Figure 11. Implant treated with 0.8W at 10mm distance (350x). 

Significant implant surface blistering, melting, loss of porosity and 

some cracking can be seen. There is also loss of surface layer visible in 

the top left of the image. 

 

 

Figure 12. Photograph of implant treated at 2.0W at 3mm distance. 

There is visible damage to implant surface with charring and visible 

changes to the  thread anatomy. 
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10mm Distance 

The energy density delivered to the implant was 1,408mJ/mm. At this distance and 

energy level there is diffuse charring visible under SEM. Evidence of melting is sparser 

compared to the 3mm distance group. Small areas of melted Ti can be noted, but these 

are lightly distributed and are less dramatic than those seen at the closer distance. There is 

again evidence of charring and blackening or darkening of the implant surface. The 

average area of alteration per implant thread was 10,723µm
2
 ± 5,651 in this group. See 

Figures 13 and 14 for sample images from this group. No visible damage was noted on 

the implants with the naked eye (image not shown).  
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Figure 13. Implant treated with 2.0W at 10mm distance (50x). Note 

the diffuse areas of burning and charring. The affected area is spread 

out over a large area on the implant. 
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Figure 14. Implant treated with 2.0W at 10mm distance (350x). Note 

areas of melting and loss of porosity. There is also some charring 

noted in this image around the porosities. 

 

3.0W Energy Level  

Table 5. Summary of affected area/thread (µm
2
) at 3.0W energy level. 

Distance Thread 1 Thread 2 Thread 3 Average St Dev 

3mm 55,426 42,196 45,285 47,362 5,810 

3mm 53,902 44,883 42,478   

10mm 11,735 20,112 22,530 14,403 5,435 

10mm 11,142 10,274 10,626   

 

3mm Distance  

The energy density delivered to the implant was 2,110mJ/mm. At this higher energy level 

there was even more melting and blistering of the Ti surface noted when compared to the 

treatment at 2.0W. The areas of melting and blistering are greater with increased cracking 
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noted within and around the melted areas. The areas of melting and blistering are also 

noted in the troughs (though these areas were not used in the calculations). The average 

area of alteration in this group was 47,362µm
2
 ± 5,810 (Table 5). This is similar to the 

area noted in the 2.0W group. Figure 15 shows a representative SEM image for this 

group. A photograph of an implant in this group is shown in Figure 16. There is visible 

extensive charring, burning and surface alterations that follow the path of the laser fiber 

optic. Damage and flattening of the anatomy of the implant threads can be seen. 

Additionally, the visible area of charring is wider in this group than in the 2.0W sample.  

 

 

Figure 15. Implant treated with 3.0W at 3mm distance (350x). There is 

coalescence of melted and blistered areas as well as cracking in the 

melted areas. Note loss of surface porosities in affected areas. 
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Figure 16. Photograph of implant treated at 3.0W at 3mm distance. 

There is visible charring and blackening of the implant surface with 

an area of graying flanking the charred area. 

10mm Distance 

The energy density delivered to the implant was 2,110mJ/mm. In this group the area of 

effect is again diffuse with some minor melting noted, but no major blistering as noted in 

the 3mm group. There is evidence of charring and blackening of the implant threads with 

little evidence of effect in the troughs. There is some loss of porosity and smoothening of 

the surface roughness noted on the effected threads. The average area of altered surface 

in this group was 14,403µm
2
 ± 5,435 per implant thread (Table 5). Figure 17 shows 

evidence of smoothening and loss of porosity at thread peaks. There is no visible 

evidence of any changes on the implant surface at this energy level and distance.  
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Figure 17. Implant treated with 3.0W at 3mm distance (350x). There is 

diffuse surface charring and flattening of porosities. 

 

Statistical Analysis 

The ANOVA revealed significant main effects for Watt, Distance as well as significant 

interaction of Watt X Distance (see Table 6).  

Table 6. Summary of P values from statistical analysis.  

 P value 

Watt 0.0152 

Distance 0.0001 

Watt X Distance 0.0364 
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Figure 18 shows the differential effect of energy on surface alteration in relation to 

distance. At 10mm, there was no difference in the effect of energy on the implant surface. 

At 3mm, the 2.0W and 3.0W groups exhibited similar surface area alterations, each of 

which were significantly greater than the 0.8W group.  Although there was no significant 

difference between the 3mm and 10mm groups at 0.8W, surface alterations were 

significantly greater between the 3mm and 10mm groups at 2.0W and 3.0W. 

 

 

Figure 18. Mean surface area (µm
2
) of alteration by Wattage output and distance (mm). 

† 3mm vs. 10mm group, p ≤ 0.05 

* 0.8W vs. 2.0W group at 3mm, p ≤ 0.05 

** 0.8W vs. 3.0W group at 3mm, p ≤ 0.05 

 

 

† * 

 

† ** 
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Discussion 

The use of Nd:YAG lasers in the treatment of periodontitis has been well-documented in 

the literature[85, 86]. With the recent rise in peri-implantitis, lasers, especially Nd:YAG 

have been given particular interest as a potential aid in decontamination of implant 

surfaces[100, 106, 107]. Studies assessing the use of Nd:YAG in the treatment of peri-

implantitis are limited and controversial. This study sought to investigate the microscopic 

effect of surface treatment of TiUnite® implants with Nd:YAG laser at a set, 

predetermined distance at varying energy levels. Four NobelReplace® Tapered implants 

were irradiated at 0.8W, 2.0W and 3.0W at distances of 3mm and 10mm; implant 

surfaces were evaluated under SEM and the surface area of effect was calculated and 

related to the parameters used.  

Once a dental implant is placed, it is rapidly colonized by the oral bacteria at the implant 

sulcus.  The bacteria that colonize an implant surface are numerous and the complexities 

of these biofilm still are not fully understood[108]. Bacteria that can be found on a peri-

implantitis affected implant include Fusobacterium spp., Streptococcus spp., 

Helicobacter pylori, Haemophilus influenzae, Aggregatibacter actinomycetemcomitans, 

Porphyromonas gingivalis, Tanerella forsythia, Staph. aureus among others[109]. 

Giannini et al. showed bacterial ablation on sand-blasted Ti surfaces with a mean power 

of 1-1.4W without altering the morphological features of the dental implants. They 

irradiated E. coli and A. actinomycetemcomitans both streaked on implant surfaces and in 

broth and found that even at the low energy levels (pulse energy of 20mJ) there was 

elimination of bacteria without damage to implant surfaces[102]. Nd:YAG has also been 
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shown to reduce the pro-inflammatory potential of Ti disk-adherent LPS in an in vitro 

model[105].  

 

The selection of the laser parameters in this study were based on previous research and 

from a series of pilot evaluations. Several authors have evaluated different Nd:YAG 

energy levels in the inactivation of endotoxin and reduction of biofilm in dentin, 

cementum and root canal systems [85, 89, 90, 110] as well as its  use in decontaminating 

implant surfaces[102, 111-113].  Fukuda et al. evaluated the influence of Nd:YAG on 

E.coli-derived LPS on cementum. Specimens were treated with energy levels of 

30mJ/10Hz (0.3W) for 2 seconds and 4 seconds, and 50mJ/10Hz (0.5W) for 2 seconds 

and 4 seconds. Their results showed no changes in LPS levels at 0.3W at 2 seconds but 

when exposure time increased to 4 seconds or energy level was increased to 0.5W 

inactivation of LPS was seen in outer layers of cementum[97].  

In this study, treatment of implants with the Nd:YAG laser produced microscopic 

changes at all energy levels and for both distances. Implants were examined visually as 

well as under SEM. SEM analysis revealed surface changes that included: flattening of 

surface, melting, cracking, bubbling and loss of TiUnite® surface. The trend was that the 

farther the laser fiber optic was from the implants, the less intense were the surface 

changes observed. The implants irradiated at 10mm had a more diffuse pattern of surface 

alteration, whereas implants irradiated at 3mm had a more distinct area of effect at higher 

energy levels (2.0 and 3.0W) and diffuse changes at the low energy level of 0.8W. 

The graph in Figure 18 shows that distance had a greater effect on implant surface 

alteration at higher energy levels (2.0W and 3.0W) than at the lower energy level of 



 

49 

 

0.8W. This indicates that distance becomes a more significant contributor to implant 

surface damage when higher energy levels are used.  

Albuoy et al. evaluated several different implant surfaces after surgical mechanical 

debridement after experimentally induced peri-implantitis. Among the surfaces they 

investigated was TiUnite® which continued to have bone loss after treatment whereas 

other implants surfaces (TiOblast™ and SLA®) had radiographic bone gain after 

treatment of implants. They attributed these differences in treatment outcomes to implant 

surface characteristics[72]. TiUnite® implants are rough surface implants, and this can be 

visualized under SEM as was done in this experiment. According the manufacturer the 

surface of these implants is titanium oxide added to the implant surface using spark 

anodization. A recent publication suggests the stripping of the rough TiUnite® surface 

with the use of an Er:YAG laser to allow for a smoother surface for possible re-

osseointegration and better decontamination. These authors were able to demonstrate 

osseointegration on the uncontaminated surface produced by the laser irradiation[114]. 

There was some loss of the anodized layer in 3 threads in this study under the 0.8W at 

3mm group, however the areas of surface loss were localized to the central parts of the 

thread and not visible on the troughs between the implant threads. Further study is needed 

to evaluate the influence of this lost anodized surface in re-osseointegration in a peri-

implantitis situation in a clinical model.  

Within the parameters of this study, a single pass application of Nd:YAG laser on 

anodized titanium surfaces, produces surface alterations that are proportional to the 

wattage and inversely proportional to the distance of the laser from the implant. It was 

found that distance played a greater role on surface area of alteration when higher 
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wattages are used. Further studies are required to determine the possibility of re-

osseointegration in TiUnite® implants after decontamination efforts with Nd:YAG laser 

in vivo. It remains to be investigated whether this surface damage and charring that was 

observed is a hindrance to re-osseointegration after treatment of implants as well as 

whether these surface alterations produce any harmful effects to surrounding tissues.  
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Conclusion 

Within the limits of this study, the application of a single pass Nd:YAG laser on 

TiUnite® surfaces produces surface alterations that are proportional to the wattage and 

inversely proportional to the distance of the laser from the implant. When held at 10mm, 

there was no significant difference between energy levels. However, at 3mm, the 2.0W 

and 3.0W groups exhibited similar surface area alterations, each of which were 

significantly greater than the 0.8W group.  All implants exhibited surface alterations 

when observed under SEM.  
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