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The use of dental implants for the replacement of miss-
ing teeth or entire dentitions is becoming the stan-
dard of care in treatment planning for patients.1-3 This 
paradigm shift from fixed or removable prostheses to 
implants is largely patient-driven. Greater chewing ef-

ficiency, patient comfort and satisfaction, and predictable results 
with improved stability, retention, and function are some of the 
forces responsible for this shift.4,5 However, along with scientific 
and technological advances have come increased challenges regard-
ing dental anatomic sites for dental implant surgical placement.

Even with 90% to 98% reported success for implants,6-8 clinical 
observations of implant failures are increasing. Implant failures 
begin initially as peri-implant mucositis and develop into peri-
implantitis. Multiple or even multifactorial etiologies have been 
reported in the peer-reviewed literature as causes of implant fail-
ures.9 Determination of the cause(s) of implant failure dictates 
appropriate treatment plans for implant rescue.

Peri-implantitis, loss of attachment, and loss of osseointegration 
do not have well-documented therapies for management, other 
than case reports. This article offers a treatment option for regener-
ation of lost attachment and osseointegration in a peri-implantitis 
clinical case that is representative of many successful cases.

Minimally Invasive Protocol
The well-defined protocol (LAPIP™, Millennium Dental Tech-
nologies, www.lanap.com) provides a minimally invasive surgical 
methodology to address and effectively treat the growing inci-
dence of peri-implant mucositis and peri-implantitis.10 A critical 

component of this protocol is the use of a specific 6.0-watt, free-
running digitally pulsed neodymium:yttrium-aluminum-garnet 
(Nd:YAG) laser (PerioLase® MVP-7™, Millennium Dental Tech-
nologies) of 1064-nanometer (nm) wavelength with variable pulse 
width that is designed specifically for the treatment of periodontal 
disease and the LAPIP therapy.

Briefly, this multi-step protocol includes the following proce-
dures: Surgical probings are performed under local anesthesia to 
record the depths of all bony defects in the soft tissue around the 
implant. Pocket depth determines the amount of laser energy to 
be delivered during the initial ablation and subsequent hemostasis 
applications. The laser fiber is then inserted into the periodontal 
pocket, oriented in a prescribed fashion, and the laser is activated 
at particular settings to ablate (remove) the diseased epithelial 
lining and granulomatous tissue and to reduce bacteria. Ultrasonic 
scalers and special hand instrumentation are then used to remove 
foreign substances (including calculus and cement) from the im-
plant surfaces. Next, bone is modified and decorticated in a pre-
scribed manner to stimulate the release of fresh blood and growth 
factors from the bone. The laser is then used again at specifically 
adjusted settings in hemostasis mode to form a thermal gelatinous 
clot containing growth factors from the bone. Coronal soft tis-
sue is approximated against the implant using finger pressure to 
achieve adhesion, and then occlusal adjustment is performed to 
reduce traumatic forces and mobility. Splinting reduces mobility 
and traumatic occlusal forces.

Collectively, these procedures provide the environment for reos-
seointegration of the implant.
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The effectiveness of the Nd:YAG laser wavelength in achieving its 
successful clinical outcomes under this protocol may be attributed 
to a variety of factors as discussed below. 

Selective Photothermolysis
The first aspect is the minimally invasive, tissue-conserving quality 
of this laser wavelength when it is emitted at particular laser operat-
ing parameters, including power densities, energy densities, spot 
sizes, peak powers, pulse frequencies, and variable pulse durations. 
In their light microscopy study, Gold and Vilardi observed the ability 
of the pulsed Nd:YAG laser to effectively remove periodontal pocket 
lining epithelium in humans with moderate periodontitis without 
causing damage (necrosis or carbonization) to the underlying con-
nective tissue.11

Ting et al made similar observations in human patients with 
chronic periodontitis of moderate severity treated with a pulsed 
Nd:YAG laser. Histologic and scanning electron microscopic ex-
aminations of tissue specimens showed laser irradiation was able 
to remove inflamed pocket epithelium without damage to healthy, 
uninflamed pocket epithelium and with no significant damage to 
the connective tissues. They also noted a complete absence of mi-
croorganisms in the laser-treated test specimens.12

This apparent selective photothermolytic capability of the 
Nd:YAG laser wavelength was demonstrated in a laboratory 
study by Harris and Yessik, who examined the ablation of the 
periodontal pathogen Porphyromonas gingivalis grown on blood 
agar. This medium was used as an approximation of gingival tis-
sue. At particular settings, the laser was able to ablate the subject 
pathogen without visible effect on the blood agar. The research-
ers concluded that in a clinical setting, the pulsed Nd:YAG laser 
may selectively destroy pigmented pathogens while leaving the 

surrounding tissue intact. The pulsed 810-nm diode did not ex-
hibit the same selectivity.13

Bactericidal Capability
A second factor is the demonstrated ability of the Nd:YAG laser to 
reduce pathogenic microorganisms in the periodontal pocket. In 
1992 Cobb et al detected a substantial suppression of three puta-
tive microbial pathogens (Aggregatibacter actinomycetemcomitans, 
P gingivalis, and P intermedia) within the laser-treated pockets 
of human patients compared to untreated control sites. The in-
vestigators indicated their results are suggestive of a potential 
specific use of the Nd:YAG laser for the removal of bacteria from 
infected pockets.14

Twenty-two years later, McCawley (one of the members of the 
1992 Cobb investigative team) and colleagues assessed the im-
mediate post-treatment effects of Nd:YAG laser irradiation on 
putative bacterial pathogens in deep periodontal pockets of 20 
human patients. They reported the laser immediately suppressed 
the tested pathogens below culture detection limits.15

Similarly, De Andrade et al found that Nd:YAG laser associated 
with conventional scaling and root planing produced a greater reduc-
tion of total bacteria in class II furcations of patients immediately 
after treatment, compared to sites that were conventionally treated.16

Giannelli and colleagues tested four different lasers and dem-
onstrated that the Nd:YAG and 810-nm diode lasers were able to 
significantly reduce six periodontopathogenic bacterial species 
within gingival epithelial cells outside the periodontal pockets 
of adult patients with chronic periodontitis, without damage to 
connective tissue. They indicated the accompanying microves-
sel constriction can prevent bleeding and reduce the chances of 
systemic bacterial spreading during treatment.17

Fig 1. Fig 2. 

Fig 1. Analog radiograph of implant site affected by peri-implantitis. Fig 2. Digital radiograph showing progressive deterioration of the site.
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Judicious use of the proper laser parameters, informed clinical 
technique, and live patient training can help achieve the results 
reported in a human patient study of Nd:YAG laser treatment of 
failing implants, performed by 21 dentists trained in the LAPIP 
technique. Post-treatment radiographs ranged from 2 to 48 months. 
All examined cases provided evidence of increase in crestal bone 
mass around the implant and, when reported, probe depth reduc-
tions. All clinicians noted control of peri-implantitis, reversal of 
bone loss, and rescue of the incumbent implant.10

Anti-Inflammatory Efficacy
The Nd:YAG laser’s antibacterial capability is related to its anti-
inflammatory effect. In a study comprising 30 patients with chronic 
periodontitis, Gómez et al analyzed the gingival crevicular fluid 
samples for immunological markers of inflammation—interleu-
kin-1 beta (IL-1 ) and tumor necrosis factor alpha (TNF- ), two 
cytokines whose increased production in the host causes damage 
to soft tissues and periodontal bone support. Compared to scaling 
and root planing (SRP) only, the SRP-plus-Nd:YAG laser treatment 
sites exhibited gingival crevicular fluid with significantly lower IL-
1  and TNF- .24

Relating the antibacterial effect of the Nd:YAG laser to implants, 
Giannini et al in their in vitro research found that specific param-
eters of Nd:YAG laser irradiation were able to ablate aerobic and 
anaerobic microbial species that were streaked on implants with-
out damaging the titanium surface.18 Similarly, Gonçalves and col-
leagues showed different levels of bacterial-level reduction on the 
surfaces of laboratory implants by Nd:YAG and 980-nm diode la-
sers, depending on the settings used and the type of implant surface. 
Scanning electron microscopic examination revealed no implant 
surface changes from the irradiation.19

That the Nd:YAG laser can be used to help decontaminate 
implant surfaces without apparent damage to the implant it-
self is an important consideration for effective clinical usage. 
Research shows that the Nd:YAG laser—or diode, erbium, or 
CO2 lasers—can adversely alter implant surfaces and/or result 
in inadvisable temperature increases, depending on the laser 
settings and exposure durations selected.20-23 Therefore, laser-
assisted peri-implant therapy is not recommended for a nov-
ice user. Attaining the proper qualifications through studied 
participation in a rigorous authorized training program is an 
absolute requirement.
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Fig 4. 

Fig 7. Fig 6. 

Fig 3. 

Fig 5. 

Fig 3. Periodontal abscess with bleeding and suppuration. Fig 4. Two weeks after lesion debridement and placement of healing abutment. Fig 5. 
December 2013 radiograph taken at the time of laser treatment. Fig 6. Immediate post-treatment. Fig 7. Soft-tissue healing 3 weeks after treatment.
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Two weeks later, on December 16, 2013, the soft tissue showed 
marked improvement but was still edematous (Figure 4). During 
this same appointment, a periapical radiograph was taken (Figure 
5) and the site was treated with the LAPIP protocol (Figure 6).

When the patient returned for post-treatment evaluation in early 
January 2014, significant healing had occurred and the soft tissue 
showed a substantially improved response (Figure 7).

Four months after treatment, the periapical radiograph revealed 
the progress of the apparent bone regeneration around the implant 
(Figure 8).

One year after the single LAPIP treatment was completed, the 
periapical radiograph showed significant and progressive regen-
eration of peri-implant bone (Figure 9). Probing depths were re-
duced to 4 mm. (Author note: This case was provided courtesy of 
I. Stephen Brown, DDS, FACD, FICD.)

Conclusion
The aforementioned laser-related factors provide insight into the 
possible contributing reasons for the demonstrated clinical suc-
cess of the described protocol. It should be emphasized, however, 

The Qadri group examined 30 adult patients with periodontal 
pockets of 4 mm to 8 mm in a split-mouth, controlled clinical trial. 
Randomly assigned sites received either SRP with Nd:YAG laser 
treatment (test sites) or SRP only (control sites). One week after 
treatment, compared to the control sites, the test sites showed signif-
icant reductions in IL-1  and matrix-metalloproteinase-8 (MMP-8), 
the major collagenase species in inflamed human periodontium.25

Giannelli and associates evaluated the in vitro effects of Nd:YAG 
laser irradiation on the inflammatory response to bacterial lipo-
polysaccharide (LPS)-coated titanium disks. They noted that laser 
irradiation significantly reduced LPS-induced nitric oxide produc-
tion and interleukin-8 production by endothelial cells, leading them 
to conclude that the use of the Nd:YAG laser may be a promising 
tool for therapeutically managing peri-implantitis.26

Biostimulation Effects
It may be possible that certain levels of Nd:YAG laser irradiation 
can stimulate aveolar bone growth at the cellular level. Arisu et 
al evaluated the in vitro effects of pulsed Nd:YAG laser energy at 
different energy settings on human osteoblast-like cell cultures. 
Standard colorimetric assays were used to estimate cell viability 
and proliferation after 7-, 14-, and 21-day incubation periods. They 
found that certain laser settings stimulated cell viability and pro-
liferation while higher settings had an inhibitory effect.27

The Chellini team investigated the in vitro effects of Nd:YAG laser 
irradiation on osteoblasts, endothelial cells, and fibroblasts—cells 
representative of the oral macroenvironment. They observed sig-
nificant induction in the expression of osteopontin, alkaline phos-
phatase, and Runt-related transcription factor 2 in osteoblasts, type 
I collagen in fibroblasts, and vinculin in endothelial cells, underlying 
molecular mechanisms demonstrative of a biostimulatory effect.28

Kim et al examined the effect of a Q-switched Nd:YAG laser 
(with the same wavelength as a free-running pulsed Nd:YAG laser 
but with higher peak power) on preosteoblast cells exposed to laser 
irradiation. Their in vitro results showed that high-power, low-level 
Nd:YAG laser energy not only increased osteoblast activity, but 
efficiently accelerated mineral deposition.29

Another Kim group also used a Q-switched Nd:YAG laser to 
investigate in vivo the capacity of bone repair in bilateral calvarial 
defects in rats and rabbits. They noted that periodic application 
of laser irradiation significantly increased new bone formation 
as evaluated by micro-computed tomography-based analysis and 
histological observation 4 weeks after surgery.30

Clinical Case
A 64-year-old female patient experienced early loss of attachment 
due to peri-implantitis as seen in a July 2012 periapical radiograph 
of an implant placed at the No. 18 site (Figure 1). Fifteen months 
later examination revealed marked progression of attachment loss 
and increase in probing depth (Figure 2).

The patient presented in October 2013 with a periodontal abscess 
with bleeding and suppuration. Pocket depths were 12 mm on the 
mesial and 10 mm on the distal of the implant (Figure 3). After the pri-
mary care dentist had removed the crown, in early December 2013 the 
treating clinician placed a healing abutment after debriding the lesion.

Fig 8. 

Fig 9. 

Fig 8. April 2014 radiograph showing bone regeneration. Fig 9. December 
2014 radiograph depicting progressive bone regeneration.
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that this protocol is a mult i-step approach that utilizes both 
conventional instrumentation and a specific Nd:YAG laser with 
multi-variable pulse width and specific energy settings, energy 
densities, pulse frequencies, peak powers, and pulse durations 
to achieve its results. Additional investigations will elucidate 
how the combination of steps performed during this procedure 
optimizes patient outcomes. 

Armed with the proper training and carefully adhering to 
the prescribed step-by-step approach, general practit ioners 
and specialists alike have an effective therapy regimen that is 
designed specifically to treat peri-implantitis and save ailing 
and failing implants. 

DISCLOSURE 

The author is currently chairman of the US Food and Drug Administration 

(FDA) Dental Products Advisory Panel. Comments printed in this article do 

not reflect the policies of the FDA. Dr. Suzuki received no honorarium from 

Millennium Dental Technologies fo r this article. 

ABOUT THE AUTHOR 

Jon B. Suzuki, DDS, PhD, MBA 
Professor of Microbiology and Immunology, School of Medicine, and Professor 
of Periodontology and Oral Implantology, School ofDentistry, Temple University, 
Philadelphia, Pennsylvania; Chairman and Director of Graduate Periodontology 
and Oral Implantology, Temple University; Associate Deanfor Graduate Education, 
Temple University 

~ 

.. 'OI!l · World~ I Cont1numg Dental Education 
• ~""'oNGLEARNING forLIFE-LONG LEARNING 

I.J"-

REGISTER TODAY 
for FREE CE Webinar at CDEWorld.com 

The New Goal of Periodontal 
Therapy and How Best to Achieve It! 
Monday I November 23, 2015 I 7 PM EST (4 PM PST) 

PRESENTER _____________ Tim Donley, DDS 
CE CREDITS 1 Interactive CEU 
SUPPORTED BY Parkell 

Reg1ster at http: cdeworld.com go webreg30 

Immediate Implants: 
Lab Communication and Prosthetic Delivery 
Wednesday I December 9, 2015 I 7 PM EST (4 PM PST) 

PRESENTER ___________ Brandon Dickerman 
CE CREDITS 1 Interactive CEU 
SUPPORTED BY Straumann 

Reg1ster at http://cdeworld.com/go/webreg21 

A\D)AC• E· R· p · 
CONTINUING EOIJCATJONRE:COGN!llONF'RoG!I,.... 

DentallearningS'(stems.LLCisanAOACH!PI!e<(91izedProvider. 

A[ti(EI!Pisasel'lic:eof theAmeriunDe!ltiAAslocialiootoiMI!delltiAprofessionalsin 
i delltif'l i ngquaitvPIOI'idersof(oot inui ngdi'ntaleciluUon.ADA(ERPdoesnola~ 

ocen<b'sefll:hi.1ll:ltccmesor instructOtS.nordoes t i rrc:Nvacceptar~eeofc!Edit hcm 

bVboordsofdellfutrv.Coocernsor<omlilintsib:ll.taCEI:Iwidefmavbi!directed tothe 
providi'ror to,l.[lACEI!Piltwww.dda.ocg/(erp. 

Academy 
o/Gtntm!D<nrrsrry .lwM'dOO~FttWe!FNJ)/IWlJC!rotAp(Jtlwl 

~ doi!s.nol iT(iVa<cectm t¥astateor~OOirdo! 
___ ... dentistrYorAGli!I'KiooemenlVV2(Mlto12/WKIJ6 

~PrmideriDII"l:fml 

760 COMPENDI UM November/ December 2015 

REFERENCES 

1. W hite GS. Treatment of the edentulous patient. Oral Maxillofac Surg 
Clin North Am. 2015;27(2):265-272. 

2. Com pagnoni MA, Paleari AG, Rod ri guez LS, et al. Impact of replacing 

convent ional complete dentures w ith implant -supported f ixed complete 
dentures. lnt J Periodontics Restorative Dent . 2014;34(6):833-839. 

3. Misch CE, Perel ML, Wang HL, et al. Implant success, surv iva l, and 

fa ilure: the International Congress of Oral lmplanto logists ( ICOI) Pisa 
Consensus Conference. Implant Dent. 2008;17(1):5-15. 

4 . Chee WW. Treatment p lanning: implant-supported partial overden

tures. J Calif Dent Assoc. 2005;33(4):313-316. 
5. Doundoulakis JH, Eckert SE, Lindquist CC, Jeffcoat MK. The implant

supported overdenture as an alternative to the complete mand ibular 

denture. JAm Dent Assoc. 2003;134(11):1455-1458. 
6. Dierens M, Vandeweghe S, Kisch J, et al. Long-term fo llow-up of 

turned sing le imp lants placed in periodontally healthy patients after 16-

22 years: rad iographic and peri -implant outcome. Clin Ora/Implants Res. 
2012;23(2):197-204. 

7. Gatti C, Gatti F, Chiapasco M, Esposito M. Outcome of dental implants 

in parti all y edentulous patients w ith and w ithout a history of periodon
tit is: a 5-year interim analysis of a cohort study. Eur J Oral!mp!anto!. 

2008;1(1):45-51. 

8. Daubert DM, Weinstein BF, Bordin S, et al. Prevalence and predictive 

facto rs fo r peri -implant d isease and implant fa ilure: a cross-sectional 
analys is. J Periodontal. 2015;86(3):337-347. 

9. American Academy of Periodontology Task Force on Peri-lmplantit is. 

Peri -implant mucositis and peri -implantitis: a current understanding of their 
diagnoses and clinica l implications. J Periodontal. 2013;84(4):436-443. 

10. Nicho lson K, Blodget t K, Braga C, et al. Pulsed Nd:YAG laser treat

ment for fa iling denta l implants due to peri -implantit is. In: Rechmann P, 

Introducing ... 

Dentistry· EBooKs 

"Digital Technology 
Integration for Efficient 

Clinical Workflow" 

RELEASE DATE: 
7.29.2015 

ALSO AVAILABLE FOR DOWNLOAD: 
"Going Digital" 

insidedentistry.net/ebooks 

Vo lume 36, Number 10 



Fried D, eds. Lasers in Dentistry XX. Bellingham, WA: SPIE -The Interna

tional Society for Optical Engineering; 2014:89290H-1-89290H-14. 
11. Gold Sl, Vilardi MA. Pulsed laser beam effects on gingiva. J Clin Peri

odontal. 1994;21(6):391-396. 

12. Ting CC, Fukuda M, Watanabe T, et al. Morphological alterations of 
periodontal pocket epithelium following Nd:YAG laser irradiation. Pho

tomed Laser Surg. 2014;34(12):649-657. 

13. Harris DM, Yessik M. Therapeutic ratio quantifies antisepsis: abla
tion of Parphyromonas gingiva/is with dental lasers. Lasers Surg Med. 

2004;35(3):206-213. 

14. Cobb CM, McCawley TK, Ki lloy WJ. A preliminary study on the effects 
of the Nd:YAG laser on root surfaces and subgingival microflora in vivo. J 

Periodontal. 1992;63(8):701-707. 

15. McCawley TK, McCawley MN, Rams TE. LANAP immediate ef

fects in vivo on human chronic periodontitis microbiota. J Dent Res. 
2014;93(spec iss A):Abstract 428. 

16. de Andrade AKP, Feist IS, Pannuti CM, et al. Nd:YAG laser clinical as

sisted in class II furcation treatment. Lasers Med Sci. 2008;23(4):341-347. 
17. Giannelli M, Bani D, Viti C, et al. Comparative evaluation of the effects 

of different photoablative laser irradiation protocols on the gingiva of 

periodontopathic patients. Phatomed Laser Surg. 2012;30(4):222-230. 
18. Giannini R, Vassalli M, Chellini F, et al. Neodymium:yttrium alumi -

num garnet laser irradiation with low pulse energy: a potential tool 

for the treatment of peri-implant disease. Clin Ora/Implants Res. 
2006;17(6):638-643. 

19. Goncalves F, Zanetti AL, Zanetti RV, et al. Effectiveness of 980-

nm diode and 1064-nm extra- long-pulse neodymium-doped yttrium 
aluminum garnet lasers in implant disinfection. Photamed Laser Surg. 

2010;28(2):273-280. 

20. Kilinc E, Rothrock J, Migliorati E, et al. Potential surface alteration ef
fects of laser-assisted periodontal surgery on existing dental restorations. 

Tekscarr 

Quintessence Int. 2012;43(5):387-395. 

21. StObinger S, Homann F, Etter C, et al. Effect of Er:YAG, C02 and diode 
laser irradiation on surface properties of zirconia endosseous dental 

implants. Lasers Surg Med. 2008;40(3):223-228. 

22. Geminiani A, Caton JG, Romanos GE. Temperature change during 
non-contact diode laser irradiation of implant surfaces. Lasers Med Sci. 

2012;27(2):339-342. 

23. Geminiani A, Caton JG, Romanos GE. Temperature increase dur
ing C0

2 
and Er:YAG irradiation on implant surfaces. Implant Dent. 

2011;20(5):379-382. 

24. Gomez C, Dominguez A, Garcia-Kass AI, Garcia-Nunez JA. Adjunc
tive Nd:YAG laser application in chronic periodontitis: clinical, immuno

logical, and microbiological aspects. Lasers Med Sci. 2011;26(4):453-463. 

25. Qadri T, Poddani P, Javed F, et al. A short-term evaluation of Nd:YAG 
laser as an adjunct to scaling and root planing in the treatment of peri

odontal inflammation. J Periodontal. 2010;81(8):1161-1166. 

26. Giannelli M, Bani D, Tani A, et al. In vitro evaluation of the effects of 
low-intensity Nd:YAG laser irradiation on the inflammatory reaction elic

ited by bacterial lipopolysaccharide adherent to titanium dental implants. 

J Periodontal. 2009;80(6):977-984. 
27. Arisu HD, TOrkoz E, Bala 0. Effects of Nd:YAG laser irradiation on 

osteoblast cell cultures. Lasers Med Sci. 2006;21(3):175-180. 

28. Chellini F, Sassoli C, Nosi D, et al. Low pulse energy Nd:YAG laser 

irradiation exerts a biostimulative effect on different cel ls of the ora l mi
croenvironment: "an in vitro study." Lasers Surg Med. 2010;42(6):527-539. 

29. Kim IS, Cho TH, Kim K, et al. High power-pulsed Nd:YAG laser as 

a new stimulus to induce BMP-2 expression in MC3T3-E1 osteoblasts. 
Lasers Surg Med. 2010;42(6):510-518. 

30. Kim K, Kim IS, Cho TH, et al. High-intensity Nd:YAG laser accelerates 

bone regeneration in calvarial defect models. J Tissue Eng Regen Med. 
2015;9(8):943-951. 

NewT-Scan® Novus™ 

Occlusion for the Digital Dentist 
• Occlusion data represented on both arches 

• Digital impressions with contact forces and timing 

• Implant loading alerts 

• More tools and features to help you fine-tune the bite 

VISIT WWW.TEKSCAN.COM FOR A DEMO 

[ @ + 1 . 61 7. 4 6 4 . 4 2 8 0 c: 1 . 8 0 0 . 2 4 8 . 3 6 6 9 

www.co mpendiumlive.com Nove mber/ December 2015 COM PENDiUM 761 



"The well-defined LAPIP~ protocol provides an 
effective, minimally invasive surgical methodology 
to address and treat the growing incidence of 
peri-implant mucositis and peri-implantitis." 
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Philadelphia, PA 
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