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Introduction

Taking measures to help patients
prevent and manage periodontal
diseases is a major component of
dental hygiene practice. Prevalence
of periodontal diseases is difficult to
determine accurately, but the most
recently released estimate by the
Centers for Disease Control and Pre-
vention (CDC) indicates that 8.51%
of U.S. adults aged 20 to 64 have
periodontal disease defined as at
least 1 periodontal probing depth of
4 mm or greater, with 3 mm or more
of attachment loss.!? Subsequent
examination of this data has sug-
gested that the actual figure may be
much higher.? It has been reported
that more than half of U.S. adults
have gingivitis.* A combination of
specific bacterial activity and the
patient’s immune response is impli-
cated in pathogenesis of periodontal
diseases, causing tissue destruction
which can lead to recession, mobility
and eventual tooth loss.®> This article
is a review of laboratory and clinical
research conducted for the purpose
of exploring an emerging treatment
option — probiotic therapy to support
periodontal health.

A need for new and improved peri-
odontal therapies exists. Dental hy-
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This study supports the NDHRA priority area, Clinical Den-
tal Hygiene: Assess the use of evidence-based treatment
recommendations in dental hygiene practice.

giene practitioners will be familiar with the ubiquity
of scaling and root planing as a treatment option
for their periodontal patients. Some of the short-
comings of scaling and root planing may be char-
acterized as such: following mechanical removal,
periodontal pathogens repopulate pockets within
months, compelling continuous and economically
burdensome retreatment.® There is substantial evi-
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dence that complementing scaling and root planing
with antimicrobial chemotherapies, such as antibi-
otics or Chlorhexidine, improves periodontal heal-
ing.”® However, the CDC has identified antibiotic
resistance as a growing problem and a direct result
of antibiotic use, and reports that “almost every
type of bacteria has become stronger and less re-
sponsive to antibiotic treatment.” Additionally, the
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possibility of adverse or allergic drug reaction could
make antibiotic therapy for periodontal disease an
undesirable option for some patients. Allergy to
antibiotics appears to be uncommon, but has been
shown to rise in incidence with increasing age and
use.% A recent review of medical records in San
Diego Country revealed that out of over 411,000
outpatients given antibiotics in 2007, between 0.5
to 1.1% of men and 1 to 1.5% of women reported
adverse reactions, possibly allergic, to non-sul-
fonamide antimicrobials such as the tetracyclines,
macrolides, quinolones and penicillin derivatives
sometimes used in treating difficult periodontal
cases.!%l Chlorhexidine, an antimicrobial agent,
has been associated, in some cases, with adverse
events in those with poorly controlled diabetes.?!?
Thus the search for effective treatment options
that offer long-term benefits and pose minimal risk
continues. As an alternative, probiotic treatments
may not be risk-free — some reports of secondary
infection in patients with systemic disease require
further analysis — but side effects are considered
mild and unlikely. Probiotics have a long history of
use in health promotion and are generally consid-
ered safe.1314

Dental hygienists are in a position to commu-
nicate oral health discoveries to patients, and
may encounter questions about probiotics for oral
health. A probiotic is defined by the Food and Agri-
culture Organization of the United Nations and the
World Health Organization as a live microbe that
confers health benefits to its host, when consumed
in sufficient quantity.'® In recent decades, the tar-
geted use of probiotics to treat diseases has gained
popular as well as medical interest. A 2007 review
states that since 2000, publications about probi-
otics increased almost exponentially.t> A PubMed
search yields 559 U.S. based articles about probi-
otics published in the last 5 years, while a Google
search of “probiotics for sale” yields 571,000 re-
sults. Commercial probiotic use to promote health
is on the public radar.

The efficacious use of probiotics to treat gastro-
intestinal conditions has been well established.®
The scientific basis for periodontal application is
still emerging, as evidenced by the small body of
publications on this topic, but commercial products
marketed for periodontal health promotion exist
nonetheless. EvoraPlus® products (from Oragenics
Inc™, a Biopharmaceutical company based in Tam-
pa, FL) are an example, featuring 3 trademarked
strains of Streptococcus species.'” The Swed-
ish biotechnology company BioGaia® (Stockholm,
Sweden) is a commercial manufacturer of L. reuteri
probiotic supplements (“ProDentis®”) marketed for
oral health promotion.'® ProDentis® is distributed in
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the United States under the name “Periobalance®”
by Sunstar Americas, Inc./G.U.M (Chicago, IL).*®

Since current research in probiotics may lead to
new options for maintaining oral health, the pur-
pose of this review is to evaluate the scientific liter-
ature regarding probiotic treatment of periodontal
diseases.

Methods and Materials

Articles were selected for this review from mul-
tiple Medline (PubMed) searches, many of which
combined the phrases “periodontal disease” or
“periodontal diseases” and “probiotics” with other
descriptive terms, but also some that substituted
specific bacterial names associated with probiotic
use and periodontal pathogens in order to maximize
the yield of related research. Some articles were
selected from the bibliographies of other qualifying
and non-qualifying sources. Only articles classified
as “clinical trials” (in-vitro or in-vivo, with humans
or animal subjects) were included. Other published
reviews are not reviewed, but in some cases are ref-
erenced for background and supporting information.
Peer-reviewed publications between 2000 and 2011
were a criterion for inclusion. Only articles published
in English with full-texts available were considered.

The bacteria examined for probiotic use in the
articles reviewed were selected from Lactoba-
cilli, Streptococci, Bifidobacterium and Bacilli spe-
cies.”?927 Some of the researchers in these articles
examined specific bacterial strains, in accordance
with the FAO/WHO guidelines. For example, Teughels
et al studied Streptococcus mitis BMS, Streptococ-
cus sanguis ACTCC 49297, Streptococcus salivarius
TOVE.7 Mayanagi et al and Shimauchi et al stud-
ied Lactobacillus salivarius-WB21.2122 Twetman et
al looked at Lactobacillus reuteri DSM17938, ATCC
PTA 5289 and ATCC 55730.2® Staab et al examined
Lactobacillus casei Sharota.?¢

Lactobacilli species were frequently chosen be-
cause of their existing uses in targeted probiotic
therapy for humans (mainly gastrointestinal) and
their otherwise common and often beneficial pres-
ence in normal human flora.?°-2* The L. reuteri WB21
strain studied by Mayanagi et al and Shimauchi et al,
in particular, has been cultivated to survive stomach
acids.?!22 Some researchers point to evidence of Lac-
tobacilli's anti-inflammatory effects in the gastroin-
testinal tract via mechanisms which could conceiv-
ably function in the periodontium as well.?®> Krasse
et al were inspired to study L. reuteri by anecdotal
observations suggesting oral benefits.?* Teughels et
al selected 4 species of Streptococci, which are part
of the normal oral flora and had previously been
shown to possess anti-cariogenic properties, to
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examine for periodontal benefits.” Zhu et al chose
to experiment with a set of strains that they had
cultured from commercial yogurt, thus testing the
periodontal relevance of bacteria that patients may
encounter through usual dietary practices.?® There
is a clear concentration of interest in the available
literature around the Lactobacilli, and L. reuteri in
particular, with 3 out of 10 studies included focusing
on that species.?3:2427

Each of the in-vivo clinical studies was random-
ized, double-blinded and controlled, with the ex-
ception of one which was not double-blinded.?® The
human sample sizes are generally small, ranging
from 30 to 66 individuals. All had a high rate of
completion, and no adverse events attributable to
the test products were reported in any of the stud-
ies.?1-2427 All of the human subjects were healthy
adults. One study collected samples from human
subjects, but performed all subsequent experimen-
tation in-vitro and one was completely in-vitro.20:2
Those performed with human subjects selected par-
ticipants who were considered healthy apart from
some degree of periodontal infection, who were not
undergoing active dental treatment (except when
scaling and root planing were included in the study
design), who did not have concurrent probiotic sup-
plementation, who could tolerate dairy products and
who were not undergoing treatment with antibiot-
ics.20-242627 None of the studies were formulated to
specifically examine a smoking population. Howev-
er, data specific to the subjects who were smokers
were considered in 2 studies.??2?® One study actively
excluded smokers.?” The inclusion of professional
prophylaxis and oral hygiene instruction varies from
study to study, as does severity of disease in the
subjects and sample size. This heterogeneous col-
lection of studies has been reviewed together be-
cause of the limited number of sources available for
comparison.

The significant findings of these articles are orga-
nized within this review by the 3 major categories of
results that emerged:

e The clinically observable responses of periodon-
tal tissue to probiotic exposure

e Changes in periodontal pathogen populations in
the presence of probiotic bacteria, due to com-
petitive displacement

e Measurable changes in host immune response
to probiotic treatment

Results

Probiotic effects on clinical signs of peri-
odontal diseases: Periodontal diseases are char-
acterized by the clinical signs of gingival inflamma-
tion and deepened periodontal probing depths, and
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generally associated with plaque biofilm formation.
The human studies concerning periodontal probi-
otic treatments invariably collected some data on
these parameters.

Krasse et al found that 2 different L. reuteri for-
mulations (LR-1 and LR-2, respectively) signifi-
cantly improved plaque index (PI) scores in sub-
jects with moderate to severe gingivitis compared
to similar subjects taking a placebo (p<0.05 for
LR-1, p<0.01 for LR-2). The LR-1 formulation also
significantly improved gingival index (GI) scores
compared to a placebo (p<0.0001). The test prod-
ucts were formulated in a chewing gum containing
1x108 colony forming units (CFU) of L. reuteri.?
Subjects chewed the designated product twice a
day after brushing for 2 weeks, and the significant
results were recorded at the end of this 14 day test
period. The positive effects of both were observed
with the use of L. reuteri chewing gum on GI and
PI, and surpassed the improvements observed in
subjects who only received an initial professional
prophylaxis and OHI, which all subjects received
at the start of the study. Twetman et al, who also
tested the effects of chewing gum containing L.
reuteri strains and recorded PI or GI scores from
their periodontally diseased subjects, also mea-
sured bleeding on probing.?® At the 2 week evalu-
ation of these subjects, bleeding was significantly
reduced in both test groups but not in the placebo
group (p<0.05).

Two research teams at Tohoku University in Ja-
pan, Mayanago et al and Shimauchi et al, evaluat-
ed the probiotic effect of 1 specific bacterial strain,
Lactobacillus salivarius-WB21, on the periodontal
pathogens in a group of subjects with mild to mod-
erate periodontal disease.?!??2 Sixty-six adult par-
ticipants were divided into treatment and control
groups, statistically similar at baseline. No patients
with severe periodontal disease were included, de-
fined as 1 or more periodontal pocket depths of
6 mm or greater (on one of the patient’s 6 teeth
selected), pathologic mobility or abscess. The test
product was a xylitol-based tablet formulated with
6.7x10% CFU of L. salivarius—WB21. Participants
were instructed to let the tablet dissolve in their
mouths 3 times a day for 8 weeks, but not to al-
ter their usual oral hygiene habits. Shimauchi et al
reported that both test groups showed improve-
ments in the clinical indices at 4 and 8 week evalu-
ations, and there were no significant improvements
of the test group compared to the placebo group
taken as a whole.?> However, when the non-smok-
ers were ignored and only the smokers from the 2
groups were compared, the test group smokers did
show significantly greater improvements in probing
depths (PPD) and plaque indices than the placebo-
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group smokers at 4 weeks (p<0.05 PPD, p<0.01
plague indices) and at 8 weeks (p<0.05 for PPD,
p<0.05 plaque indices) of using the experimental
treatment.??

Staab et al found that the practice of consuming
a daily probiotic milk drink containing the Shirota
strain of Lactobacillus casei did not reduce over-
all plaque. The product was tested without other
modifications over the course of 8 weeks. Unsur-
prisingly, plaque levels increased even more after a
4 day experimental gingivitis period, during which
the subjects ceased plaque removal practices but
continued consumption of the drink. The test sub-
jects showed a greater plaque increase than sub-
jects who consumed none of the probiotic drink,
possibly due to the carbohydrate content of the
test product. Papillary bleeding on probing, howev-
er, increased for both groups but remained statisti-
cally similar between groups at all data points.?®

Vivekananda et al found that scaling and root
planing a L. reuteri lozenge treatment showed sig-
nificant improvement in all clinical parameters, in-
cluding clinical attachment, plaque levels, gingivi-
tis (as measured by GI) and bleeding (p=0.001).%7
Scaling and root planing combined with the L. reu-
teri strains was more effective than either treatment
alone. This study used a split-mouth design in the
test group in addition to a placebo-controlled com-
parison group. Both the test and placebo groups
received scaling and root planing treatment in only
half of the mouth and none in the other half. Thus,
each subject served as his or her own control. Even
in the halves of the mouths that were not treated
with scaling and root planing, the active-lozenge
group showed a significantly lower plaque index
than the placebo group (p<0.001). Meanwhile, the
un-scaled quadrants of the placebo group did not
show a significant improvement compared with
baseline values for these sites. The largest reduc-
tion in pocket depth, by 1.31 mm, was also found
among the sites that received combined treat-
ment of scaling and root planing plus the L. reuteri
strains. However, neither scaling and root planing
nor L. reuteri treatment alone provided even half
of the combined improvement.?” The 30 adult sub-
jects were considered to have chronic periodontitis
based on clinically evident gingivitis, 5 to 7 mm
probing depths and radiographic bone loss. The
test group’s lozenges contained 1x108 CFU of each
of the L. reuteri strains DSM17938 and ATCC PTA
5289. Subjects in this study waited 3 weeks after
scaling and root planing to begin using the lozeng-
es, and continued to use the lozenges twice daily
for 3 more weeks.

Of the studies that evaluated clinical parameters,
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subjects who received lozenge and chewing gum
delivery systems showed significant improvements,
especially when the treatment was combined with
traditional mechanical therapies.

Periodontal pathogens: Many of the stud-
ies reviewed examined the potential probiotics’
interaction with specific periodontal pathogens.
Pathogens in these examinations included Acti-
nobacillus actinomycetemcomitans, Aggregati-
bacter actinomycetemcomitans, Aggregibacter ac-
tinomycetemcomitans [sic], Prevotella intermedia,
Prevotella nigrescens, Porphyromonas gingivalis,
Porphyromonas gulae, Porphyromonas circumden-
taria, Treponema denticola, Tannerella forsythia,
Campylobacter rectus, Fusobacterium nucleatum,
Peptostreptococcus anaerobius and Bacteriodes
fragi|is.7,20,22,25,27

Mayanagi et al, looking for periodontal benefits
from L. salivarius WB21 consumption, isolated 5
periodontal pathogens from the supragingival and
subgingival plaque of all subjects and then evaluat-
ed quantitative changes in pathogen colonies over
the 8 weeks of the study.?! No adjunctive treat-
ments, such as scaling and root planing or oral hy-
giene instruction, were provided. The 5 pathogens
identified, using DNA amplification, were Aggre-
gatibacter actinomycetemcomitans, P. intermedia,
P. gingivalis, T. denticola and T. forsythia. By the
fourth week of using the L. salivarius WB21 tab-
lets, plaque from the test group yielded significant-
ly reduced total bacterial levels of the 5 pathogens
(p=0.012). However, when bacterial counts of each
pathogen were examined individually and differ-
ences among patients, such as baseline bacterial
presence, plaque levels and smoking status, were
considered, only counts of T. forsythia were sig-
nificantly different between the test and placebo-
controlled group (p<0.001 at 4 weeks, p=0.006 at
8 weeks), with lower subgingival T. forsythia counts
in the test group.?!

In a canine model, Teughels et al examined
whether the introduction of 3 Streptococcus spe-
cies, S. salivarius, S. sanguis and S. mitis, could
inhibit re-infection of periodontal pockets after
scaling and root planing. The 3 infectious patho-
gens considered were P. intermedia, a known hu-
man periodontal pathogen, Porphyromonas gulae,
which has been considered a canine equivalent of P.
gingivalis and C. rectus. Microbial composition was
compared in artificially created periodontal 5 mm
pocketing. Only when the scaling and root planing
treatment was followed by 3 separate insertions of
a pellet containing live Streptococci probiotics di-
rectly into the periodontal pocket, 1 or 2 weeks
apart, were lowered pathogen levels maintained
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12 weeks after the initial treatment (p<0.001 for
black-pigmented species and p=0.002 for anaero-
bic species). In comparison, animals who received
scaling and root planing but no probiotics showed
significantly reduced black-pigmented pathogen
levels after treatment, but the reduction was not
sustained over time (p>0.001).”

In their study of the L. reuteri lozenge, Viveka-
nanda et al also collected subgingival plague sam-
ples for examination of the microbial composition.?’
From these samples, Aggregibacter actinomycet-
emcomitans [sic], P. gingivalis and P. intermedia
were cultured. Significant reductions in the levels of
all 3 red—-complex periodontal pathogens occurred
only in the active-lozenge group, and the reduction
of each pathogen was 10-fold in these instances
(p values ranging from <0.01 to <0.005). Simi-
larly to the Teughels et al canine study, only sites
treated with the probiotic showed significantly re-
duced pathogen levels in pooled subgingival plaque
over an extended period after initial treatment,
while sites treated with scaling and root planing
alone did not. The combined treatment of scaling
and root planing plus ProDentis® showed a more
significant reduction of A. actinomycetemcomitans,
P. gingivalis and P. intermedia significant than the
scaling and root planing plus placebo treatment (A.
a. p<0.005, P. g. p<0.005, P. i. p<0.05).%”

Krasse et al did not measure pathogen displace-
ment, but did find that their test groups treated
with L. reuteri experienced a large increase in L.
reuteri presence in the saliva. Fewer than 10% of
test patients in this study were found to be colo-
nized with salivary L. reuteri at baseline, but by the
end of the 2 week study 65% of subjects receiving
the LR-1 formulation and 95% of subjects receiv-
ing LR-2 were colonized. In both groups, L. reuteri
made up close to half of the final bacterial presence
in saliva while the placebo group had no L. reuteri
colonization at any point.?*

Zhu et al were the only group to examine pro-
biotic inhibition of pathogens in comparison to an
accepted antimicrobial chemotherapy, though the
study was performed only in-vitro.2> Chlorhexidine
was used as a control for the experimental com-
petition of periodontal pathogens with microorgan-
isms found in yogurt. From a commercial brand of
yogurt available in China, they isolated and con-
firmed 4 live strains of bacteria: Lactobacillus bul-
garicus, Streptococcus thermophilus, Lactobacillus
acidophilus and Bifidobacterium. The researchers
then tested inhibition of F. nucleatum, P. gingiva-
lis, A. actinomycetemcomitans, P. intermedia, P.
nigrescens, P. anaerobius, B. fragilis and P. cir-
cumdentaria against the yogurt cultures by diffus-
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ing yogurt through BHI agar that had been seeded
with the selected periodontal pathogens. Since the
low pH of yogurt has some potential for inhibiting
periodontal pathogens, the researchers controlled
for pH by preparing another diffusion using yogurt
that had been heat-treated to reduce the micro-
bial content to almost zero. Different combinations
of bacteria were inoculated onto the same plates,
in controlled chronological variations. Zhu et al
showed that active yogurt inhibits all 8 pathogens
better than the heated yogurt, but not as well as
0.2% Chlorhexidine, which was used as a control.
The pathogens tended to be inhibited when the yo-
gurt cultures were introduced to the medium first.
When the periodontal pathogens were introduced
first, the yogurt cultures and pathogens grew side-
by-side with no inhibition with the exception of P.
intermedia, which was able to inhibit growth of yo-
gurt cultures Bifidobacterium and S. thermophilus.
When inoculated simultaneously, S. thermophilus
inhibited the pathogen P. nigrescens.?®* Though it
is impossible to tell from an in-vitro study how
these organisms would behave in a clinical trial,
this evidence suggests that rapid inoculation with
probiotics in an environment free of periodontal
pathogens could act preventatively in the growth,
or re—growth, of pathogens. The dominance of P.
intermedia in this instance reminds us that certain
pathogens may have the ability to break through
the protective colonization of probiotics. The clini-
cal narrative that would result from these inhibitory
wins and losses cannot be described from the non-
clinical data.

In-vitro experimentation by Koll-Klais et al
suggests that the difference between the normal,
non-pathogenic flora of periodontal patients versus
healthy patients can be characterized by mode of
carbohydrate fermentation.?® In both healthy and
diseased patients sampled, the majority of the flo-
ra was comprised of Lactobacilli species, which are
not considered pathogenic. Known oral pathogens,
including Streptococcus mutans, A. actinomycet-
emcomitans, P. intermedia and P. gingivalis were
also cultivated from the diseased patients. Some
of these Lactobacilli species were homofermenta-
tive, which refers to their metabolic production of a
single by-product, lactic acid. Others were hetero-
fermentative, a categorization that refers to their
multiple metabolic by-products. Overall, facultative
heterofermentatives (homofermentative bacteria
that can alter their metabolism to resemble hetero-
fermentation under certain conditions) were pres-
ent in higher numbers in the periodontitis patients
than in the healthy patients, while the obligate ho-
mofermentatives (those that must metabolize us-
ing homofermentation, with a limited by-product)
were relatively low. Lactobacillus gasseri, an obli-
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gate homofermentative, was not only among the
most prevalent in healthy subjects, but was also
much less prevalent in the diseased patients. This
reviewer noted from the data that Lactobacillus ac-
idophilus, a mainstay of commercial probiotic dairy
products, made up less than 10% of the obligate
homofermentatives in healthy subjects and 0% in
the diseased.

When different combinations of the Lactobacilli
and oral pathogens collected from the subjects’
gingival crevicular fluid were cultured and grown
together under appropriate conditions, patterns of
inhibition could be observed. When grown together,
obligate homofermentative and facultative hetero-
fermentative Lactobacilli demonstrated the great-
est ability to inhibit the pathogens.?® The value of
this study to the development of probiotic treat-
ments appears mainly to be in understanding the
roles of existing flora, without treatment.

Probiotic effect on host immune response:
In response to evidence that some of the health
benefits of probiotics are due to immunomodula-
tory effects, Shimauchi et al, Twetman et al and
Staab et al measured host response to potential
periodontal probiotics by way of inflammatory
markers.22:23.26

Twetman et al primarily evaluated the inflamma-
tory markers present in GCF of otherwise healthy
adult periodontal patients.?? Of 3 treatment groups,
which differed by number of probiotic active (A)
pieces of gum chewed versus number of placebo (P)
pieces chewed, only the A/A group showed a sig-
nificant reduction in 3 of the inflammatory markers
evaluated in this study. TNF-alpha and IL-8 showed
reduction at weeks 1 and 2 during treatment, re-
spectively, and IL-6 was reduced 2 weeks after the
treatment was ceased (p<0.05). Every piece of ac-
tive gum contained 2 live strains of Lactobacillus
reuteri, ATCC 55730 and PTA 5289, in the quantity
of 1x108 CFU each. Subjects in this study were all
given oral hygiene instruction. One possible limita-
tion of the site selection was that none of the sites
tested were molar sites and all were buccal. Results
showed a decrease in BOP and amount of GCF in
all subjects after the 2 weeks of chewing the gums,
but only the reduction in the experimental groups,
A/A and A/P (p<0.05) was considered significant.

Shimauchi et al?2 chose to measure levels of sali-
vary lactoferrin (Lf) based on evidence published
in 2007 by Komine et al?® that Lf proteins in whole
saliva indicate periodontal inflammation. The test
group, participating in L. salivarius WB21 treat-
ment, showed significantly lower salivary Lf lev-
els at 8 weeks, while the placebo group did not
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(p<0.01). As previously mentioned, examination of
smokers was not the purpose of any of these stud-
ies, but when the data were calculated to separate
the subjects who smoked from the non-smokers,
the change in Lf levels was most pronounced among
the test subjects who had also smoked.?? Staab et
al, in the only other study reviewed, specifically
addressed the relevance of smoking to periodon-
tal health and reported a balanced distribution of
smokers among their groups such that any effects
of smoking would not skew the results.?¢

To study the clinical and immunologic effects of L.
casei strain Shirota consumed as a drink, Staab et
al measured the inflammatory markers myeloper-
oxidase (MPQO), Polymorphonuclear (PMN) elastase
and matrix metalloproteinases (MMP-3), a host
enzyme thought to be involved in periodontal de-
struction. Among the test subjects who consumed
the drink every day for 8 weeks, MMP-3 and PMN
elastase levels dropped after the 8 week trial, even
though plaque increased. In the test group, MPO
did increase over the 8 week trial, but then dipped
slightly when measured after the 4 “experimental
gingivitis” days of ceased plaque removal. In com-
parison, the control group’s MPO levels, as well as
MMP-3 and MPO levels, increased at every time
point.2¢

Discussion

The literature reviewed included clinical research
since 2001 linking periodontal disease pathogen-
esis and probiotic treatment. There are many well-
documented health benefits of probiotics, includ-
ing relieving of inflammation and prevention of
certain infections and allergies.?® A 2011 review
by Teughels et al provides a more in-depth dis-
cussion of the history of probiotic treatments and
the mechanistic rationales for applying probiotics
to periodontal health.?® Given the infectious and
inflammatory nature of periodontal diseases, com-
bined with the challenges of existing treatments,
the search for probiotic periodontal therapy is a
reasonable development. In 2002, the FAO and
WHO proposed guidelines for regulating probiotics
and recommended identifying probiotic candidates
by DNA-confirmed strain. The guidelines outline
a multiphase empirical approach to establishing a
profile of safety, handling and targeted therapeutic
use similar to the phases required in drug testing.!®
A review of currently published research indicated
that, with regard to treating periodontal diseases,
there is room for progress in identifying the most
promising bacterial species for probiotic cultivation
and the most effective treatment modality. Some
commercial probiotic periodontal therapies do al-
ready exist. Krasse et al and Vivekananda et al
both used products manufactured by BioGaia®.?42”
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BioGaia® cites the 2010 Vivekananda et al study
for support of their product’s efficacy.?”:3°® Though
Vivekananda et al stated no conflict of interest, it
should be kept in mind that a publication grant and
the test products for this study were donated by
the BioGaia® company. At this time, there appears
to be no publically available research on probiotic
treatments for periodontal diseases conducted in
the U.S.

Discussion of Clinical Signs: The most exten-
sively published data on periodontal probiotics to
date involves Lactobacilli species. Shimauchi et al,
Twetman et al, Krasse et al and Vivekananda et
al reported periodontal benefits associated with L.
reuteri treatment.??-242” Krasse et al provided evi-
dence that daily, topical L. reuteri treatments (in
chewing gum form), adjunctive to professional pro-
phylaxis, could improve gingival health, as mea-
sured by plaque and gingival indices.?* Twetman et
al also noted a significant reduction in bleeding on
probing in test groups chewing 1 or 2 probiotic-
enhanced gums daily containing either the LR-1
or LR-2 strain of L. reuteri, which was not seen in
the control group (p<0.05).23 According to Viveka-
nanda et al, an active lozenge containing L. reuteri
provided a clear benefit.?” Even without instrumen-
tation, mouths receiving treatments that included
the ProDentis® lozenge showed significant clinical
improvement over the placebo group in all clini-
cal aspects measured at 6 weeks except 1 (pocket
probing depth reduction) (p<0.05 and p<0.001).

When Shimauchi et al examined use of a L. sali-
varius WB21 tablet by patients with mild to moder-
ate periodontal disease, 3 times daily for 8 weeks,
only the current smokers showed significant clinical
improvements in probing depth and plaque indices
(p<0.05 and p<0.01).22

Discussion of Periodontal Pathogen Re-
sponse: Koll-Klais et al identified significantly high-
er levels of homofermentative Lactobacilli, a group
that includes L. salivarius, in periodontally healthy
subjects than in an otherwise similar group of peri-
odontally diseased subjects (p<0.05).2° However,
L. gasseri was the only individual homofermenta-
tive that significantly reflected this tendency for
greater prevalence in healthy subjects (p<0.001).
When tested for inhibition of the periodontal patho-
gens A. actinomycetemcomitans, P. gingivalis and
P. intermedia, one of the best performers among
the naturally occurring Lactobacilli was L. salivari-
us, followed by L. crispatus and L. gasseri.

Mayanagi et al and Shimauchi et al selected L.
salivarius WB21 as a potential probiotic because
Lactobacilli are common oral flora and the species
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L. salivarius has been shown to reduce salivary
levels of black-pigmented bacteria, such as some
periodontal pathogens.?!?22 Mayanagi et al discuss
that previous research demonstrates a synergis-
tic relationship between T. forsythia and P. gingi-
valis.?! Therefore, suppression of T. forsythia could
conceivably help to undermine the pathogenesis of
P. gingivalis. The authors are encouraged by their
finding of T. forsythia reduction, along with the
2008 data reported by Shimauchi et al from the
same participants, that the WB21 strain could have
a future in periodontal disease management and
prevention.??2 A potential conflict of interest ex-
ists in both the Mayanagi et al and Shimauchi et al
studies in that the research was funded by Waka-
moto Pharmaceutical Co., the same company that
produced the treatment and placebo tablets. Two
of Shimauchi’s researchers were employed by this
pharmaceutical company. Participants were also
selected from the workers at the factory who pro-
duced the tablets.

Xylitol is used as a primary ingredient in many
placebo and test products across this selection of
studies. Xylitol’s inhibition of oral Streptococci, with
significance for dental caries, has been well docu-
mented.3! There does not appear to be any pub-
lished research that describes effects of xylitol on
periodontal health, and the anticipation of such an
effect is not discussed within these studies. Shi-
mauchi et al used a xylitol base for their probiotic—
active and placebo tablets.?? They reported having
observed in their own experimentation that xylitol
has no modulating effect on periodontal patho-
gens by itself; however, xylitol boosts L. salivarius
WB21's inhibitory effects on the periodontal patho-
gen P. gingivalis. They have not included this un-
published data.??

Zhu et al also found evidence for the preventive
capacity of periodontal probiotics.?®> At least in-vit-
ro, certain probiotic strains can inhibit the growth
of P. gingivalis and P. intermedia when allowed to
colonize first. In theory, guided pocket recoloniza-
tion after scaling and root planing could be a strate-
gic clinical use of probiotics in dental hygiene prac-
tice, when Chlorhexidine or other antimicrobials are
contraindicated. Further research to develop a pro-
biotic mixture for post-operative in-office applica-
tion may someday be able to assist the longevity of
pathogen removal in scaling and root planing pro-
cedures. An implication of this study is that further
clinical research could be rewardingly directed at
probiotic treatment of periodontal patients immedi-
ately following professional plaque removal.

The results of Vivekananda et al are surprising
for their uniformity - Pathogens A. actinomycet-
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emcomitans, P. gingivalis and P. intermedia were
each reduced by the L. reuteri test product, Pro-
Dentis®, by the same amount (to 10> CFU/mI).27
The ProDentis®-only treatment showed statisti-
cally significant reductions in pathogen levels by
the end of the 6 week trial (p<0.05 to p<0.001),
and a comparison of the combined scaling and root
planing plus ProDentis® treatment to ProDentis®
alone showed no statistically significant advantage
to adding scaling and root planing. The combined
treatment of scaling and root planing plus ProDen-
tis® still showed the greatest numerical reduction
of each species, even though the added advantage
was not statistically significant compared to the
ProDentis®-only treatment. Vivekananda et al dis-
cuss that this finding corroborated others’ observa-
tions regarding the limited effect of a single scaling
and root planing treatment on the long-term re-
duction of periodontal pathogens such as A. actino-
mycetemcomitans.?’

Teughels et al sampled dogs rather than humans,
and is presently the only study examining the use
of oral Streptococci as a probiotic treatment in sub-
jects with periodontal disease.?® Their successful
black-pigmented pathogen control within 4 mm
pocketing suggests that the search for periodon-
tal probiotics need not be limited to Lactobacilli.
Teughels et al were the only investigators to use an
intra—pocket treatment application.” This approach
bears technical similarity to site-specific antimicro-
bial therapies, such as Arestin® (minocycline HCL
1 mg) and PerioChip® (chlorhexidine gluconate),
which are widely regarded as successful.3?

Discussion of Host Immune Response: Twet-
man et al reported significant benefits for periodon-
titis patients chewing a double-dose (2 pieces) of
active gum a day.?® These benefits consisted of sig-
nificant reductions in the inflammatory mediators
TNF-alpha and IL-8, which are known to be associ-
ated with inflammatory tissue damage (p<0.05).
Since the group who chewed 1 active and 1 pla-
cebo piece (effectively receiving single-dose) did
not experience the significant drop in mediators,
it appears that the response may be dose-related.
However, the authors state that it was too early to
establish a treatment dosage based on these find-
ings and considered the study a pilot. Though these
subjects only chewed the test product for 2 weeks,
Twetman et al performed a follow-up evaluation of
the inflammatory marker levels again at 4 weeks
(2 weeks after test product use was stopped) and
found that the levels had returned to their values
at the first measurement, before any treatment.?3
The benefits were not long-lasting after treatment
ceased. The authors acknowledged that because
gingival crevicular fluid could only be collected in
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very small amounts, it’s hard to know whether the
measurement of inflammatory cytokines, such as
TNF-alpha and IL-8, was accurate.?® Previous in-
vitro research published in 2004 by Ma et al sup-
ports L. reuteri’s ability to modulate TNF-alpha,
IL-8 and other human inflammatory cytokines.33
Krasse et al state that the 2 strains of L. reuteri
they examined, LR-1 and LR-2, may have compli-
mentary host benefits, though the data supporting
this assertion, based on their own prior research,
are not presented or cited.?*

Though only the current smokers in the Shi-
mauchi et al study test-group showed significant
clinical improvements in probing depth and plaque
indices (p<0.05 and p<0.01), the test group as a
whole (smokers and non-smokers) showed sig-
nificantly decreased levels of Lf (p<0.01). Lf data
for the currently-smoking subset of test subjects
reflect these significant Lf reductions, but it was
unclear whether the non-smoking subset experi-
enced such a benefit when considered separately.??
L. salivarius WB21 may therefore be a periodontal
probiotic for smokers, but not necessarily for the
non-smokers.

The results of Staab et al suggested modulation
of the host’s immune response by L. casei Shirota
in the absence of mechanical plaque removal dur-
ing “experimental gingivitis.”?®¢ The re—elevation of
inflammatory marker (PMN elastase and MPO) and
MMP-3 levels after the “experimental gingivitis,”
while no probiotic was consumed, suggested that
the effects on immune response are not lasting. L.
casei Shirota did not seem to reduce plaque build-
up. The key finding was immunomodulation, as
demonstrated by altered levels of MPO, MMPs and
PMN elastase. Further research on this strain, such
as a comparison of delivery systems and a con-
trolled trial contrasting the probiotic to other types
of treatment, could expand the profile of L. casei
Shirota as a probiotic. This study was considered a
pilot study due to its limited scope and uncontrolled
variables, and more research is needed.?®

Conclusion

At this point in time, a dental professional’s re-
sponse to patient inquiries about probiotic treat-
ments for periodontal health should be cautious.
While supportive research exists, our understand-
ing of the complex and interconnected factors that
must be part of any treatment recommendation is
too undeveloped for us to offer such recommen-
dations to our patients yet. Much of the relevant
data is very recent, published in 2005 or later.
Overall, the results of these clinical and in-vitro
studies are encouraging to the development of ef-
fective probiotic treatments to help maintain and
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possibly help restore patients’ periodontal health.
However, further experimentation is needed. Peri-
odontal disease severity and other health factors,
such as systemic disease and lifestyle choices, are
variables that have not been fully explored, and tri-
als to establish the optimal delivery methods and
treatment schedule are still needed. Currently, L.
reuteri and several Streptococci species are avail-
able in formulations intended to support periodon-
tal health. Other species that possess promising
characteristics for probiotic periodontal use have
yet to be examined in clinical treatment. Finally,
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possible conflicts of interest exist within some of
the available studies, particularly the most conclu-
sive clinical trials. A thorough collection of clinical
trials from truly independent sources is needed be-
fore clinical application can be considered ground-
ed in science.

Allegra Raff, RDH, BS, is a practicing Dental Hy-
gienist in Washington, DC. Lynne Carol Hunt, RDH,
MS, is a Visiting Clinical Assistant Professor with
the Department of Dental Ecology at the UNC-CH
School of Dentistry.
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