Clinical Outcomes and Bacterial Recolonization Following Scaling and Root Planing
With and Without Er:YAG Laser in Chronic Periodontitis Patients

A Thesis
Presented to the Faculty of Tufts University School of Dental Medicine
in Partial Fulfillment of the Requirements for the Degree of
Master of Science in Dental Research

by
Abiar Alwael, BChD
May 2018

© 2018 Abiar Alwael

THESIS COMMITTEE
Thesis Advisor
Robert Gyurko, DMD, PhD
Associate Professor
Department of Periodontology
Tufts University School of Dental Medicine

Committee Members
Bjorn Steffensen, DDS, MS, PhD
Professor and Chair
Department of Periodontology
Tufts University School of Dental Medicine

Guzin Uzel, DMD, DMSc
Associate Professor
Department of Periodontology
Tufts University School of Dental Medicine

Nadeem Karimbux, DMD, MMSc
Associate Dean of Academic Affairs, Associate Professor
Department of Periodontology
Tufts University School of Dental Medicine

Sarah Pagni, MPH, PhD
Assistant Professor and Statistician
Tufts University School of Dental Medicine

ii

ABSTRACT
Introduction: Er:YAG laser is one of the most frequently used lasers in non-surgical and
surgical periodontal therapy. Er:YAG laser removes calculus and decontaminates root
surfaces. The literature is inconclusive regarding the clinical effects of Er:YAG lasers in
scaling and root planing and the microbiological outcomes when used as an adjunctive therapy
to conventional scaling and root planing. Objective: The purpose of this investigation was to
evaluate the efficacy of Er:YAG laser as an adjunct to scaling and root planing in non-surgical
periodontal therapy on probing depth, clinical attachment levels, gingival bleeding and
microbial colonization patterns. Materials and methods: The investigation was randomized,
controlled, split mouth single blinded clinical trial. Eleven participants over 24 years of age
that did not receive scaling and root planing in the past 6 months and without uncontrolled
systemic diseases, smoking, antibiotic use 6 months prior the enrollment were selected.
Participants were diagnosed with moderate to severe periodontitis. Following a randomization
scheme, two quadrants were selected per participant. One quadrant received scaling and root
planing only, while in the other quadrant in addition to scaling and root planing Er:YAG laser
was used in periodontal pockets ≥ 5mm. Clinical data were collected at the initial visit and at
6 weeks and 3 months following scaling and root planing +/- Er:YAG laser. Microbial cultures
were collected from sites that exhibited probing depth ≥ 5mm and bleeding on probing using
paper points at the initial visit and the same sites were used for microbial analysis at the 3
months re-evaluation visit.
Results: Eleven quadrants were evaluated in each treatment assignment. The scaling and root
planing group had an initial mean probing depth of 4.0 ± 1.6mm which decreased to
3.5±1.5mm at 6 weeks and remained 3.5±1.5mm at 3 months. The scaling and root planing +
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Er:YAG group had an initial mean probing depth of 3.9±1.6mm that decreased to 3.4±1.6 and
to 3.3±1.5mm at 6 weeks and 3 months, respectively. The scaling and root planing group had
an initial mean bleeding on probing of 55.44±17.5% which decreased to mean of 42.8±38.8%
and 20.2±7.5% at the 6 weeks and 3 months follow up visits respectively. The scaling and root
planing + Er:YAG group had an initial mean bleeding on probing of 51.4± 30.9%. In the 6
weeks follow up visit, bleeding on probing decreased to 28.7±24.4% and at the 3 months follow
up visit to 29.4±26.08%. There was an overall trend towards a decrease in the percentage of
the subgingival cultivable microflora at 3 months compared to baseline but this decrease was
not statistically significant.
Conclusion: Within the limitations of this study, the use of Er:YAG laser as an adjunctive
therapy to SRP in patients diagnosed with moderate to severe chronic periodontitis conferred
no additional clinical and microbial benefit compared to SRP alone.
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Clinical outcomes and bacterial recolonization following scaling and root planing with and
without Er:YAG laser in chronic periodontitis patients

Periodontal Disease
Definitions
Periodontal disease is an inflammatory process affecting the tooth supporting
structures. It can be reversible (gingivitis) or irreversible (periodontitis) depending on the
disease stage and structures affected [1]. Understanding the etiology and the pathogenesis of
periodontal disease is fundamental for successful treatment and management. The term
“periodontal disease” is broad and can be subdivided into subcategories depending on the stage
of the disease and the affected structures. The periodontium is considered as the primary
environment for many inflammatory lesions that might have different etiologies but may
manifest in a similar manner clinically and histologically [2]. Inflammation can be plaque
induced or non-plaque induced [1]. At the initial stages of inflammation, the immune system
attempts to eliminate the source of insult by initiating an inflammatory response that can be
reversed as soon as the insult was removed; this is called gingivitis [2]. If the insult persists, it
will lead to a state of chronic inflammation and result in loss of the connective tissue
attachment, alveolar bone and formation of the periodontal pocket; this is called periodontitis
[2].
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Classification of Periodontal Diseases
Appendix B presents the classification based on the consensus published in the
International workshop for a classification of periodontal disease and conditions, 1999 [1].
Gingivitis and periodontitis are the two most commonly occurring inflammatory
periodontal diseases [1]. Periodontitis can be further subdivided into chronic and aggressive
forms. Aggressive periodontitis is prevalent in patients aged 30 years or younger. It can be
classified into localized and generalized depending on the teeth involved [1].
Chronic periodontitis is the most prevalent form of periodontitis. It is slowly
progressing[3]. Systemic or environmental modifying factors play a role in the manner of
which the host responds to dental plaque accumulation. For example, in the presence of
stress[4], Diabetes Mellitus[5], or smoking[6], the disease progression is exacerbated[3].
Chronic periodontitis is consistent with the presence of chronic plaque and calculus. It can be
present in adults, adolescents or children population.

Progression of Periodontal Disease
Progression of periodontal disease is well documented in the periodontal literature. It
was shown in a study performed on Sri-Lankan tea workers who never received oral hygiene
instructions or mechanical therapy that periodontal disease exhibits different rates of
progression. [7] In the absence of oral hygiene, the rate of progression was broken down into
three groups: rapid progression in 8% of the population, moderate progression in 81% of the
population, and no progression beyond gingivitis in 11% of the population. [7]
Periodontal disease patterns of progression can be divided into three different models.
The first model suggests periodontal disease is chronic and has a slow, continual, progressive
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and unremitting pattern. [8] It was concluded that the mean annual attachment loss in untreated
human populations was 0.1 mm so a suggestion was made that once a periodontal lesion starts,
it should be treated.[8] On the contrary, Goodson et al. [9]mentioned that there are cycles of
periodontal disease activity which are manifested as increase in probing depths in certain sites
and a decrease in other sites and alveolar bone follows the same pattern.
The second model suggested by Socransky and Haffajee [8] was the random burst
model. In this model, the activity occurs randomly in any site while other sites show no disease
activity. This model was attributed to the fact that the disease is random in timing rather than
the site. It can be due to the nature of the pathogen that is causing the disease or to a deficency
in the host immune response. [8]
The third model was the asynchronous multiple burst model. In this model, several sites
demonstrated repeated bursts of activity over a time period followed by a prolonged period of
disease inactivity. Bursts of activity may occur at sites on a later time period while other sites
do not show periodontal disease activity. [8] The authors suggested that treatment of any model
should be provided to prevent further disease activity and halt the progression of attachment
loss.

Epidemiology of Periodontal Disease
Gingivitis is more prevalent in adolescence and subsides in older age. [10] The
prevalence of gingivitis range from 40% to 60% in United States school children. [11]
Likewise, longitudinal studies amongst Norwegian professionals concluded that gingivitis is
prevalent between teen years and 40 years old. [12].
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It is well documented in the literature that the prevalence of generalized severe forms
of periodontitis range between 5% to 15%.[13]
According to the National health and Nutrition Examination Survey, 8.7% of United
States adults have slight periodontitis and 30% have moderate periodontitis. [14] Severe forms
of periodontitis was much more prevalent in minorities, people with who did not have more
than high school education which is considered one of the socioeconomic factors, and those
who do not have frequent dental care and had subgingival calculus.[13]

Determinants of Periodontitis
Age
Periodontal disease seen in older age groups reflects the past history of the disease and
the amount of destruction that has occurred as opposed to an age-specific condition.[1]. If an
elderly person maintains his/her dentition with regular dental visits, good oral hygiene , and
minimal inflammation, then it is unlikely that the individual develops bursts of periodontal
disease activity. [15] Nevertheless, some studies have showed that altered innate and adaptive
immune response in aging population has an impact on periodontal disease progression. In an
in-vitro study by Ogura et al.. [16] it was demonstrated that higher amounts of IL6, PGE2 and
IL1B were produced in response to LPS from aged gingival fibroblasts compared to young
gingival fibroblasts. Similar findings were seen in rats and rhesus monkeys’ models.[17, 18]
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Genetics
It has been hypothesized that the genetic background may modify periodontal disease
susceptibility and progression. Gene to gene interactions and epigenetics were discussed in the
literature. Familial aggregation of periodontal disease studies suggest that aggressive forms of
periodontal disease may be inherited as autosomal dominant trait in black and Brazilian
families. [19] [20, 21]
The role of genetic predisposition in chronic periodontitis was further explained in twin
studies by Michalowicz and co-workers.[22, 23] They concluded in their studies that
periodontal disease expression in twins can be caused by genetic factors. on the contrary,
monozygotic and dizygotic twin studies showed that there was a lack of evidence to relate the
progression of periodontal disease to genetic backgrounds.[24]
Kornman et al. investigated the influence of the Interleukin 1 (IL-1) genotype as a
severity factor in periodontal disease. [25] Pro-inflammatory cytokines such as IL-1 and tumor
necrosis factor alpha (TNF alpha) are important regulator of the host immune response against
microbial insults.[25] IL-1 is released by macrophages, platelets and endothelial cells. It plays
an important role in the extracellular matrix catabolism and bone resorption. It was concluded
that 86% of severe forms of periodontitis are associated with either IL-1 genotype or smoking.
[25] A combination of IL-1 genotyping and smoking history may provide a good risk profile
for patients.[25] When studies compared different population in terms of the distribution of
IL1 alpha and beta, data showed that Caucasians have higher proportions followed by African
American ethnicity and then Asian populations.[25-27]
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Gender
Findings in national surveys revealed that periodontal disease is more prevalent in
males than in females.[28] Males usually exhibit poorer oral hygiene compared to females,
less positive attitudes toward oral health, and dental-visit behavior among males than to any
genetic factor. [15]
Socio-economic status
Studies have shown that low socio-economic status, low standard education and
undesirable living circumstances are correlated with poorer oral health. [29]

Risk factors of Periodontal Diseases
Dental plaque
Dental bacterial plaque is the most frequent modifiable finding in periodontally
compromised patients. Dental plaque is defined as microbial community that is embedded on
a matrix of polymers that are salivary and bacterial in origin. It is composed of structurally and
functionally organized mass of species. [30]
Dental plaque formation occur in different stages:[30]
1. Formation of biofilm
Molecules derived from saliva and gingival crevicular fluid adhere to the tooth
surface once it is exposed to the oral environment. This thin biofilm acts as a
harbor for future bacterial colonization.[31]
2. Reversible adhesion
Reversible adhesion occurs between the biofilm and bacterial surfaces. It is
called reversible due to the weak charge between both surfaces.[32]
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3. Irreversible adhesion
The presence of adhesins on microbial cell surfaces and receptors on the pellicle
will allow the irreversible adhesion to occur. The interaction is strong and it is
considered as a target for interventions to prevent further colonization. [33]
4. Co-adhesion
Receptors on attached bacteria and adhesins molecules on secondary and late
colonizers interact and lead to increase the diversity of the microbial community. [30]
5. Multiplication of attached cells
Multiplication of attached cells lead to matrix formation. The matrix makes the
biofilm more stable with strong structural integrity to tolerate environmental
factors and antimicrobial therapy. [34]
6. Detachment
Bacteria is able to sense changes in their environment and respond to it by
cleaving the adhesins and enabling the cell to detach and colonize on a different
site. [30]
Microbial complexes in subgingival plaque
Understanding the relationship among bacterial complexes is crucial for disease control
and treatment planning. According to Socransky et al. [35], bacterial species exist in
complexes in the subgingival plaque. Gram negative bacteria are a common finding in the
subgingival plaque samples examined using electron and light microscope. [35] Furthermore,
these investigators categorized subgingival complexes as color-coded clusters as shown in
appendix A, illustration 6.
With the increasing colonization by the orange complex micro-organisms, more red
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complex micro-organisms were also detected. [35] Environmental factors play a role in the
pattern of colonization. For example, if an environment is more favorable for the growth of
one group it might be less favorable for the growth of another group.
In terms of probing depths, red and orange complex species were noticed with increased
probing depths. The majority of the sites that demonstrated bleeding on probing harbored red
complex micro-organisms. [35]
Red complex micro-organisms were found in deep probing depths in Chronic
Periodontitis patients. More specifically, T. denticola and P. gingivalis were detected in
probing depths of 4 mms and more. [35]

Methods of detecting the microbial composition of dental plaque
1. Microscopy
2. Bacterial Culture
3.Enzyme-linked Immunosorbent Assay (ELISA)
4.Polymerase Chain Reaction (PCR)
5.Real Time PCR
6.DNA- DNA Hybridization
7.Checker board DNA-DNA Hybridization
8. 16S rDNA amplification cloning
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Table 1: The advantages and disadvantages of each technique [36]

Method
Microscopy

Advantages

Disadvantages

- Recognition of
morphological types
- Determine the
arrangement of
microorganisms

- Labor intensive
-Imprecise

Culture

- Detect live bacteria
- Provides cultures for
further analysis

Immunofluorescence
(ELISA)

-Rapid and cheap
- Quantitative
- Specific

-Labor intensive
- Many species are not
cultivable
-Need to know which
species to look for
- Expense
- Labor intensive
-Needs specific antibody
- Small numbers can be
run

PCR

-Sensitive
-Specific
-Rapid

Real Time PCR

-Quantitative
-Sensitive
- Specific

DNA-DNA
Hybridization

-Quantitative
- Sensitive
-Specific
- Minimal cross reaction
with other species
-Quantitative
- Sensitivity and
specificity
-Inexpensive
- Rapid

Checkboard DNA-DNA
hybridization
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- Does not distinguish live
and dead bacteria
- Expensive
- Requires knowledge and
DNA sequence
Does not distinguish live
and dead bacteria
- Expensive
- Not suitable for large
numbers
- Detects species with
available probes
- Modest number of
species and samples
-Detects species with
available probes
- Modest number of
species and samples
-Possible cross reaction if

16S rDNA amplification
cloning

- Detects cultivable and
uncultivable species

sample size was not
adequate
- Expensive
- Small sample

Smoking
Tobacco smoking is considered as a strong modifiable risk factor and predictor of
future disease. Grossi et al. [37] demonstrated that smokers are 2.7 times more likely to have
periodontal disease than non-smokers.

Smoking creates a favorable environment for

periodontal pathogens in shallow pockets and a result smokers harbor more pathogenic species
in shallower pockets compared to non-smokers. [38] Smoking suppresses the vascular supply
of the periodontium resulting in masking the clinical signs of inflammation. [39]
Kaldahl et al. [40] evaluated the levels of cigarette consumption on the response to
periodontal therapy. He evaluated the response with patients diagnosed with moderate to
severe chronic periodontitis who underwent four different treatment modalities which were
coronal scaling, scaling and root planing, modified Widman flap, and osseous surgery. They
categorized smokers into heavy smokers (>20 cigarettes/day), light smokers (<19
cigarettes/day), past smokers and non-smokers. [40] They concluded in their study that light
and heavy smokers responded less favorably to therapy compared to past smokers or nonsmokers. [40]
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Pathogenesis of Periodontal Diseases
Exposure to the bacterial biofilm and all the related byproducts induces an
inflammatory process in gingival tissues. [41] The microbial composition differs between a
healthy periodontium and inflamed periodontium. Periodontal pathogens exhibit certain
characteristics that contribute to their pathogenicity, such as the ability to colonize, ability to
invade the anti-bacterial host defense mechanism and ability to produce tissue destruction
factors. [42] The virulence of these microorganisms can be expressed by the presence of
fimbriae or adhesion molecules that promote further bacterial colonization. [43, 44] Moreover,
the presence of lipopolysaccharides provides the bacteria with resistance against host defense.
[45]
In a healthy periodontium, macrophages and neutrophils act like a barrier in the plaquetissue interface as part of the host innate immune system. If the inflammation persists, the
adaptive immune response is activated and the process of producing antibodies and
complement system enables neutrophils to recognize, engulf and digest bacteria. [46]
Damage to the periodontium can occur either as a result to the direct effects of bacteria
on the periodontal tissues or by indirect effects. [46] Direct effects of bacteria and their
byproducts on the periodontium lead to edema and an increase in the volume of secreted
gingival crevicular fluid. The gingival crevicular fluid can provide an environment for the
bacteria to flourish.[46] Production of lipopolysaccharides can lead to bone resorption. [47]
Furthermore, P.gingivalis is known to produce enzymes, such as proteases, collagenases,
fibrinolysin, phospholipase A, that lead to destruction of periodontal tissues. [45]
Indirect effects of bacterial insult can be attributed to the over-expression of
polymorphonuclear leukocytes (PMNs). PMNs are crucial for the host immune response but
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they produce enzymes than can cause periodontal tissue loss during the degranulation process.
[46] The expression of pro-inflammatory cytokines and inflammatory mediators also play a
role in periodontal tissue destruction by promoting the release of tissue-derived enzymes and
matrix metalloproteinases that can lead of loss of connective tissue and bone. [46]
The changes on the histo-pathological level are manifested clinically and
radiographically by increased probing depths, tissue sponginess, loss of clinical attachment,
bone loss, bleeding on probing, gingival recession, tooth mobility, furcation invasions and
tooth loss. [41]
Diagnosis of chronic periodontitis
Chronic periodontitis represents the outcomes of an infectious condition that results
in inflammation of teeth-supporting structures and leads to loss of attachment and bone [48].
Based on clinical and radiographic examinations, the diagnosis of chronic periodontitis can be
made. The severity of chronic periodontitis can be categorized as follows in table 2 [48]:
Table 2: Parameters that determine the severity of chronic periodontitis

The clinical diagnosis of periodontal disease is based on attachment loss. [1] The
measurements of attachment loss are challenging in some instances. For example in the
presence of full coverage restoration, it is hard to detect the cemento-enamel junction visually
in the absence of gingival recession, most clinicians measure probing depths along with other
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clinical parameters such as bleeding on probing, mobility, furcation involvement, recession
and radiographs to reach a definitive diagnosis of chronic periodontitis. [48]
According to the 1999 consensus report on periodontal classification[49], features of
chronic periodontitis are:
• Most prevalent in adults, but it can occur in children and adolescents
• Amount of destruction is consistent with the presence of local factors
• Subgingival calculus is a frequent finding
• Associated with a viable microbial pattern
• Slow to moderate rate of progression, but may have periods of rapid destruction
• Can be further classified on the basis of extent and severity
• Can be associated with predisposing factors (e.g., tooth related and iatrogenic factors)
• May be modified by and/or associated with systemic diseases (e.g., diabetes mellitus,
HIV infections)
• Can be modified by factors other than systemic diseases such as cigarette smoking and
emotional stress
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Treatment of periodontal diseases
Treatment of periodontal disease consists of different phases: Phase I periodontal therapy
is the non-surgical therapy phase which aims to reduce inflammation by removing plaque and
calculus from the periodontal pocket and from tooth surfaces. Improving and monitoring the
patient’s home care is an essential part of Phase I therapy. In cases where Phase I is not
sufficient, Phase II or surgical therapy may be performed. Phase II therapy eliminates
periodontal pockets via either resective or regenerative surgery. Optimizing tissue health and
improving plaque control result in better surgical outcomes. [41] Phase III is the restorative
phase in which comprehensive restorative work takes place in a healthy periodontium. Finally
Phase IV is the maintenance phase which aims for ensuring long-term health and periodontal
stability. [41]

Non-surgical periodontal therapy
Part of the initial periodontal therapy is the removal of plaque, calculus and plaque
retention factors by the means of improving the patient’s oral hygiene and scaling and root
planing. The aim of initial therapy is to decrease the microbial load in the periodontal tissues
by removing supragingival and subgingival calculus, root planing cementum affected by
periodontitis, and control the inflammatory process. [41] At TUSDM, scaling and root planing
is typically done using a combination of hand instruments, curettes and ultrasonic scaler.
From a clinical standpoint, it has been shown that subgingival scaling and root planning
along with good oral hygiene result in significant reduction of tissue inflammation. [50]Hand
instrumentation using curettes was evaluated compared to diamond burs by Leknes et al. [51]
It was shown that hand curettes resulted in smoother root surfaces. [51] Surface recolonization
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was evaluated in the same study using scanning electron microscopy following
instrumentation. The use of hand curettes does not promote plaque formation compared to
diamond burs. [51]
Stambaugh et al. discussed the limits of subgingival scaling in 1981. [52] They evaluated
the curette efficacy by measuring the depth of the pocket instrumented and the ability to
produce surfaces free of plaque and calculus. Curette efficiency was at 3.73 mm and the
instrument limit was at 6.21 mm. [52] furthermore, Waerhaug et al.[53] evaluated the efficacy
of scaling and root planing and concluded that there was more than 90% of the cases had
residual plaque and calculus with probing depth of 5 mm or more.
The use of ultrasonic scalers can be advantageous in non-surgical periodontal therapy as
it leads to improvements in clinical and microbial outcomes equivalent or superior to manual
instrumentation. [54] Endodoxin is weakly attached to the root surfaces and can be removed
by the use of power-driven scalers which will enhance the detoxification of the root surface
and improves healing with minimal damage to root surfaces. Smart et al. [55] in an in vitro
investigation evaluated the detoxifying effects of ultrasonic root debridement using the
Limulus ameobocyte lysate assay for lipopolysaccharide. They debrided 20 extracted
periodontally involved single rooted teeth with a ultrasonic scaler and their results indicated
that 19 out of the 20 teeth had comparable levels of lipopolysaccharides to healthy control
teeth. Furthermore, the flushing action to cool down the tip of the ultrasonic scaler will help
eliminating weekly adherent plaque deposits. [54] Access to narrow defects, root grooves and
furcation is better with ultrasonic scalers compared to manual instrumentation. [56]
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Clinical outcomes of non-surgical therapy
Morrison et al. [57] evaluated 2355 teeth with moderate to advanced periodontitis at 4
weeks following non-surgical therapy that consisted of scaling, oral hygiene instructions and
occlusal adjustment. They compared mean measurement for probing depth of 1-3 mm, 4-6mm
and ≥ 7 mm. It was noticeable that clinical severity of periodontal disease is reduced
significantly for probing depths of 4-6mm and ≥ 7 mm at 4 weeks following non-surgical
therapy and the need for surgical intervention can be determined after the follow up of the nonsurgical treatment.
Moreover, Proye et al..[58] performed scaling and root planing of 128 pockets with a
probing depth range from 3-7 mm and followed up with the patients up until 1 month. They
concluded in their study that initial probing depth decrease was due to the gingival recession
and the secondary probing depth decrease was due to increase in clinical attachment levels.
They also evaluated bleeding on probing and plaque index before and after therapy and stated
that bleeding on probing was virtually absent at the 3 weeks evaluation visit and plaque levels
decreased compared to baseline. [58]
From these studies, we can determine that 4 weeks is the minimum period of time that
should elapse prior evaluating the patient following non-surgical therapy.

Lasers in periodontal therapy
The use of lasers in the field of periodontology has been reported in many studies.
Currently, many types of lasers are used to treat periodontal and peri-implant disease. Lasers
have been used in the medical field since 1960’s in ophthalmology. Goldman et al. [59] was
the first who used the laser the machine in the treatment of dental caries.
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What is a laser?
Laser is an acronym of “light amplification by stimulated emission of radiation. Laser is
defined as a “device that produces coherent electro-magnetic radiation”. [60] Laser light is
produced by providing energy to a substance or gain medium within a resonating chamber.
The medium produces photons which travels back and forth between the reflectors. One of the
reflectors allows part of the radiation to exit resulting in a laser beam as in illustration (1) [56]

Illustration 1: The design of laser and how the laser beam is generated

The gain medium differs between different types of lasers. According to Ishikawa et al. [56]
the final characteristics of a laser is governed by three factors which are the composition of the
gain medium, the source of energy to pump the photons and the design of the chamber.
Some factors in lasers determine the ease of use, energy levels and their range of
applications, such as the type of the delivery system whether it is optical fibers or articulated
arm with mirrors and the tip used for the laser. [56]
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Table 3: Different types of gain mediums used, energy and the oscillation modes [56]
Criteria

Types

Examples

Energy

Low output - therapeutic

Low output diodes

High output - surgical
Solid state

Diodes, CO2, Nd:YAG,
Er:YAG
Nd:YAG, Er:YAG

Gas

CO2

Gain medium

Excimer
Diode
Oscillation mode

Continuous wave

CO2 , Diodes

Pulsed wave

CO2, Diodes, Nd:YAG,
Er:YAG

Types of lasers

The most common types of lasers used in periodontics are carbon dioxide, neodyminium:
yttrium-aluminum garnet (Nd:YAG) and the erbium: yttarium aluminum garnet (Er:YAG).
According to Cobb[61], different lasers operate at different wavelengths and based on the
clinician’s decision and goals of treatment, the type of laser to be used is chosen.

19

Table 4: Different types of lasers used in periodontics and their clinical indications. [61, 62]

Laser type
Carbon Dioxide

Abbreviation

Wavelength

CO2

10,600 nm

Neodyminium;
Yttarium Aluminum
Garnet

Nd:YAG

1064 nm

Erbium: Yttarium
Aluminum Garnet

Er:YAG

2940 nm

Diode

Erbium,
chromium-doped
yttariumscandium-galliumgarnet

Er,Cr:YSGG
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Application
Soft tissue incision and
ablation
Subgingival curettage
Aphthous ulcer treatment
LANAP
Soft tissue incision and
ablation
Subgingival curettage
Bacterial elimination
LANAP
Soft tissue incision and
ablation
Subgingival curettage
Scaling of root surfaces
Osteoplasty and ostectomy

810-940 nm

Soft tissue surgery
Aphthous ulcer treatment
Ostectomy and osteoplasty
Scaling of root surfaces

2780 nm

Soft tissue surgery
Aphthous ulcer treatment
Ostectomy and osteoplasty
Scaling of root surfaces

Penetration depth of lasers
The level of laser performance is dependent on its degree of absorption into the
surrounding tissues. Laser energy is either reflected, scattered, absorbed or transmitted to the
surrounding biological tissues. [62] The determinants of the amount of absorption are the
presence of water molecules, proteins, pigmentations, and inorganic contents and the degree
of absorption of a laser is based on its wavelength. The amount of laser absorption is affected
by the absorption coefficient in water. [62] They are inversely correlated meaning that the
lower absorption coefficient into water, the deeper the penetration of the laser. According to
their depth of penetration, lasers can be divided into deeply penetrating lasers such as Nd:YAG
and diode lasers and superficially penetrating lasers such as Er:YAG and CO2.[62]

Illustration 2: different lasers wavelengths in relative to their absorption coefficient [62]
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Illustration 3: different classifications of lasers according to their penetration depth (Deep
and shallow) [62]

Table 5: The advantages and disadvantages of use of lasers in periodontal therapy [60]
Advantages

Disadvantages

Strong ablation

Expensive

Hemostasis

Different characteristics for each machine

Detoxification

Thermal damage to teeth surfaces and
attachment apparatus

Bactericidal

Possible thermal damage to dental pulp

Water irrigation

Inadvertent irradiation and reflection of
metal surfaces to the patient’s eye (need for
eyewear)
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Characteristics of different laser systems
CO2 laser
CO2 lasers run on both pulsed and continuous waves. It is used in soft tissue surgeries
because it is easily absorbed in water. It has a strong hemostatic effect, can result in minimal
scarring in wound healing and has bactericidal properties. Its use has been limited to soft tissue
procedures only as it resulted in thermal damage when used on hard tissues. It has absorbed by
the mineral content of hard tissues such as calcium and phosphate. Heat accumulation in the
hard tissues can result in carbonation of the organic minerals and melting the inorganic
components. [63]
In terms of calculus removal, it was shown that when CO2 laser was used at high energy
for calculus removal, it caused thermal damage to the root surface but when they were used at
low energy levels, it had positive outcomes in terms of root conditioning, detoxification and
decontamination of the root surfaces. [64-66]

Nd:YAG laser
Nd:YAG laser has a pulsed wave and it is a free running laser, meaning that the emission
is pulsed and a an external energy source is used to allow for short pulse durations and
maximum powers. It has low absorption in water which results in scattering or penetration of
the energy into biological tissues. [63] These properties make the Nd:YAG laser suitable for
soft tissue surgeries. It has a relatively strong hemostatic properties because it produces a thick
coagulation layer on the surface exposed to the laser. [63]
When Nd:YAG was tested for calculus removal, an in-vitro studies revealed that
Nd:YAG can partially remove calculus from root surfaces and results in thermal damage to the
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dentine when used at high power. [63] Furthermore, when the Nd:YAG laser was used on a
lower power mode, Arcoria et al.[67] demonstrated that detachment of calculus occurred
without resulting in thermal damage to the root surface.
Moreover, Cobb et al. [68]concluded in an in-vivo study that the use of Nd:YAG laser
for calculus removal resulted in an uneven removal and it was ineffective and recommended
that mechanical instrumentation should take place following laser therapy. When they used the
DNA probe to detect the subgingival microflora in sites treated with laser, it was shown that
there was a decrease in the number of periodontal pathogens after laser therapy. [68]
Miyazaki et al..[69]compared the efficacy of three treatment modalities in scaling and
root planing. They evaluated the efficacy of ultrasonic scalers, CO2 laser and Nd:YAG laser in
treating chronic periodontitis patients. Clinical outcomes in terms of decrease in probing depth
and inflammation were the same in all three modalities. When they evaluated the levels of
P.gingivalis, they noticed that there was a marked decrease in the Nd:YAG group and scaling
group.
Er:YAG laser
Er:YAG laser is well absorbed by all biological tissues that contain water molecules
and can be used for soft tissues and ablation of hard tissues [70]. It is highly absorbed in
water which minimizes the thermal effects on the surrounding tissues and the water coolant
minimizes the effects of heat on the area being treated. [70]
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Illustration 4: Different energy levels have different effect on root surface.

Er:YAG is a suitable choice for effective calculus removal. Its wavelength and the use
of water spray surface coolant effectively remove smear layers, calculus and necrotic
cementum from root surfaces without inducing tissue damage. Furthermore, the use of Er:YAG
laser demonstrated a superior advantage compared to conventional methods in terms of better
wound healing, decreased swelling and scarring, less pain and better patient’s tolerance when
the laser was used. [61]
Crespi et al. [71] demonstrated in an in-vivo study that the use of Er:YAG laser in a noncontact manner removed calculus and suggested that Er:YAG laser can be used for scaling and
root planing without the need for hand instrumentation if specific parameters were followed.
However there is no consensus of the level of calculus removal following the use of Er:YAG
laser[60].
Zhao et el [72] reported in a systematic review that the use of Er:YAG laser provided
similar clinical outcomes in terms of probing depth reduction and gain in attachment level
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compared to scaling and root planing after three months. Furthermore, Shwarz et al. [73] stated
in an in-vivo study that Er: YAG laser radiation enables effective removal of calculus and
preserves root surface compared to hand instruments histologically.
Aoki et al. [70] stated that since dental calculus contains water in its micro-pores, the
Er:YAG laser will be able to remove calculus at lower energy levels. Furthermore, it was stated
that following irradiation the root surface with Er:YAG laser, the smear layer was absent which
might have resulted in a better outcome.
Clinical studies were conducted comparing Er:YAG laser with conventional
scaling and root planing. [74] In a randomized split mouth study of 20 patients diagnosed with
moderate to severe periodontal disease, they concluded that laser therapy resulted in significant
reduction in bleeding on probing and improvement in clinical attachment levels compared to
scaling and root planing and the clinical attachment gain in the laser group was maintained for
more than 2 years.
Furthermore, the efficacy of Er:YAG laser as an adjunct to scaling and root planing
was evaluated by Schwarz et al.. [75]They found no additional benefit in terms of clinical
outcomes when the laser was used as an adjunctive therapy to scaling and root planing.
When comparing the efficacy of Er:YAG laser to ultrasonic scalers in patients
diagnosed with moderate to severe periodontitis at 6 months, there was an improvement in
bleeding on probing, probing depth and attachment levels. But the improvement was not
statistically significant between both groups. [76]
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Microbiological effects of the Er:YAG Laser
In the context of the microbiological effects of Er:YAG laser, Ando et al. [77] concluded
from an in-vitro study that the Er:YAG laser has a bactericidal effect at low energy levels.
When comparing the efficacy of the Er:YAG laser to ultrasonic scaling in terms of ablation of
pathogenic bacteria, Akiyama et al. [78] found that the effect of Er:YAG laser is superior to
the effect of the ultrasonic scaler. In addition, Aoki [70]reported that Er:YAG laser may
provide an antimicrobial advantage compared to conventional mechanical therapy. The laser
degrades and removes bacterial endotoxins without producing a smear layer.
Bactericidal effects of Er:YAG laser against P.gingivalis and Aggregatibacter
Actinomycetemcomitans were observed at low energy level (0.3 J/cm) in a non-contact
manner.[77] In addition, it was noticed by Yamaguchi et al.[79] that the Er:YAG laser
effectively remove most of bacterial lipopolysaccharides that had been coated on extracted root
surfaces in vitro.
Yilmaz et al. [80] performed full mouth scaling and root planing followed by
disinfection with an Er:YAG laser. Their protocol was 20 hz, 50mJ/pulse, 1minute/pocket, and
apicocoronal direction in parallel paths with 30-degree angle tips under water irrigation after
SRP according to the manufacturer’s instructions. They concluded that there was an overall
reduction in the microbial load but the difference was not statistically significant between
scaling and root planing with and without Er:YAG laser after three months.
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Recolonization patterns following scaling and root planing
Following scaling and root planing, the number of microorganisms was reduced but the
treatment did not eliminate the microorganisms. Spirochetes and motile bacteria were reduced
significantly[81] . Haffajee et al. in 1997[82] noticed that following instrumentation, P.
gingivalis, B. forsythus and T. denticola were decreased and within two weeks the bacteria
started to increase in number again. Haffajee et al. [82] further noted that by three months the
bacteria that were initially present prior to scaling and root planing recolonized most of the
sites. They suggested that periodic maintenance is recommended to keep the subgingival
bacteria at low levels and to prevent recurrence of disease. Mosques et al. [81] stated that the
time interval between scaling and root planing and recolonization differed amongst bacterial
species. They further illustrated that motile cells took only one week to repopulate whilst
spirochetes and coccoid cells were repopulated after 42 and 21 days respectively.

Mosques et al.[81] proposed that repopulation of bacterial species following scaling and
root planing is modulated by the immune response to these microorganisms. Therefore, a
suggestion was made to perform scaling and root planing to patients at regular intervals to
disturb the periodontal flora and boost the immune response against these microorganisms.
They further mentioned that a single session of scaling and root planing is sufficient to disturb
the subginival microbial flora and it requires approximately 42 days for the microbiota to return
to the baseline.
Magnusson et al. [83] evaluated 16 subjects with sites that had severe attachment loss
demonstrated by probing depth equal or more than 6 mm, bone loss more than 40% and
bleeding on probing. They obtained bacterial samples from selected sites and they determined
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the proportion of motile rods and spirochetes by using a dark-field microscope. They divided
their patients into two groups, one that received professional cleaning once every two weeks,
rinsed with 0.2% chlorhexidine digluconate twice daily for 1 minute and received oral hygiene
instructions whilst the other group did not receive professional cleaning until 16 weeks. They
reassessed the subjects at 2,4,8,12 and 16 weeks after completion of phase I therapy. [83] Their
findings suggested that subgingival debridement in patients that were maintained resulted in
reduction in motile rods and spirochetes and this finding was further confirmed by Slots et
al..[84] They concluded that the total number of subgingival microbiota was reduced 10-100
fold immediately after therapy and the proportion of Gram negative and anaerobic bacteria
approximately decreased 3-4 fold. They mentioned that Spirochetes and Capocytophaga
species did not reach their pretreatment baseline levels even after 6 months post therapy.
Furthermore, Gram negative species returned to their baseline levels 3 to 6 months post therapy
and the clinical status of periodontal tissues was a reflection of the microbiological shift
throughout the study. [82]
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Recolonization patterns following treatment with Er:YAG laser as an adjunct to scaling
and root planing
Sanz-Sanchez et al.[85] evaluated the microbiological effects and recolonization
patterns after adjunctive subgingival debridement with Er:YAG laser. They performed
subgingival debridement using a piezo-ceraminc ultrasonic devide under profuse water
irrigation in day 0 and sites with initial probing depth ≥ 4.5 mm received laser treatment with
Er:YAG laser (Settings 160 mJ / Frequency 10 Hz) after one week of the subgingival
debridement. They obtained bacterial cultures using paper points kept for 10 seconds after the
removal of the supragingival plaque. Bacterial cultures were taken at baseline, 3 months and
12 months following therapy and they did not detect a difference in microbiological effect and
recolonization patterns with Er:YAG laser.
Conversely, better microbiological outcomes were reported by Lopes et al.[86] with
the use of Er:YAG alone or in conjunction with scaling and root planing after 12 months
comparing their results with scaling and root planning alone. The literature is inconsistent
regarding the clinical effects of scaling and root planing and the microbiological outcomes.
The current study protocol aims to add to the literature whether the use of Er:YAG laser as an
adjunct will have an additional benefit compared to conventional methods only.
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Aim and Hypothesis
Aims
Primary Aim: to evaluate the efficacy of Er:YAG laser as an adjunct to scaling and root
planing periodontal therapy on probing depth and clinical attachment levels.
Secondary Aim: to evaluate the efficacy of Er:YAG laser as an adjunct to scaling and root
planing periodontal therapy on gingival bleeding.
Tertiary Aim: to compare the microbial recolonization following scaling and root planing
alone compared with scaling and root planing combined with Er:YAG laser therapy.

Hypotheses
The hypotheses are, that in periodontal patients diagnosed with moderate to severe
chronic periodontitis [1]:
1. Scaling and root planing plus Er:YAG procedure will result in improved clinical
parameters compared to scaling and root planing alone at 6 weeks and 3 months
after treatment.
2. Scaling and root planing plus Er:YAG procedure will result in fewer total
cultivable subgingival obligate anaerobes compared to scaling and root planing
alone at 3 months after treatment.
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Research Design
This study was a controlled randomized clinical trial including patients newly
diagnosed with moderate to severe chronic periodontitis according to the Armitage criteria [1].
One quadrant from each patient was randomized to undergo conventional standard of care
scaling and root planing and the other quadrant received root planing plus Er:YAG laser in
sites with ≥ 5 mm PD as an adjunctive therapy.
Outcomes studied were traditional periodontal clinical parameters at 6 weeks and 3
months after treatment. The clinical parameters were probing depth, soft tissue recession,
clinical attachment levels, and gingival bleeding index. Microbial samples were collected at
baseline and 3 months to compare survival and repopulation by periodontal micro-organisms.
o Experimental Design
The study design was a split-mouth, single blinded randomized design. Split mouth design
was utilized to minimize inter- individual variability when comparing treatment effect. The
evaluator was blinded with regards to which quadrant received which treatment.
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Materials and Methods
Study Design:
This study is a randomized controlled, single blinded clinical trial performed at Tufts
University School of Dental Medicine (TUSDM) in 2017-2018. It was approved by the
Institutional Review Board (IRB) on 11/02/2016 and the approval number is: 12321
Sample size:
A sample size calculation was calculated for probing depth in nQuery Advisor (version
7.0) with the following assumptions: a type I error of 1.17% (to allow for three comparisons
between the experimental groups at baseline-6 weeks, baseline-3 months, and 6 weeks3months); a type II error of 5%; the laser treatment group has a mean (SD) probing depth
reduction of 1.41 (0.23); the control treatment group has a mean (SD) probing depth reduction
of 1.04 (0.08). The minimum sample size necessary was determined to be ten subjects. While
a lower sample size of eight could be obtained using a type II error of 20% with the same
assumptions for probing depth reduction and type I error, increasing the sample size to ten
allows for better representativeness of population in the sample.
For attachment gain, 10 subjects gives 98% power with the assumptions of 1.17% type I error,
the laser treatment group having a mean (SD) attachment gain of 1.13 (0.15), and the control
treatment group having a mean (SD) attachment gain of 0.80 (0.14). Therefore, a sample size
of ten will be adequate for both measurements in the primary aim.
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Informed consent:
The participants were instructed to read the informed consent form (ICF) (Appendix
C). Participants were given ample time to have any questions answered. If a participant
decided to participate, he or she were instructed to sign the ICF. A copy of the ICF was given
to the participant. Demographic information and medical history were collected.
participants / inclusion criteria:
A participant had to be diagnosed with moderate to severe chronic periodontitis according to
the Armitage criteria [1]. In order for a participant to qualify in the study they had to fulfill
the inclusion criteria as follows:
1.

Participants were patients enrolled in the Post-Graduate Periodontology Clinic at
TUSDM. They must have all single rooted teeth present from first incisors to second
premolars a recent diagnosis of moderate to severe chronic periodontitis as described
in table 2 [48].

2. Participants had full mouth and vertical bite-wing series of diagnostic radiographs
exposed at TUSDM within 6 months preceding entry of the study as a standard of care.
3. Participants had a treatment plan certified by the Principal Investigator based on the
working diagnosis, presenting etiology, and the predicted therapeutic outcomes of the
case (prognosis).
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Exclusion criteria:
The following criteria excluded patients from participating in the study:
1. Participants who did not speak or write English.
2. Participants who had mechanical debridement or any other professional periodontal
therapy within 6 months preceding entering the study.
3. Participants with significant chronic oral soft tissue pathology (lichen planus, benign
mucous membrane pemphigoid, Sjorgren’s syndrome, etc.) which might affect host
response to periodontal bacteria.
4. Participants with fixed appliances or partial dentures, to standardize the effect of the
treatment since they are plaque retentive.
5. Participants who smoked tobacco because tobacco products have been known to affect
periodontal pathogenesis and wound healing.
6. Participants who required prophylactic antibiotics prior to dental treatment because the
constitutive effect of the antibiotic would affect the recovery of periodontal pathogens
7. Participants who had taken systemic antibiotic medications within the previous 6
months because the constitutive effect of the antibiotic would affect the recovery of
periodontal pathogens
8. Participants with uncontrolled systemic conditions or disease such as diabetes (HbA1C
> 7%) and immunological disorders as they effect body inflammation and response to
periodontal therapy.
9. Participants with known drug allergies or known adverse effects following the use of
oral hygiene products.
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10. Participants who were pregnant or lactating. Since pregnancy might have time
restraints and affects compliance.
11. Teeth with grade III mobility or teeth with hopeless prognosis indicated for extraction.
Radiographic Examination:
Radiographic examination was used to aid with diagnosis . [48] The diagnoses of
moderate to severe Chronic Periodontitis was based on the amount of clinical attachment loss
and radiographic bone loss in the presence of inflammation. [48] Radiographic bone loss can
be detected following the exposure of full mouth series and vertical bite wings to determine
the bone level relevant to the cemento-enamel junction (CEJ). The diagnostic criteria applied
in the current study to determine the severity of the periodontal disease is outlined in table 2.

Table 2: Criteria used to diagnose participants in the study [48]

Probing depths
Bleeding on probing
Radiographic bone
loss
CAL

Slight
>3 and <5mm
✔

Moderate
≥5 and < 7 mm
✔

Severe
≥ 7 mm
✔

Up to 15% of root
length
≥2mm and ≤3mm
1-2 mm

16% - 30% of root
length
>3mm and ≤5mm
3-4mm

> 30% of root length
>5mm
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≥5mm

Treatment Assignment and Randomization
A randomization scheme was generated using R (version 3.1.2) to determine which
quadrant of the participant’s mouth will receive experimental laser treatment or control
treatment. The randomization took place during the visit of scaling and root planing prior
initiating treatment.
Two quadrants with moderate to severe chronic periodontitis were selected for the study.
Randomization was used to determine which quadrant will be receiving conventional scaling
and root planing and which quadrant will be receiving scaling and root planing and Er:YAG
laser. If the participant had more than two quadrants that qualify for the study, two quadrants
were selected within the same arch for every participant and the remaining quadrants were
treated outside the study with the resident the participant is assigned to as a standard of care.
Dr. Alwael performed scaling and root planning alone and with Er:YAG laser on the eligible
quadrants.
The examiner (Dr. I. Kim.) was calibrated [87] in terms of measuring probing depth using
the UNC probe. The examiner took baseline measurements for all teeth in both quadrants prior
to treatment. Participants were re-examined by Dr. Kim 6 weeks and 3 months post treatment
to retake the clinical measurements. Dr. Kim was blinded as to which group each of the two
quadrants is in.
Microbial sampling was performed on single rooted, non-furcated teeth with 5-9 mm
probing depth and bleeding on probing. The same sites were sampled pre-treatment and posttreatment at 3 months for microbial analysis. The deepest two sites were chosen in each
quadrant for microbial sampling, for a total of 4 samples per participant. If multiple sites
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existed with a similar depth, the two most easily accessible sites were chosen for obtaining the
sample.
Treatment
Scaling and root planing was performed according to the standard of care at TUSDM
(Phase I periodontal therapy- Initial therapy). An ultrasonic scaler (Varios 360 LUX Model:
NE149) was used to scale the teeth and then hand scalers and Gracey curettes were used for
scaling and root planing under local anesthesia using 2% lidocaine + 1:100 000 adrenaline as
local infiltrations.
Er:YAG laser, Morita; AdvErL Evo Er:YAG Laser for Dentistry (Model: MEY-1-A),
was used in one quadrant only for study purposes as an adjunct to scaling and root planing.
Sites with pocket depths ≥ 5mm were exposed to laser therapy following scaling and root
planing with the ultrasonic scaler and hand instrumentation. The tips used for the scaling and
root planning were PS600TS and the setting for the Er:YAG laser treated sites were
standardized according to manufacturer’s settings (70mJ, 25 pulses per second, PPS).

Illustration 5: The PS600TS tip (http://www.morita.com)
The laser tip was inserted into the periodontal pocket and was moved repeatedly in an
apico-coronal direction without touching the root for 10 seconds.
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Participants were given a prescription of 0.12% chlorhexidine (Peridex) mouthwash to
use for 6 weeks and they were asked to fill out a log sheet. The log sheet indicated whether the
participant complied with using the mouthwash twice a day, one in the morning and once in
the evening by ticking a yes or no box. This is a preventative measure to control supragingival
plaque, and the efficacy of Chlorhexidine was not being evaluated in this study. The
participants were scheduled for a follow up in 6 weeks for taking the clinical measurements
and at 3 months to take clinical measurements and microbial samples. [81]
Microbial Sampling and Transport
Subgingival plaque specimens were obtained by the examiner before treatment from
two deepest pockets in each quadrant with BOP. The sites used for microbial sampling before
treatment were recorded in the participant’s folder. The same sites were tested at the 3 months
follow up visit.
After isolation with cotton rolls and removal of saliva and supra-gingival plaque, one
sterile, absorbent paper point, which was machine rolled made of absorbent paper (Johnson &
Johnson, East Windsor, NJ), was advanced into each of the selected periodontal sites for 10
seconds. [88]After removal, the two paper points per quadrant were pooled in a glass vial of
2.0 mL anaerobically prepared and stored viability medium Gothenburg anaerobic (VMGA)
III transport medium, which possesses a high preservation capability for oral microorganisms
during post sampling transit to the laboratory. [88]
The vials were labelled to which quadrant they belong to so that each report can be
coded according to the quadrant labelled. Subgingival samples were then transported within
24 hours to the OMTS Laboratory. The oral microbiology testing service laboratory (OMTS)
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order form indicated whether the sites samples were pre-treatment or post-treatment.
All laboratory procedures were performed by personnel who were aware of the clinical
status of the study participants and their inclusion in the present study.[88]
Microbial Culture, Incubation and Identification
Microbial analysis was done at the OMTS in Temple University Kornberg School of
Dentistry. Putative periodontal pathogens examined for in this study include Aggregatibacter
actinomycetemcomitans, Porphyromonas gingivalis, Tannerella forsythia, Prevotella
intermedia/nigrescens, Parvimonas micra, Fusobacterium nucleatum, Campylobacter rectus,
Streptococcus constellatus, Streptococcus intermedius, Staphylococcus aureus, Enterococcus
faecalis, Gram-negative enteric rods/pseudomonads, and Candida species.[88]
In order to liquefy the VGMA III transport medium, the specimen vials were heated to
35ºC.[88, 89] The sampled species were dispersed from the paper points using a vortex mixer
for 45 seconds. Möller’s viability medium Gothenburg I anaerobic dispersion solution,
comprised of pre-reduced, anaerobically sterilized 0.25% tryptose, 0.25% thiotone E peptone,
and 0.5% sodium chloride was used to create a 10-fold dilutions of the bacterial suspensions.
[88] Then, 0.1 mL dilution aliquots were spread with a sterile bent-glass rod onto non- selective
enriched Brucella blood agar (EBBA) primary isolation plates. [88]
The EBBA plates were used to determine the composition of predominant cultivable
microbial species.[89] The EBBA plates comprised of 4.3% Brucella agar supplemented with
0.3% bacto-agar, 5% defibrinated sheep blood, 0.2% hemolyzed sheep red blood cells,
0.0005% hemin, and 0.00005% menadione. [88, 89] EBBA plates were incubated at 35ºC for
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7 days in an anaerobic chamber containing 85% N2, 10% H2, and 5% CO2. [88]
Total anaerobic viable counts were made on EBBA primary isolation plates. Prevotella
intermedia/nigrescens represents clinical isolates of either Prevotella intermedia and/or
Prevotella nigrescens, due to the inability of the microbial identification methods used to
reliably differentiate between these two species. Aggregatibacter actinomycetemcomitans,
Gram-negative enteric rods, pseudomonads, and Candida species were quantitated on
selective trypticase soy-bacitracin-vancomycin (TSBV) agar plates. TSBV plates were
incubated at 35ºC for 3 days in air plus 5% CO2 .[88] The proportional recovery of each test
species was ascertained in each individual by calculating the percentage of test species colony
forming units relative to total subgingival anaerobic viable counts, as determined on nonselective EBBA primary isolation plates.[88]
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Table 6. Summary of Study Visits and Activities

Timing

Visit 1
Screening

Visit 2
Samples + SRP

Visit 3
Follow up

Visit 4
Follow up +
Samples

N/A

Week 0-4

Week 5-7

3 Months ± 1
week

Consent for study
participation
Demographics

X

Medical & dental
history
Inclusion/Exclusion
criteria
Oral Exam

X

X

X

X

X

X

X

X

Periodontal clinical
measurements
Intervention (SRP or
SRP+Er:YAG)
Microbial Samples

X

X

X

X

X

X
X (Before
intervention)
X

Adverse event
assessment
Gift cards
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X (Post
intervention)
X

X

X

X

Statistical Analysis
Descriptive statistics (means and standard deviations for continuous items, counts and
percentages of categorical items) were calculated.
Differences in probing depth reduction or attachment gain between laser treatment and
control groups were analyzed with a nested mixed effects linear regression model. Normality
of the data were assessed graphically. The gingival bleeding index was being calculated.
Statistical significance between the two groups’ gingival bleeding index was determined with
generalized estimating equation model. Differences in microbial load was investigated with
the Wilcoxon signed-rank test.

P-values less than 0.05 will be considered statistically

significant. The software Stata (version 13.1) was used in the statistical analysis.
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Results
Descriptive Data
Seventeen study volunteers were screened between March 2017 and November 2017
and 11 participants (6 males and 5 females) were enrolled in this prospective, randomized
single-blinded clinical trial. All 11 study participants enrolled have complied with all study
procedures and completed the study, including filling the mouthwash log.
The mean age of the study population was 48 ± 16 years. Table 7 shows the
demographic background of the study population.

Table 7. Demographics of the study population
Parameters
Age (mean ± SD)

48 ± 16

Gender n (%)
•

Male

6 (54.6%)

•

Female

5 (45.5%)

Race n (%)
•

Native Americans

3 (27.2%)

•

Asian

3 (27.2%)

•

Black/ African American

•

White/ Non- Hispanic

2 (18.18%)
3 (27.2%)

Total

11
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Full mouth PD, CAL and BOP at baseline, 6 weeks and 3 months
Table 8 summarizes the mean full mouth PD of the study population prior to
treatment at baseline as well as 6 weeks and 3 months after treatment.
Table 8. Mean full mouth probing depth (PD, mm) at baseline, 6 weeks and 3 months of
the study population
Time
Mean PD (mm)
Baseline

3.9 ± 1.6

6 weeks

3.4 ± 1.5

3 months

3.4 ±1.6

At baseline, the mean PD was 3.9 ± 1.6 mm. The full mouth PD changed to 3.4 ± 1.5
mm and 3.4 ±1.6 at 6 weeks and 3 months respectively.
Table 9 summarizes the mean full mouth CAL of the study population prior to
treatment at baseline as well as 6 weeks and 3 months after treatment. The mean baseline
measurement was 4.2 ± 1.8 mm and it decreased to 3.8 ± 2.1 at 6 weeks and 3 months.

Table 9. Mean full mouth clinical attachment levels (CAL, mm) at baseline, 6 weeks and 3
months of the study population
Time
Mean CAL (mm)
Baseline

4.2 ± 1.8

6 weeks

3.8 ± 2.1

3 months

3.8 ±2.1
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Table 10 summarizes the mean full mouth BOP percentage of the study population
prior treatment at baseline as well as 6 weeks and 3 months after treatment.

Table 10. Mean full mouth bleeding on probing (BOP, %) at baseline, 6 weeks and 3
months of the study population
Time
Mean BOP %
Baseline

53.2 ± 24.6 %

6 weeks

35.1 ± 30.9%

3 months

25.2 ±19.6 %

At baseline, the mean BOP was 53.2 ± 24.6 %. An overall decrease of the full mouth
BOP percentage was noticed at 6 weeks and 3 months with a mean percentage of 35.1 ±
30.9% and 25.2 ±19.6 %, respectively.
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PD, CAL and BOP analysis for quadrants that received SRP only or SRP+Er:YAG laser
at baseline, 6 weeks and 3 months
Table 11 summarizes the comparison between SRP group (control) and SRP +
Er:YAG laser group (test) in terms of mean PD. Eleven quadrants were evaluated in each
treatment assignment

Table 11. Mean PD comparison between SRP only (Control) and SRP + Er:YAG (Test) at
baseline, 6 weeks and 3 months.
Treatment
Baseline
6 weeks
3 months
(Mean±SD)

(Mean±SD)

(Mean±SD)

SRP only

4.0±1.6

3.5±1.5

3.5±1.5

SRP + Er:YAG

3.9±1.6

3.4±1.6

3.3±1.5

SD = Standard deviation
The SRP group had an initial mean PD of 4.0±1.6 mm which decreased to mean of
3.5±1.5 mm at the 6 weeks and 3 months follow up visits. The SRP + Er:YAG laser group
had an initial mean PD of 3.9±1.6 mm which was comparable to the SRP group.
Table 12. The mean change in probing depths (PD, mm) of all sites in SRP only (Control)
and SRP + Er:YAG (Test) groups between baseline,6 weeks and 3 months.
Time
Baseline to 6
weeks
Baseline to 3
months
6 weeks to 3
months

Group
SRP
SRP+Er:YAG
SRP
SRP+Er:YAG
SRP
SRP+Er:YAG

Mean
0.50
0.57
0.45
0.61
-0.06
0.04

SD
1.50
1.45
1.44
1.51
0.87
0.89

47

β

P value

0.35

0.78

0.14

0.26

0.1

0.22

Table 12 demonstrates that in the 6 weeks follow up visit, the mean PD decrease from
the baseline was not statistically significant between both treatment groups (P = 0.78). At the
3 months follow up visit, the change in PD was not statistically significant between control
and test groups (P=0.26). When comparing the differences in PD between 6 weeks and 3
months, the results show that the change was not statistically significant between both
treatment groups (P =0.22). Figure 1 is a bar chart that shows the mean PD in the control and
test groups at each time point.

Mean PD comparison between control
and test quadrants
6
5

PD (mm)

4
3
2
1
4

3.9

3.5

3.4

3.5

3.3

0
BASELINE

6 WEEKS
SRP only

3 MONTHS

SRP + Er:YAG

Figure 1: Probing depth (PD of all sites in a quadrant) in SRP only (Control) and SRP +
Er:YAG (Test) groups before treatment (baseline), at 6 weeks and at 3 months after treatment.
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Table 13 summarizes the comparison between the SRP group (control) and the SRP +
Er:YAG laser group (test) in terms of mean CAL. Eleven quadrants were evaluated in each
treatment assignment.
Table 13. Mean CAL comparison between SRP only (Control) and SRP + Er:YAG (Test)
at baseline, 6 weeks and 3 months.
Treatment
Baseline
6 weeks
3 months
(Mean±SD)

(Mean±SD)

(Mean±SD)

SRP only

4.1±1.7

3.8±2.1

4.0±2.1

SRP + Er:YAG
laser

4.1±1.8

3.6±2.0

3.6±1.9

SD = Standard deviation
The SRP group had an initial mean CAL of 4.1±1.7 mm which decreased to mean of
3.8±2.1mm and4.0±2.1mm at the 6 weeks and 3 months follow up visits respectively. The
SRP + Er:YAG laser group had an initial mean CAL of 4.1±1.8mm which was comparable to
the SRP group. In the 6 weeks follow up visit, the mean CAL decreased to 3.6±2.0 mm
which is a similar decrease to the SRP group. At the 3 months follow up visit, the mean CAL
for the test group was 3.6±1.9 mm.

Table 14. The mean change in CAL of all sites in SRP only (Control) and SRP + Er:YAG
(Test) groups between baseline, 6 weeks and 3 months.
Time
Group
Baseline to 6
SRP
weeks
SRP+Er:YAG
Baseline to 3
SRP
months
SRP+Er:YAG
6 weeks to 3
SRP
months
SRP+Er:YAG
*Correlation Coefficient

Mean
0.34
0.49
0.18
0.49
-0.16
-0.08

SD
2.01
1.78
1.92
1.83
0.97
0.96
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β*

P value

0.09

0.55

0.25

0.08

0.16

0.06

In table 14, when comparing the change in CAL between control and test groups from
baseline to 6 weeks (P = 0.55), baseline to 3 months (P =0.08), and 6 weeks to 3 months (P
=0.06), the change was not statistically significant. Figure 2 is a bar chart that shows the mean
CAL in the control and test groups at each time point

CAL comparison between control and
test quadrants
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Figure 2: Clinical attachment levels (CAL of all sites in a quadrant) in SRP only (Control) and
SRP + Er:YAG (Test) groups before treatment (baseline), at 6 weeks and at 3 months after
treatment.
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Table 15 summarizes the comparison between SRP group (control) and SRP +
Er:YAG laser group (test) in terms of mean BOP%. Eleven quadrants were evaluated in each
treatment assignment.
Table 15. BOP % comparison between SRP only (Control) and SRP + Er:YAG (Test) at
baseline, 6 weeks and 3 months.
Treatment
Number of
Baseline
6 weeks
3 months
participants

(Mean±SD)

(Mean±SD)

(Mean±SD)

SRP only

11

55.4±17.5 %

42.8±38.8%

20.2±7.5%

SRP + Er:YAG

11

51.4± 30.9%

28.7±24.4%

29.4±26.1%

0.16

0.09

0.29

laser
P value
SD = Standard deviation

The SRP group had an initial mean BOP% of 55.44±17.5 % which decreased to mean
of 42.8±38.8% and 20.2±7.5% at the 6 weeks and 3 months follow up visits respectively. The
SRP + Er:YAG laser group had an initial mean BOP of 51.4± 30.9% which was comparable
to the SRP group (P =0.16). In the 6 weeks follow up visit, the mean BOP decreased to
28.7±24.4% which is more noticeable decrease compared to the SRP group but that decrease
was not statistically significant (P=0.09). At the 3 months follow up visit, the mean BOP was
29.4±26.08%. The difference between both treatment groups at 3 months was not statistically
significant (P =0.29). Figure 3 is a bar chart that shows the mean BOP% in the test and control
groups at each time point.
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Figure 3: Bleeding on probing (BOP, % of all sites in a quadrant) in SRP only (Control) and
SRP + Er:YAG (Test) groups before treatment (baseline), at 6 weeks and at 3 months after
treatment.
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Subset analysis on sites with baseline probing depth ≥ 5mm
A subset of pockets with initial PD of 5 mm or more were separately analyzed in both
groups as these were the sites that have received Er:YAG laser treatment in the test group
(Table 16)
Table 16. Mean probing depths (PD, mm) of sites with baseline probing depth of ≥ 5 mm in
SRP only (Control) and SRP + Er:YAG (Test) groups at baseline, 6 weeks and 3 months for
each study participant.
Time
Baseline
6 Weeks
3 Months
Participant
SRP Only
SRP +
SRP Only
SRP +
SRP Only
SRP +
(Mean ± SD)
Er:YAG
(Mean ±
Er:YAG
(Mean ±
Er:YAG
laser
SD)
laser
SD)
laser
(Mean ±
(Mean ±
(Mean ±
SD)
SD)
SD)
1
5.0±0.0
5.5±0.5
2.3±0.6
2.3±0.5
3.0±0.0
2.8±0.4
2
3
4
5
6
7
8
9

5.5±0.5

5.1±0.4

4.5±1.4

4.0±1.4

4.0±1.1

4.0±1.0

5.0±0.0

7.7±2.7

2.0±0.0

4.7±2.4

2.0±0.0

4.1±2.0

6.4±1.8

5.5±0.7

5.0±2.0

4.1±1.1

4.6±1.5

4.0±0.9

5.6±0.5

6.2±0.9

3.0±0.6

3.7±0.9

3.1±0.4

3.5±1.0

5.3±0.5

6.0±0.9

3.3±1.5

4.3±1.6

3.3±1.5

4.7±1.8

6.3±1.6

5.3±0.6

4.0±1.3

3.6±1.1

5.3±1.6

4.0±1.7

5.5±1.2

5.7±1.0

6.4±2.2

6.2±3.2

6.4±2.2

6.2±3.2

5.8±0.9

5.5±0.9

4.2±0.8

4.6±1.2

4.7±1.2

5.1±0.9

6.00±1.00

5.8±0.44

2.6±0.5

3.4±0.5

4.0±1.0

3.8±1.0

6.2±0.8

6.8±1.5

5.1±1.5

6.6±1.8

5.4±1.2

5.3±1.4

5.9±1.1

6.0±1.4

4.5±1.7

4.6±2.0

4.7±1.6

4.6±1.8

10

11
Mean

SD= Standard deviation
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Table 17: The mean change in probing depths (PD, mm) of sites with baseline probing depth
of ≥ 5 mm in SRP only (Control) and SRP + Er:YAG (Test) groups between baseline,6 weeks
and 3 months.
Time
Group
Mean
SD
β
P value
Baseline to 6
SRP
1.42
1.78
-0.27
0.27
weeks
SRP+Er:YAG
1.36
1.94
Baseline to 3
SRP
1.15
1.71
0.07
0.78
months
SRP+Er:YAG
1.45
2.06
6 weeks to 3
SRP
-0.26 *
1.20
0.31
0.11
months
SRP+Er:YAG
0.09
1.33
*Negative value indicates an increase
In this subset, the SRP group had a mean initial PD of 5.9±1.1 mm that decreased to
4.5±1.7mm at the 6 weeks follow up visit. At the 3 months follow up visit in the SRP group,
the mean PD was 4.7±1.6 mm. The SRP+ Er:YAG laser sites presented with a mean initial PD
of 6.0±1.4 mm that decreased to 4.6±2.0 mm and 4.6±1.8 at the 6 weeks and 3 months follow
up respectively. The results in table 17 show that the differences between both groups in terms
of mean PD was not significant at 6 weeks (P=0.27). The control group had a smaller mean
change from baseline than the test group but again the difference was not statistically
significant. The change in probing depth from baseline to 3 months follow up was not
statistically significant between treatment groups (P =0.78). The test group had a larger mean
change from baseline than the control group but the difference was not statistically significant.
When we evaluated the change from 6 weeks to 3 months, there was no statistically significant
difference between treatment groups (P =0.11). Figure 4 shows the mean PD in pockets that
were 5mm or deeper at the initial visit at baseline, 6 weeks and 3 months follow up.
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Mean PD comparison of site with ≥ 5
mm PD at baseline
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Figure4: Comparison of PD mean of sites with baseline pocket depth of ≥ 5 mm between SRP
+ Er:YAG laser (Test) with SRP only (Control) at baseline, 6 weeks and 3 months.
Clinical attachment levels (CAL) are summarized in Table 18. The SRP group had a
mean initial CAL of 6.2±1.3 mm that decreased to 4.9±2.5mm at the 6 weeks follow up visit.
At the 3 months follow up visit in the SRP group, the mean CAL was 5.3±2.3mm. The SRP +
Er:YAG laser sites presented with a mean initial CAL of 6.3±1.5mm that changed to 5.0±2.4
mm and 5.0±2.2mm at the 6 weeks and 3 months follow up respectively. When we look at
table 19, we can conclude that the change in the CAL from baseline to 6 weeks (P=0.49) and
baseline to 3 months (P =0.59) was not statistically significant in either treatment groups.
However, the change in attachment levels from 6 weeks to 3 months was statistically
significant between both treatment groups (P =0.04). Figure 5 shows the differences in mean
CAL between both groups at baseline, 6 weeks and 3 months follow up.
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Table 18. Comparison of CAL mean of sites with baseline pocket depth of ≥ 5 mm between
SRP + Er:YAG (Test) with SRP only (Control) at baseline, 6 weeks and 3 months for each
study participant.
Time
Baseline
6 Weeks
3 Months
Participant

1
2
3
4
5
6
7
8
9
10
11
Mean

SRP Only
(Mean ± SD)

SRP +
Er:YAG
laser
(Mean ±
SD)

SRP Only
(Mean ±
SD)

SRP +
Er:YAG
laser
(Mean ±
SD)

SRP Only
(Mean ±
SD)

SRP +
Er:YAG
laser
(Mean ±
SD)

5.0±0.0

5.5±0.5

2.3±0.5

2.3±0.5

3.0±0.0

2.8±0.4

6.1±1.2

5.4±0.7

5.3±0.2

4.0±1.4

4.7±1.7

4.0±1.0

5.0±0.0

7.8±2.5

2.0±0.0

5.2±2.4

2.0±0.0

4.7±2.1

6.6±2.0

5.5±0.7

4.4±3.4

3.5±1.5

5.0±2.6

4.0±0.9

6.8±0.7

5.7±0.9

4.5±1.7

5.0±1.4

4.6±1.5

4.7±1.2

5.3±0.5

6.1±0.8

3.3±1.5

4.6±1.3

3.3±1.5

4.9±1.8

6.3±1.6

5.3±0.5

4.0±1.3

3.6±1.1

5.3±1.6

4.0±1.7

6.1±1.8

7.2±1.9

9.5±2.2

9.1±3.4

9.9±2.3

9.1±3.4

5.8±0.9

5.5±0.9

4.3±0.9

4.7±1.1

4.7±1.2

5.2±1.0

6.4±1.1

6.4±0.8

2.6±0.5

3.4±0.5

4.0±1.0

3.8±1.0

6.6±0.9

7.4±1.6

5.1±1.5

6.6±1.8

5.4±1.2

5.3±1.4

6.2±1.3

6.3±1.5

4.9±2.5

5.0±2.4

5.3±2.3

5.0±2.2

SD= Standard deviation
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Table 19: The mean change in clinical attachment levels (CAL, mm) of sites with baseline
probing depth of ≥ 5 mm in SRP only (Control) and SRP + Er:YAG (Test) groups between
baseline,6 weeks and 3 months.
Time
Group
Mean
SD
β
P value
Baseline to 6
SRP
1.26
2.48
-0.22
0.49
weeks
SRP+Er:YAG
1.28
2.27
Baseline to 3
SRP
0.85
2.37
0.17
0.59
months
SRP+Er:YAG
1.33
2.39
6 weeks to 3
SRP
-0.41
1.26
0.42
0.04*
months
SRP+Er:YAG
0.04
1.38

Mean CAL comparison of site with ≥ 5
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Figure 5: Comparison of CAL mean of sites with baseline pocket depth of ≥ 5 mm between
SRP + Er:YAG laser (Test) with SRP only (Control) at baseline, 6 weeks and 3 months.

Table 20 summarizes the comparison in the mean BOP% between sites with initial PD of 5
mm or more that received SRP + Er:YAG laser group (test) compared to SRP group (control).
The SRP group had an initial mean BOP of 92.71% which decreased to mean of 64.58% and
61.46%% at the 6 weeks and 3 months follow up visits respectively.
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Table 20. Comparison of BOP% mean of sites with baseline pocket depth of ≥ 5 mm between
SRP + Er:YAG laser (Test) with SRP only (Control) at baseline, 6 weeks and 3 months for
each study participant.
Time
Baseline
6 Weeks
3 Months
Participant

SRP Only

SRP +
Er:YAG
laser

SRP Only

SRP +
Er:YAG
laser

SRP Only

SRP +
Er:YAG
laser

1

100%

83.3%

33.3%

0%

0%

16.7%

2

100%

100%

77.7%

85.7%

100%

100%

3

100%

62.5%

0%

50%

0%

0%

4

90.9%

100%

81.8%

50%

45.5%

0%

5

83.3%

50%

66.7%

75%

50%

25%

6

100%

61.5%

0%

46.2%

0%

53.9%

7

100%

100%

50%

33.3%

75%

33.3%

8

63.6%

33.3%

100%

77.8%

90.9%

11.1%

9

100%

100%

100%

100%

80.9%

72.7%

10

80%

100%

40%

0%

40%

60%

11

100%

100%

16.7%

66.7%

38.9%

66.7%

Mean

92.7%

80.9%

64.6%

58.4%

61.5%

43.8%
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Table 21. The mean bleeding on probing (BOP, %) of sites with baseline probing depth of ≥
5 mm in SRP only (Control) and SRP + Er:YAG (Test) groups between baseline,6 weeks and
3 months.
Group
BOP (%)
P value
Baseline
SRP
92.71
0.08
SRP+Er:YAG
80.90
6 weeks follow-up
SRP
64.58
0.67
SRP+Er:YAG
58.43
3 months follow-up SRP
61.46
0.10
SRP+Er:YAG
43.82

The SRP +Er:YAG laser group had an initial mean BOP of 80.9%. In the 6 weeks
follow up visit, the mean BOP decreased to 58.43% and to 43.82% at the 3 months follow up
visit. The difference between the control and test groups is not statistically significant at
baseline (P=0.08), 6 weeks (P =0.67) and 3 months (P =0.10) as summarized in table 21. Figure
6 is a bar chart that shows the differences in mean BOP% between the test and control groups
in sites with initial PD of 5 mm or more as described previously.
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Figure 6: Comparison of BOP% mean of sites with baseline pocket depth of ≥ 5 mm between
SRP + Er:YAG (Test) with SRP only (Control) at baseline, 6 weeks and 3 months.
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Table 22. Comparison between the mean percentage in the cultivable microflora between baseline and 3 months for the SRP and
SRP+Er:YAG groups.

Table 22 summarizes the mean percentages of the cultivable microflora between the
baseline and 3 months follow up visit along with the frequency of detection of both control
and test groups. A. actinomycetemcomitans, Enteric gram negative rods, Enterococcus
faecalis, Staphylococcus aureus and Candida species were not detected at baseline and at the
3 months follow up visit in either the test and control groups in all participants. Porphyromonas
gingivalis was detected in one participant only. When comparing Porphyromonas gingivalis,
Tannerella forsythia, Prevotella intermedia, Fusobacterium nucleatum and Parvimonas
micra, there was an overall reduction in the percentage of cultivable microflora between
baseline and 3 months in both SRP and SRP+Er:YAG laser groups. There was a slight increase
in Campylobacter rectus and Streptococcus constellatus in the SRP group and in Streptococcus
intermedius in the SRP+Er:YAG laser group from baseline to 3 months follow up in one
participant only.
Table 23 summarizes the comparison in the differences in the mean percentage of the
cultivable microflora between the baseline and 3 months follow up visit. A.
actinomycetemcomitans, Enteric gram-negative rods, Enterococcus faecalis, Staphylococcus
aureus and Candida species were not detected at baseline and at the 3 months follow up visit
in either the test and control groups. When comparing Porphyromonas gingivalis, Tannerella
forsythia, Prevotella intermedia, Fusobacterium nucleatum and Parvimonas micra, there was
an overall reduction in the percentage of cultivable microflora between baseline and 3
months in both SRP and SRP+Er:YAG laser groups.
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Table 23. Comparison between the difference in the mean of the cultivable microflora
between baseline and 3 months for the SRP and SRP+Er:YAG groups.
Bacteria/Time
SRP*
SRP + Er:YAG *
P value
(mean± SD)

(mean± SD)

(Median/IQR)

(Median/IQR)

Not detected

Not detected

-

Porphyromonas gingivalis (Pg)

0.2±0.8
0/0

0.2±0.9
0/0

0.32

Tannerella forsythia (Tf)

2.4±9.6
0 / 2.1

0.6±2.6
0 / 0.7

0.42

Prevotella intermedia (Pi)

0.7±6.4
2 / 5.4

4.7±7.9
2 / 10

0.33

Fusobacterium nucleatum (Fn)

3.8±8.2
4.2 / 6.5
0.3±8.4
-0.9 / 11.7
-0.009±0.03**
0/0
-0.66±2.2**
0/0
0.3±0.9
0/0

3.9±9.8
3/9
2.4±6.3
0.1 / 8.3
0.00±0.00
0/0
0.00±0.00
0/0
-1.8±6.03**
0/0

0.32

Enteric gram negative rods

Not detected

Not detected

-

Enterococcus faecalis (Ef)

Not detected

Not detected

-

Staphylococcus aureus

Not detected

Not detected

-

Candida species

Not detected

Not detected

-

A. actinomycetemcomitans(Aa)

Parvimonas micra (Pm)
Campylobacter rectus (Cr)
Streptococcus constellatus (Sc)
Streptococcus intermedius (Si)

SD= Standard deviation
IQR: Inter-quartile range
*Difference between baseline and 3 months data from 11 participants
**Negative value indicates an increase from baseline to 3 months
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0.53
0.32
0.32
0.16

Since the data is not normally distributed, the Wilcoxon signed-rank test was used and
It appeared that there was no statistically significant difference in the change of the previously
mentioned bacteria between baseline and 3 months follow up (P > 0.05). Moreover, there was
a slight increase in Campylobacter rectus and Streptococcus constellatus in the SRP group and
in Streptococcus intermedius in the SRP+Er:YAG laser group from baseline to 3 months
follow up but there was no statistically significant difference in the change when test and
control were compared from baseline to 3 months follow up visit (P > 0.05).
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Discussion

Current evidence in the literature is controversial when evaluating the efficacy of
Er:YAG laser as part of phase I periodontal therapy. The present prospective randomized
single-blinded clinical trial was designed to better understand the clinical efficacy of Er:YAG
laser therapy as an adjunct to scaling and root planing and microbial recolonization patterns in
patients diagnosed with chronic moderate to severe chronic periodontitis.
It is well documented in the literature that SRP results in reduction of tissue
inflammation and smoother root surfaces.[50, 58] In this study, there was a decrease in PD
from baseline measurements to 3 months. This finding was noticed when the measurement of
CAL was evaluated in this study as well.
In addition, there was a decrease in the bleeding on probing measurement upon
evaluation at 6 weeks and 3 months. Bleeding on probing can serve as an indicator for
inflammation and therefore site stability. [90, 91] When evaluating the efficacy of scaling and
root planing by measuring the bleeding on probing, studies showed that there was a decrease
in the gingival inflammation and bleeding on probing following phase I periodontal therapy
which is consistent with our findings. [92] [93] Kaldahl et al. evaluated the efficacy of four
therapeutic modalities; coronal scaling, scaling and root planing, modified Widman surgery
and osseous respective surgery in a split mouth design. He concluded that all treatment
modalities resulted in decrease in the percentage of bleeding on probing. [92] Cercek et al
evaluated the efficacy of supra and sub gingival instrumentation by measuring bleeding scores
and pocket depths in patients diagnosed with generalized chronic periodontitis. They
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concluded that after instrumentation, there was more pronounced improvement in bleeding
scores, probing depths and clinical attachment levels. [93]
In this study, there was an overall decrease of the subgingival microbial load at 3
months compared to baseline but that decrease was not significant which is consistent with the
findings in the literature suggesting that the total number of the subgingival microbiota was
reduced after therapy but gram-negative species return to their baseline 3 - 6 months post
therapy. [82, 84]
When comparing the efficacy of Er:YAG laser as an adjunct to scaling and root planing
in our study, there was a decrease in PD and gain in clinical attachment at the follow up visits
but no statistically significant differences were found in terms of reduction of PD and gain in
clinical attachment following treatment with scaling and root planing alone or scaling and root
planing + Er:YAG laser groups after 6 weeks and 3 months. This finding is consistent with
several clinical trials that evaluated the use of Er:YAG laser therapy and its effects in reduction
of PD and gain in CAL. Numerous studies found that there was no significant difference
between scaling and root planing and scaling and root planing with Er:YAG laser in terms of
PD reduction at 3, 6 or 12 months. [80, 85, 86, 94-96] However, one study which compared
ultrasonic debridement alone with ultrasonic debridement plus adjunct use of Er:YAG laser
found there was a significant reduction in PD in sites with initial PD of 4.5mm or more after
Er:YAG laser treatment. There was a significantly lower percentage of sites with the same
initial PD at 12 months.[85] Nevertheless, in that study, they did not use hand instrumentation
and the Er:YAG laser treatment was performed one week after completion of the ultrasonic
debridement. [85] In our present study, the laser was used at the same visit as the scaling and
root planing using ultrasonic scalers and hand instruments. Also, the laser machine and settings
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were different; they had the laser device (Kavo Key Laser III, Germany) set on a power pf 160
mJ and frequency of 10 Hz which was higher than the settings used in our study (70 mJ, 25
pps) which were determined according to the manufacturing company’s recommendation
(Morita; AdvErL Evo Er:YAG Laser for Dentistry- Model: MEY-1-A).
Schwarz et al[74] also reported superior outcomes with Er:YAG laser radiation
compared to scaling and root planing in randomized controlled split mouth clinical trial. They
compared periodontal pockets of 110 single and multi-rooted teeth that had moderate to severe
chronic periodontitis treated under local anesthetic with either scaling and root planing with
hand instruments or Er:YAG laser as monotherapy. The laser treatment was performed using
chisel type contact tips (160 mJ/pulse, KEY II, KaVo, Germany) with water irrigation. Their
results showed better PD and BOP reduction and improvement in CAL at 6 months when the
laser was used as monotherapy. [74] When the same group compared the efficacy of scaling
and root planing + Er:YAG laser to Er:YAG laser alone using the same laser settings as
previously mentioned, their results showed that there was no additional improvement in
clinical outcomes between the two treatments. [75] In our study, the laser was used as an
adjunct to scaling and root planing and was compared to scaling and root planing alone. The
laser settings (70 mJ, 25 pps) were different than the settings used in the previously mentioned
studies which might have resulted in the differences in outcomes.
When comparing BOP between the test and control groups, there was a decrease
between percentages of bleeding sites at 6 weeks or 3 months in the Er:YAG laser group,
although the difference between test and control was not statistically significant. Other studies
that evaluated BOP as one of their parameters concluded that post-treatment percentages of
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BOP sites between controls and scaling and root planing +ER:YAG laser were not clinically
significant at 3,6 and 12 months. [85, 86, 95]
The post treatment reductions from baseline to 3 months in the subgingival microflora
were not statistically significantly different between the control and test groups. The literature
is inconsistent when microbial outcomes were measured. Some studies have showed that there
was no significant difference in terms of microbial outcomes between the scaling and root
planing group and scaling and root planing + Er:YAG laser group.[80, 96] Yet, one study
showed that there was a significantly greater reduction in A. actinomycetemcomitans,
Porphyromonas gingivalis, Prevotella nigrescens and Tannerella forsythia at 6 months and 12
months in the SRP+Er:YAG laser group. [86] In that study, they had 19 patients with pockets
from 5 to 9 mm in single and multi-rooted teeth. The laser settings used were 100 mJ/pulse
(KEY II, KaVo, Germany) for 30 seconds on each site. They enrolled their patients in 15-30
day program to control supra-gingival plaque 6 months before the treatment. The previously
mentioned factors may have enhanced the reduction in the subgingival microflora at 6 and 12
months. [86]
Contradictory data in the literature may be due to various reasons including the
different methods used for bacterial sampling and detection, the efficacy of removing the
supragingival plaque, the time that samples were analyzed after they were obtained, the uneven
root surface topography and the thickness of the subgingival biofilm. Furthermore,
simultaneous use of the ultrasonic scaler might have masked the effect of the laser therapy due
to its efficacy in removing bacterial endotoxins and bacterial lipopolysaccharides.
It appears that both the laser type and settings have a strong influence on the outcomes
achieved by different studies. When comparing different types of lasers used in periodontal
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therapy. It is known that CO laser has a strong hemostatic effects, but is not considered
2

appropriate for calculus removal and root surface debridement due to its thermal side effects.
[63]Also, in vitro and in vivo studies have shown that Nd:YAG laser is not efficient in root
surface debridement and calculus removal. [63] It can cause root surface alteration induced by
heat generation during its use but it produces coagulation which makes it strong in terms of
hemostasis. When diode lasers were tested in terms of their efficacy in calculus removal,
studies have concluded that they were not suitable and caused root surface alterations.[63]
Diode lasers are mainly appropriate for soft tissue surgery as they have good cutting and
coagulation properties. Further studies are needed to establish appropriate irradiation
conditions such as settings and the use of water coolant for periodontal nonsurgical therapy
with the diode laser as monotherapy or as an adjunct to SRP.[63, 97]
In the present study, no adverse outcomes were reported by the participants. It is a
strength of this present study that the examiner was calibrated and blinded from treatments
performed. This eliminates intra-examiner and inter-examiner bias when assessing and
comparing clinical and microbial outcomes. Moreover, the setting of the laser machine was
standardized for all study participants according to the manufacturer’s recommendations.
This study does have several limitations. The duration of the current study was based
on previous studies that evaluated the microbial recolonization following scaling and root
planing. These studies suggested that a minimum period of 3 months is required for the
microbial load to return to its pre-treatment baseline. [82] It cannot be excluded that there is
differential timing of recolonization when laser treatment is added as an adjunct to scaling and
root planing. [81,83] Also, pooling the two microbial samples obtained per quadrant in one
vial might have influenced the microbial outcomes. Using bacterial cultures only enables us to
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detect live bacteria. Utilizing more sensitive approaches in the microbial analysis may have
enabled us to detect more cultivable microflora compared to the method used in this study.
Heterogeneity in the duration of studies renders the evaluation of treatment results and
comparison between different studies difficult. It cannot be excluded that the split mouth
design might have resulted in a “cross-over” effect between the test and control quadrants that
influenced the clinical and microbial results. Increasing the sample size might have permitted
us to detect treatment effects that did not reach statistical significance with the present sample.
Also, longer follow up periods could have added more to our knowledge on the efficacy of
laser therapy as an adjunct to scaling and root planing.
It is important to notice that laser treatment in the present study was only used to sites
with probing depths of 5mm or greater. Our analysis was applied to aggregates of all sites and
subsequently to sites with initial probing depths of 5mm or greater only. Strictly speaking, the
direct effect of adjunctive laser treatment would be limited to those moderate to severe
periodontal disease sites. Effects across all sites would be due to spill-over effects.
Although patient-centered outcomes were not measured in this study, some participants
attending the first follow up at 6 weeks reported that post treatment sensitivity had been less
on the laser treated side. Likewise, bleeding during instrumentation appeared to be less on the
laser treated sites, suggestive of Er:YAG laser’s hemostatic properties. [63]
Thus, for future considerations, an evaluation of the post-treatment experience by the
participants would add value to the results.
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Conclusion

Scaling and root planing with or without Er:YAG laser treatment reduced periodontal
inflammation as measured by probing depth reduction, gain in clinical attachment and
decreased bleeding on probing.

Within the limitations of this study, the use of Er:YAG laser as an adjunctive therapy to
scaling and root planing in patients diagnosed with moderate to severe chronic periodontitis
did not provide clinical and microbial benefit over scaling and root planing alone.
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Illustration 3: different classifications of lasers according to their penetration depth (Deep
and shallow) [62]

Illustration 4: Different energy levels have different effect on root surface.
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Illustration 5: The PS600TS tip (http://www.morita.com)

Illustration 6: microbial complexes in subgingival plaque
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