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Abstract The effects of blue light at 455 nm were investigat-
ed on the bacterial composition of human dental plaque
in vivo. Eleven subjects who refrained from brushing for
3 days before and during phototherapy participated in the
study. Light with a power density of 70 mW/cm2 was applied
to the buccal surfaces of premolar and molar teeth on one side
of the mouth twice daily for 2 min over a period of 4 days.
Dental plaque was harvested at baseline and again at the end
of 4 days from eight posterior teeth on both the exposed side
and unexposed sides of the mouth. Microbiological changes
were monitored by checkerboard DNA probe analysis of 40
periodontal bacteria. The proportions of black-pigmented spe-
cies Porphyromonas gingivalis and Prevotella intermedia
were significantly reduced on the exposed side from their
original proportions by 25 and 56 %, respectively, while no
change was observed to the unexposed side. Five other

species showed the greatest proportional reduction of the
light-exposed side relative to the unexposed side. These spe-
cies were Streptococcus intermedius , Fusobacterium
nucleatum ss. vincentii , Fusobacterium nucleatum ss.
polymorphum , Fusobacterium periodonticum , and
Capnocytophaga sputigena . At the same time, the percentage
of gingival areas scored as being red decreased on the side
exposed to light from 48 to 42 %, whereas the percentage
scored as red increased on the unexposed side from 53 to
56 %. No adverse effects were found or reported in this study.
The present study proposes a new method to modify the
ecosystem in dental plaque by phototherapy and introduces
a new avenue of prophylactic treatment for periodontal
diseases.
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Introduction

The biofilm-associated inflammatory diseases, collectively
known as periodontal diseases, represent a major proportion
of oral diseases. Gingivitis occurs in 90 % of adults [1],
whereas periodontitis affects 34% of the American population
aged >30 years. Periodontitis is severe (>4 mm attachment
loss) in 13 % of adults [2]. Periodontitis is also suggested as a
risk factor for coronary heart disease [3], atherosclerosis [4],
preterm births [5], and chronic kidney disease [6]. The prima-
ry microbial factor contributing to disease is a shift from
beneficial to pathogenic bacteria within the dental plaque,
and the primary immunological factor is the destructive host
inflammatory response [7]. The current evidence suggests that
the goal of treatment is restoration of the homeostasis between
the host and the polymicrobial plaque rather than pathogen
elimination [8]. Mechanical removal of periodontal biofilms
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(brushing, root planing, and scaling) is the method of
treatment that can be augmented by antibiotic [9] and
anti-inflammatory adjunctive therapies [10]. However,
there are significant limitations including antibiotic re-
sistance concerns and poor efficacy against biofilm in-
fections. In addition, total elimination of dental plaque
may be neither desirable nor possible [11]. Therefore,
plaque control techniques that selectively suppress or
restrict the growth and metabolism of pathogenic com-
ponents of the biofilm consortium may be more effec-
tive for the long-term control of oral biofilms [12].

The role of photodynamic therapy (the synergism of a
photosensitizing agent and visible light) has been suggested
as an alternative to chemical antimicrobial agents to eliminate
subgingival species and treat periodontitis [13]. Several clin-
ical studies have been carried out to investigate the effects of
photodynamic therapy in human periodontitis [14]. Single
sessions of photodynamic therapy as an independent treat-
ment or as an adjunct to scaling and root planing did not show
any beneficial effects over scaling and root planing alone
[15–17]. A recent meta-analysis on the effect of photodynam-
ic therapy for periodontitis supports these findings [18]. How-
ever, application of a photosensitizer may not be required
since photosensitizers occur naturally within some microbial
species. This is particularly true of the oral black-pigmented
species such as Porphyromonas gingivalis and Prevotella
species (P. intermedia , P. nigrescens , P. melaninogenica ,)
that produce and accumulate endogenous porphyrins [19].
We have previously shown that these porphyrins can be
activated by visible light in the blue region of the electromag-
netic spectrum, thus leading to reduction of the growth of P.
gingivalis , P. intermedia , P. nigrescens , and P.
melaninogenica in dental plaque samples obtained from hu-
man subjects with chronic periodontitis [20]. P. gingivalis and
P. intermedia are associated with the development of peri-
odontitis [21, 22] and were detected in atheroma plaques
[23–25]; their presence in subgingival plaque samples
was positively associated with elevated blood levels of
C-reactive protein [26]. The selective phototargeting of
these microorganisms as well as of other potentially
pathogenic photosensitive species may reduce their load
in plaque, hereby restoring a microbiota associated with
oral health.

The hypothesis of the present clinical study was that
the cumulative effect of intraoral short-term exposures
to blue light using a functional prototype would be able
to target and suppress black-pigmented bacteria and
possibly other potentially pathogenic species within the
natural dental plaque. Suppression of key pathogens by
phototherapy may lead to controlling microbial growth
and community composition within the dental plaque
environment and introduce a new approach for control-
ling periodontal diseases.

Materials and methods

Subjects and plaque samples

Eleven human subjects (six males and five females) were
enrolled in the study with an average age of 36 years (range
21–65). The ethnic characteristics were principally Caucasian
(eight individuals) and Asian (three individuals). Only one
subject smoked. Permission for the phototherapy studies and
the collection of dental plaque samples was authorized by
Institutional Review Board-approved informant consent. Prior
to entry, the requirements and objectives of the study were
explained to each subject, and an informed consent was
signed. None of the subjects had used antibiotics or had
undergone periodontal treatment during the 3 months prior
to the study. Subjects refrained from brushing for 3 days
before and 4 days during phototherapy.

Light device

The light device (Fig. 1a) was designed to permit high-flux
illumination of the buccal surfaces of maxillary and mandib-
ular teeth (premolars and molars). It utilizes twin (mirror
image) light pipes that conduct light from a handpiece to the
target surface and are bifurcated on either side of a central
bitewing, which aids in the positioning of the device. The
terminal ends of the light pipes include a series of reflecting
facets which, although they produce significant internal re-
flective losses, redirect the main means laterally and thus
project onto the target surfaces. The light source comprises
three Luxeon III light-emitting diode (LED) emitters with
collimating optics and a massive aluminum heat sink. The
LEDs are positioned so that each light pipe receives the light
from one LED and share the output from the third. The LEDs
are driven with a constant-current power source, which was
calibrated to permit control of the luminous output of the
device. Calibration was performed with a precision aperture
and in integrating luminous power meter. The light pipes were
machined and polished from optical-grade acrylic. The heat
sink and LED mountings were likewise machined of alumi-
num. The spectral range of the light source was 415 to 495 nm
with a strong peak occurring at 455 nm (Fig. 1b). The light
source emitted light with a power density of 70 mW/cm2 and
was capable of irradiating premolar and molar teeth as well as
free gingiva (Fig. 1c) from the buccal side (Fig. 1d).

Phototherapy

The application of light was randomly assigned to the left or
right for each subject. To maintain cleanliness between subject
applications, the intraoral part of the device was covered with
a disposable polyethylene film, which produced negligible
attenuation of the light, and placed with a bite tab for occlusal
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positioning along the lateral aspect of the area to be exposed.
The device was timed to turn off in 2 min. Teeth were
irradiated twice daily for 2 min over a period of 4 days
(Tuesday, Wednesday, Thursday, Friday). Hence, each indi-
vidual was exposed on the same randomly selected side eight
times for a total exposure of 16 min for each subject. The
energy fluence of blue light delivered during each exposure
was 8.4 J/cm2.

Clinical evaluation

At each visit, safety was evaluated by both professional oral
examination and a subject questionnaire. All subjects were
assessed clinically at baseline and following phototherapy.
Clinical measurements were recorded on the maxillary and
mandibular premolars and molars on the side exposed to light
(exposed) and the contralateral unexposed side (unexposed).
Gingival erythema was evaluated at baseline with an index of
0 to 3, indicating none, mild, moderate, and marked redness,
respectively. Probing depth (PD) was determined with a
UNC-12 at six sites per tooth rounded to the next lower whole
millimeter. Bleeding on probing (BOP) was assessed after
probing. A dichotomous scoring system was used at six sites
per tooth using one (1) and zero (0) for presence or absence,
respectively. Plaque index (PI) [27] was recorded by sweeping

the periodontal probe along the buccal and lingual surfaces,
and plaque was noted. The tooth surface was air dried and not
disclosed. PI scores were recorded as follows: 0=no plaque,
1=film at gingival margin, 2=moderate (easily visible), and
3=abundance of material.

Dental plaque samples

Plaque samples were taken at baseline and again at the end of
the study period. Bacterial sampling was by harvesting the
entire bacterial plaque mass across the buccal surface of each
tooth (supragingival and subgingival mesiobuccal aspects)
using individual sterile Gracey curettes. Teeth sampled were
the maxillary and mandibular premolars and molars on the
side exposed to light (exposed) and the contralateral unex-
posed side (unexposed). After their removal, all the samples
from the test site as well as from the control site were placed
immediately into two separate vials containing 4.5 ml of pre-
reduced, anaerobically sterilized (PRAS) Ringer's solution
(Anaerobe Systems, Morgan Hill, CA, USA). The microor-
ganisms from the plaque samples were dispersed in PRAS
Ringer's solution by sonication and repeated passage through
Pasteur pipettes. Aliquots of the dispersed bacteria were trans-
ferred to 1-ml cuvettes, and the optical density of the bacterial
suspensions was measured in a spectrophotometer in 1-ml
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Fig. 1 A prototype light source capable of irradiating the posterior portion of half of the mouth (a) and its emission spectrum (b). The intended area of
light exposure (c) by directing light from the buccal side (d)
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cuvettes (one optical density unit was considered at approxi-
mately 109 cells/ml at 600 nm). Bacterial suspensions
underwent serial dilutions in brain-heart infusion broth, and
100-μl aliquots were plated on blood agar plates for anaerobic
incubation (80 % N2, 10 % H2, and 10 % CO2) at 35 °C for
7 days.

Microbial analysis

The microbial composition of the samples obtained at baseline
and following phototherapy was assayed using whole geno-
mic probe assay as described previously [28]. Briefly, Tris-
EDTA buffer (1.5 ml) was added to the plates, and the bacte-
rial colonies were scraped off the surface with sterile L-shaped
glass rods. The suspensions were placed into individual
Eppendorf tubes and sonicated for 10 s to break up clumps.
The optical density (OD) of each suspension was adjusted to a
final OD of 1.0, which corresponded to approximately 109

cells. Ten microliters of the suspension (107 cells) were re-
moved and placed in another Eppendorf tube with 140 μl of
TE buffer and 150 μl of 0.5 M NaOH. The samples were
lysed, and the DNA was placed in lanes on a positively
charged nylon membrane using a Minislot device
(Immunetics, Cambridge, MA, USA). After fixation of the
DNA to the membrane, the membrane was placed in
Miniblotter 45 (Immunetics) with the lanes of DNA perpen-
dicular to the lanes of the device. Digoxigenin-labeled whole
genomic DNA probes to 40 bacteria species [20] were hy-
bridized in individual lanes of the Miniblotter. After hybridi-
zation, the membranes were washed at high stringency, and
the DNA probes were detected using antibody to digoxigenin
conjugated with alkaline phosphatase for chemifluorescence
detection. Signals were detected using AttoPhos substrate
(Amersham Life Science, Arlington Heights, IL, USA) and
were scanned using a Storm Fluorimager (Molecular Dynam-
ics, Sunnyvale, CA, USA). Computer-generated images were
analyzed to determine the fluorescence intensity associated
with each sample and probe. Two lanes in each membrane
contained DNA standards with 1 ng (105 bacteria) and 10 ng
(106 bacteria) of each species. The sensitivity of the assay was
adjusted to permit detection of 104 cells of a given species by
adjusting the concentration of each DNA probe. The mea-
sured fluorescence intensities were converted to absolute
counts by comparison with the standards on the same mem-
brane. Failure to detect a signal was recorded as zero.

Data analysis

The primary comparison in this study was the proportion of
each bacterium from the exposed region compared to the
proportion of the same bacterium in the contralateral unex-
posed region. The effect of selective bacterial destruction by
light was measured by a difference in composition of the

bacterial plaque between areas exposed to light and those
unexposed. The primary outcome variables of this study were
the proportions of each of the black-pigmented bacteria (P.
gingivalis , P. intermedia , P. nigrescens , P. melaninogenica)
measured from exposed and unexposed areas of the mouth.
Differences in proportions between exposed and unexposed
areas of the mouth were statistically analyzed by a paired t test
of the average proportions of the bacteria or groups of bacteria
for each subject. Each proportion was computed as the aver-
age of proportions in samples taken from eight exposed teeth
(maxillary and mandibular first and second premolars and
molars) and eight unexposed teeth on the contralateral side
of the mouth after excluding teeth that had less than 1 % of the
bacterium being evaluated at baseline. Changes in bacterial
proportions from baseline to 4 days were also evaluated by
paired t test of subject averages. In this analysis, we concen-
trated on the change in proportions (%) of various bacteria. By
hypothesis, if light has an effect on bacteria that persists over
time, change in biofilm composition will be the appropriate
measure to be evaluated. Changes in numbers of bacteria will
reflect this change in composition as well, but numbers can
increase or decrease according to home care and other patient
factors, whereas changes in proportion more nearly describe
the change in population dynamics desired. As analysis of
these data proceeded, it became clear that teeth with extremely
low levels (<1%) of any particular bacterium at baseline could
not be expected to be reduced further by light treatment.
Indeed, many of the values <1 % were 0 (below our limit of
detection of ~104 bacteria). For this reason, these values were
excluded from the analysis.

Results

Clinical effects and measurements

The study proceeded without incident. No evidence of
intraoral irritation, pain, or discomfort associated with the
procedure was observed. Table 1 summarizes clinical mea-
surements. Althoughmeasurements did change over the 4-day
treatment period, changes were not statistically significant.
BOP decreased on both exposed and unexposed sides, where-
as PI was slightly reduced on the exposed site relative to the
unexposed side. The largest difference appears in reduced
redness on the exposed side. This difference (exposed de-
creasing by 6 % and unexposed increasing by 3 %) ap-
proaches statistical significance by paired t test (p =0.2).
Changes in visible plaque were not observed.

Effects of light on total bacterial numbers

DNA probe analysis from dental plaque samples confirmed
the presence of all 40 microorganisms. The difference in the
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average number of DNA probe counts from the light-exposed
and unexposed sides of the mouth was not statistically
significant.

Changes in levels of the black-pigmented bacteria

In our analyses, teeth with <1 % of bacteria being measured at
baseline were excluded since little reduction of initially low
bacterial levels would be expected. The principal effects of
light on black-pigmented bacteria occurred on P. gingivalis
and P. intermedia (Fig. 2 and Table 2).

Light exposure reduced the average proportion of P.
gingivalis from 2.07 to 1.57 % (Table 2), a statistically sig-
nificant effect (p <0.02). By comparison, P. gingivalis on the
unexposed teeth was reduced from 1.74 to 1.64 % (Table 2),
an effect that does not reach statistical significance (p =0.45).
The change from baseline to 4 days on the exposed side was a
reduction of 0.50 % compared to the unexposed side where
the reduction was 0.10 % (Table 2). This difference ap-
proaches statistical significance (p =0.07). Average propor-
tions of P. gingivalis were estimated in bacterial samples
obtained from nine subjects (subjects 2 and 3 were eliminated
because of inadequate baseline proportions). The effect of
light was also observed by analyzing the change in propor-
tions of P. gingivalis on teeth (Fig. 3a). A reduction in P.
gingivalis was also seen as a shift in the distribution on the
side exposed to light. In comparison, no change was seen on
the side that was unexposed.

Paired samples t test on proportions of P. intermedia could
only be conducted on four subjects (1, 3, 4, and 9) since most
samples contained less than 1 % P. intermedia at baseline.
Despite the lack of data for comparison using the 1 % exclu-
sion principle, the change of 1.08 % reduction on the exposed
side in comparisonwith 0.39%on the unexposed side (Table 2)
was statistically significant (p =0.02). The difference between
the baseline and 4-day proportions of P. intermedia (Table 2)
was of border line significance (p =0.06). Because of the small
number of subjects with >1 % P. intermedia in any samples, a
secondary analysis was conducted using the exclusion >0.5 %.
In this case, only subject 7 was eliminated from the analysis.
The data indicate that P. intermedia proportions were signifi-
cantly reduced by 0.39 % on the exposed side compared to a
reduction of 0.05 % on the unexposed side (p =0.0008). The
difference between proportions at baseline (1.32 %) and pro-
portions at 4 days (0.93 %) on the exposed side approached
statistical significance (p =0.11). The difference between pro-
portions at baseline (1.15 %) and proportions at 4 days
(1.20 %) on the unexposed side was not statistically significant
(p =0.79). A reduction in P. intermedia was seen as a shift in
the distribution on the side exposed to light, whereas no change
occurred on the unexposed side (Fig. 3b).

Paired samples t test on proportions of P. intermedia and P.
melaninogenica could be conducted using bacterial samples
from all subjects. The change on the exposed side in compar-
ison with that on the unexposed side (Table 2) as well as the
difference between the baseline and 4-day proportions was not
statistically significant.

Table 1 Mean values±standard
errors of clinical measures at
baseline (b) and at 5 days on sides
of the mouth exposed and unex-
posed to light

Exposed side Unexposed side

Pocket depth (PD) (in mm) Baseline 2.78±0.28 2.74±0.22

4 days 2.84±0.25 2.71±0.21

Bleeding on probing (BOP) (% positive sites) Baseline 0.38±0.11 0.31±0.12

4 days 0.23±0.09 0.19±0.06

Plaque index (PI) (% positive sites) Baseline 0.61±0.12 0.61±0.14

4 days 0.56±0.10 0.63±0.09

Redness (% positive sites) Baseline 0.48±0.15 0.53±0.16

4 days 0.42±0.10 0.56±0.11
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-0.60

-0.80
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Exposed
Side 
Reduction

% Difference

P. intermedia P. melaninogenicaP. nigrescensP. gingivalisFig. 2 Difference in mean
percentage change of black-
pigmented bacteria on sides of the
mouth exposed to light compared
to the contralateral unexposed
side. Negative values represent
reduction at the exposed side
relative to the unexposed side.
Error bars denote the standard
deviation of the mean
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Comparative analysis of all bacteria

Three statistical tests were conducted as paired t tests on
subject averages after excluding teeth with less than 1 % of
the species being tested, namely, test 1 : significance level of
light-exposed change vs unexposed change. This is the com-
parative percentage change between exposed and unexposed
sides; test 2 : significance level of the comparison between
baseline and 4 days on the side exposed to light. This is the
treated side change; and test 3 : significance level of the
comparison between baseline and 4 days on the side not
exposed to light. This is the untreated control change. The
data indicate that of all the bacteria tested, only P.
gingivalis and P. intermedia exhibited convincingly strong
associations in both the comparative percentage change
and the treated side change as shown above. In addition

to P. gingivalis and P. intermedia , five other species
showed the greatest proportional reduction of the light
exposed side relative to the unexposed side (Fig. 4), but
the reduction did not achieve statistical significance. These
included Streptococcus intermedius , Fusobacterium
nucleatum ss. vincentii , Fusobacterium nucleatum ss.
polymorphum , Fusobacterium periodonticum , and
Capnocytophaga sputigena. F. nuc ss. polymorphum and
F. periodonticum were reduced on the light-exposed side
and proliferated on the unexposed side. The proportions of
F. nuc. ss. vincentii and S. intermedius were reduced on
both exposed and unexposed sides with the greater reduc-
tion being on the exposed side. The proportion of C.
sputigena was unique in this group since the relative
reduction was inhibition but not reduction on the exposed
side and proliferation on the unexposed side.

Table 2 Change in proportions (%) of black-pigmented bacteria within the microbial population of 40 species on sides of the mouth exposed to light
compared to the contralateral unexposed side

Unexposed side Exposed side

Baseline 4 days Change Baseline 4 days Change

P. intermedia 2.20 1.81 −0.39 1.93 0.85 −1.08
P. gingivalis 1.74 1.64 −0.10 2.07 1.57 −0.50
P. nigrescens 2.08 2.19 0.11 1.86 1.95 0.09

P. melaninogenica 2.92 2.75 −0.17 3.19 3.07 −0.12

Values were averaged for each subject after excluding teeth with baseline proportions <1 %. Negative values in percentage change represent reduction
from baseline to 4 days

Fig. 3 Distribution of the proportions of P. gingivalis (a ) and P.
intermedia (b) in dental plaque on teeth before and after exposure to
light compared to control unexposed teeth. In this graphic presentation,

all teeth with proportions <1 % at baseline have been excluded to
illustrate the reduction in proportions observed on the exposed side but
not seen on the unexposed side
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Discussion

Bacterial numbers may increase or decrease in response to
oral hygiene without any change in composition. The demon-
stration of a reduction in the proportion of specific bacteria, as
shown in the present study, indicates that there has been a
change in plaque composition as a result of light exposure.
The discovered ability of light to selectively alter the compo-
sition of dental plaque could be an important contribution to
oral therapeutics. By this approach, not only the dental plaque
composition can be changed by suppressing several bacteria
thought to be periodontal pathogens, but it can be done
without administration of drugs or adjuvants. In this study,
we observed effects on two black-pigmented microorganisms
and several other important species. This was the result of
eight 2-min light exposures over a 4-day period.

This split-mouth internally controlled unblinded study was
initiated to address the following hypothesis: Repetitive
intraoral exposure of human dental plaque to high-intensity
blue light at 455 nm will reduce proportions of photosensitive
potentially pathogenic species—such as black-pigmented bac-
teria—thus inducing change in plaque composition in a way
that could account for the observed reduction in gingivitis.
Prior to the initiation of this study, clinical research suggested
that a tooth whitening procedure (the combination of high-
intensity light and peroxide) had an unexpected ability to
reduce gingivitis [29]. This reduction in gingivitis was noted
to persist for 6 months after treatment and was not associated
with plaque reduction. It was reasoned that a change in bacte-
rial composition would be required to mediate such a response.
Subsequent analysis suggested that the gingival effect was
primarily due to light exposure rather than the peroxide used
in the whitening procedure [29]. Laboratory studies were then
initiated to test this hypothesis, and it was found that the growth
of several oral species was sensitive to visible high-intensity
light [20]. The black-pigmented bacteria P. gingivalis , P.
intermedia , P. nigrescens , and P. melaninogenica were clearly
identified as species among which this effect could be mediat-
ed [20]. The photodestruction of black-pigmented species and

the susceptibility of certain oral species to light have also been
demonstrated by other studies [30–35]. However, selective
targeting of key pathogens by phototherapy in vivo in order
to restore homeostasis in the biofilm has not been explored
previously.

The results of this study indicate that light exposure selec-
tively affected a small segment of the bacterial population,
which included some of the most important periodontal path-
ogens. Primary analysis between the exposed and unexposed
sides of the mouth suggested that P. intermedia and P.
gingivalis were substantially reduced on the side receiving
light exposure. This was expected since those species possess
intracellular levels of light-absorbing porphyrin [20]. Al-
though the amount of endogenous porphyrin in P. nigrescens
and P. melaninogenica is about 20 times higher than that in P.
gingivalis [20], both microorganisms exhibited decreased
susceptibility to blue light for reasons that are unclear. It is
possible that the porphyrin content of microorganisms may
not be the sole determinant of photosensitivity. Since labora-
tory studies have demonstrated that black-pigmented bacteria
differ considerably in their sensitivity to light exposure, it may
be possible that significant effect of light exposure on P.
nigrescens and P. melaninogenica may be observed by
adjusting the experimental protocol (such as increasing the
length of the study). Presumably, stronger effects would be
associated with longer duration studies.

Secondary analysis of change from the baseline state indi-
cated that affected microorganisms included three
Fusobacteria (F. nuc. ss. polymorphum , F. periodonticum ,
and F. nuc. ss. vincentii), S. intermedius , and C. sputigena .
These bacteria were also reduced in association with light
exposure but did not achieve statistical significance. Reduc-
tion in these microorganisms could also be important. The
streptococci milleri group that include S. intermedius has been
indicated in refractory periodontal disease [36]. The
Fusobacteria are members of the so-called “orange com-
plex”, which are thought to be the precursor pathogens to
the establishment of a “red complex” ecology, considered by
many to be the climax ecological state leading to periodontal

0 1 20 . 4 1 . 40 . 8 1 . 8

F. nuc. ss polymorphum

P. intermedia

F. periodonticum

S. intermedius

P. gingivalis

C. sputigena

F. nuc. ss vincentii

Proportions (Exposed – Unexposed %)Fig. 4 Bacteria with the greatest
mean proportional reduction of
the light-exposed side relative to
the unexposed side. Teeth with
bacterial proportions >1 % were
included. Error bars denote the
standard deviation of the mean
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destruction [22]. These results also support the general
conclusion that the plaque composition had been
changed by reduction in the proportions of a small
group of bacteria.

Blue light at 405–420 nm has been used in clinical studies
for targeting Propionibacterium acnes [37–39] and
Helicobacter pylori [40, 41], the causative pathogens of acne
vulgaris and chronic gastritis, respectively. However, discrep-
ancies were reported concerning the therapeutic outcomes of
these studies mainly due to different protocols used. The
excitation of intracellular porphyrins by blue light with the
subsequent production of cytotoxic reactive oxygen species
has been suggested as the mechanism of inactivation of P.
acnes and H. pylori [42]. However, mechanisms of blue light
action in acne treatment may be through interfering with
inflammatory mediators [43] that may or may not be mediated
by porphyrin photochemistry [44]. In the present study, gin-
gival redness was reduced by 6 % on the exposed side,
whereas on the unexposed site, redness increased by 3 %. It
is possible that blue light has both antibacterial and anti-
inflammatory activity [44]. The potential of blue light inter-
vention to enhance the innate immune response locally should
be explored in future studies.

The overall safety of the procedure used in this study is of
equal importance to the effectiveness of light exposure in
reducing bacterial proportions. No adverse effects were found
or reported following eight exposures to blue light at 455 nm
with a total energy fluence of 67.2 J/cm2. The light being used
was in the blue visible range with negligible ultraviolet energy
that has been shown to be involved in development of malig-
nancy [45]. In the blue range of wavelength, porphyrin-
containing enzymes and flavoproteins are thought to be
photoacceptors linking the mitochondrial respiratory chain to
photostimulation [46]. Kleinpenning et al. [47] investigated
the effects of broadband light of 390–460 nm with a peak at
420 nm on normal skin of eight healthy volunteers. Light with
an energy fluence of 20 J/cm2 was delivered to a skin area of
225 cm2 every day up to a cumulative dose of 100 J/cm2 over
5 days. Light did not cause DNA damage or early skin aging.
The biological effects on normal skin were transient melano-
genesis and inexplicable vacuolization without resulting apo-
ptosis. Liebmann et al. [46] found that a single irradiation with
blue light at 453 nmwas nontoxic on human skin cells in vitro
up to a fluence of 500 J/cm2. In our study, a single exposure to
blue light at 455 nm corresponded with an energy fluence of
8.4 J/cm2 (2 min of irradiation with a power density of
70 mW/cm2). In an in vivo setting, light decays as it is
delivered deeper into the tissue, and therefore, light energy
taken up by cells within the tissue will be less compared with
that absorbed by cells on the surface.

In healthy subjects, the composition of dental plaque can
remain stable for prolonged periods of time because of a
dynamic balance among the resident members of its microbial

community (microbial homeostasis) [48]. Disease is due to
imbalances in the proportions of the resident microflora that is
caused by the breakdown of the microbial homeostasis in-
duced by the disturbance of the local habitat (the ecological
plaque hypothesis) [49]. Therefore, effective plaque control
techniques will maintain the microflora of the dental biofilm at
levels that are compatible with health by suppressing or
restricting the growth of some of the putative pathogens
[12]. The present study proposes a new method to modify
the ecosystem in dental plaque by phototherapy, thus intro-
ducing an inexpensive new avenue of prophylactic treatment
for periodontal diseases. Daily and short-term exposures of
periodontal pockets to blue light in human subjects with
gingivitis or periodontitis may lead to a cumulative suppres-
sive effect on black-pigmented bacteria and possibly other
species within the natural dental plaque. Light therapy alone
may reduce the load of the photosensitive species in plaque,
resulting in an increase in a microbiota associated with oral
health. In addition, a likely scenario for biofilms containing
only early colonizers will be that successive illuminations will
prevent the proliferation of photosensitive biofilms and this
may result in a biofilm arrested in the “young” stage. This
novel technique may offer the following advantages
compared with other forms of periodontal therapy: (1)
rapid and painless application of light, (2) selectivity for
pathogens, (3) light penetration of tissues and plaque
and elimination of bacteria internalized in gingival epi-
thelial cells, (4) absence of phototoxicity to human
cells, (5) no effects on taste, and (6) possible clinical,
microbiological, and immunological benefit with mini-
mal impact on natural microbiota.

The present study would have benefited by being larger
and run for a longer time period. However, as the first study of
its type and with so many variables to optimize (duration,
frequency, intensity, and wavelength) and with only one pro-
totype instrument to test (requiring all subjects to come in
twice daily for light exposure), the results were positive.
Fortunately, the study was greatly aided by extensive in vitro
analysis that suggested reasonable frequency, intensity, and
wavelength parameters. The clinical significance of these
microbiological changes will require more detailed analysis
of more subjects over longer periods of time with selected
clinical parameters of interest. It will be necessary to develop a
take-home version of the light apparatus to test the longer time
periods. Second, it will be necessary to test measures of host
response consequent to antibacterial effects. Nevertheless, it
seems clear that light exposure will reduce the proportions of
an important periodontal pathogen, P. gingivalis . Also, there
appear to be no deleterious clinically observable or
microbiologically detectable consequences of light expo-
sure in the mouth. For these reasons, as a proof of
principle and a harbinger of potential development, this
study is clearly pivotal.
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