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n the complex ecosystem of oral cavity, a micro-

scopic battle unfolds daily, shaping the delicate bal-

ance between health and disease. At the forefront
of this is the formation of dental plaque and bacte-
rial biofilm, which plays a fundamental role in the
development of one of the most prevalent oral con-
ditions known as periodontitis.! This multifaceted
and dynamic process involves a myriad of microbial
interactions and host responses, creating an intri-
cate interplay that, when disrupted, can result in the
destruction of periodontal tissues. The oral cavity
harbors a diverse and dynamic microbial community,
collectively referred to as the oral microbiome.? This
ecosystem plays a pivotal role in maintaining oral
health and the delicate equilibrium between com-
mensal and pathogenic microorganisms is crucial for
preventing the onset of oral diseases, with the bal-
ance tipping towards disease when this equilibrium
is disrupted.?

Dental plaque, a biofilm formed by the adhesion of
microorganisms to the tooth surface, is the precursor to
periodontal disease. The process of plaque formation
begins with the reversible attachment of initial colo-
nizers to the acquired pellicle, a thin layer of salivary
proteins that coats the tooth surfaces.*” Initial coloniz-
ers, primarily streptococci, adhere to the acquired pel-
licle through interactions with specific adhesins on their
cell surfaces.’ This reversible attachment is followed
by coaggregation between different microbial species,
creating a scaffold for the subsequent colonization of
additional microorganisms.** As microbial communi-
ties mature, they undergo a process of succession, with
early colonizers creating a favorable environment for the
recruitment of late colonizers.® This process involves the
development of complex microbial interactions and the
secretion of extracellular polymeric substances (EPS)
that form a protective matrix around the biofilm.*

Once established, dental plaque transforms into

a formidable structure known as bacterial biofilm.?
This three-dimensional, highly-organized commu-
nity of microorganisms presents a challenge to the
host’s immune system and provides a sanctuary for
the proliferation of pathogenic bacteria.* Within
the biofilm, bacteria communicate through a pro-
cess known as quorum sensing, enabling them to
coordinate their activities and respond collectively to
environmental changes.® This synchronized commu-
nication enhances the virulence of pathogenic bacteria,
allowing them to modulate gene expression, resist host
defenses, and adapt to the dynamic conditions within
the oral cavity.® The intricate interplay between dental
plaque, bacterial biofilm,and host factors sets the stage
for the development of periodontal disease.*

The initial stage of periodontal disease is gingivi-
tis, marked by inflammation of the gingival tissues in
response to the presence of dental plaque.® Although
gingivitis is reversible with effective oral hygiene
measures, the progression to periodontitis occurs
when the inflammatory process extends beyond the
gingiva to involve the deeper periodontal tissues.’
Periodontitis is characterized by inflammation of the
supporting structures of the teeth, leading to tissue
destruction, tooth mobility, and, ultimately, tooth loss.

The host’s immune response, designed to protect
against microbial invaders, paradoxically contrib-
utes to the pathogenesis of periodontal disease.” The
release of inflammatory mediators, such as cytokines
and prostaglandins, amplifies the local inflammatory
response, leading to collateral damage to the sur-
rounding tissues.®” Moreover, the chronic nature of
periodontitis perpetuates an ongoing cycle of inflam-
mation and tissue destruction.

THE CHALLENGE OF DENTAL BIOFILM AND
PLAQUE DISRUPTION AND REMOVAL

The multifaceted nature of periodontal disease
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1. HYBENX® gel for dental debridement. 2. A
clinical case of HYBENX® gel use. A & B: Before
treatment. C & D: HYBENX® application. E & F:
Scaling and root planing (SRP) after HYBENX®
application. (Case courtesy of Dr. Steve Barrett,
DDS Clinical Director at Greenberg Dental and
Orthodontics). 3. A clinical case of HYBENX®
gel use. A: Before treatment. B & C: HYBENX®
application. D: HYBENX® suctioned off and
rinsed priot to debridement. E : Scaling and root
planing (SRP) after HYBENX® application. (Case
courtesy of Dr. Daniel Garcia, M.S. Diplomate of
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the American Board of Periodontology)

demands a comprehensive therapeutic
approach that targets both microbial and
host factors. Current strategies focus on
disrupting biofilm formation, modulat-
ing the host’s immune response, and pro-
moting the restoration of a balanced oral
microbiome.? The battle against plaque
and bacterial biofilm in the oral cavity is
an ongoing struggle for individuals and
oral health professionals alike. While the
importance of effective plaque removal is
widely acknowledged, the inherent chal-
lenges in disrupting biofilm formation and
plaque removal pose significant obstacles.’

Adherence and tenacity of biofilm: A
primary challenge in plaque and biofilm
removal lies in the remarkable tenacity
of these microbial communities on tooth
surfaces.!” Bacterial adhesion is facili-
tated by specific adhesins that interact
with components of the acquired pellicle,’
making the initial attachment of microor-
ganisms reversible but subsequently lead-
ing to irreversible adhesion and biofilm
maturation.” The complex extracellular
polymeric substances further cement the
biofilm structure, creating a protective for-
tress that shields bacteria from mechanical

and chemical interventions.!!

Microbial coaggregation and succes-
sion: The process of microbial coag-
gregation within the biofilm creates an
environment conducive to the growth of
diverse microorganisms.’ The formation
of specific microenvironments and niches
supports the establishment of both com-
mensal and pathogenic bacteria, compli-
cating the task of selective removal.’o!!
The succession of microorganisms within
the biofilm adds another layer of complex-
ity, making it challenging to target specific
species responsible for disease progression.

EPS as a protective shield: Extracellular
polymeric substances, comprising poly-
saccharides, proteins, and nucleic acids,
contribute to the robustness of the bio-
film.1%" These substances create a phys-
ical barrier that hinders the penetration
of antimicrobial agents and mechani-
cal forces.” The resistance of biofilm to
conventional toothbrushing and flossing
emphasizes the need for innovative strate-
gies that can effectively penetrate and dis-
rupt the protective matrix.

The challenge of anatomy and access to
plaque removal: The diverse and intricate

anatomy of the oral cavity presents chal-
lenges in reaching and effectively clean-
ing all tooth surfaces. The complexity of
tooth morphology, including interprox-
imal spaces, occlusal surfaces, and areas
adjacent to restorations, makes it dif-
ficult to ensure comprehensive plaque
removal.'’ Inadequate access to certain
areas may result in persistent biofilm accu-
mulation and contribute to the develop-
ment of periodontal disease.”™ The tight
spaces between teeth pose a significant
challenge for effective plaque removal and
traditional toothbrushing may struggle to
reach these interproximal areas, leading
to the accumulation of plaque and bio-
film.” While dental floss and interden-
tal brushes can aid in cleaning between
teeth, patient compliance and technique
variability remain concerns. Occlusal
surfaces, fissures, and areas surrounding
dental restorations provide additional
hiding places for biofilm. The irregulari-
ties and crevices in these areas make com-
plete plaque removal difficult, increasing
the risk of bacterial colonization.! In the
case of restorations, the presence of mar-
ginal gaps and rough surfaces can further
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complicate biofilm removal and contrib-
ute to periodontal disease initiation and
progression leading to irreversible loss of
supporting tissues of teeth.

HYBENX® TECHNOLOGY

HYBENX® products operate through a
unique chemical process, functioning as
antimicrobial tissue cleansers or tissue con-
ditioning focal rinse agents. These products
actively detach pathological matter from
surfaces during application by employing
a superficial denaturing action, facilitated
by a proprietary chemical process. This
denaturing activity aids the mechanical
rinsing action of the product, effectively
removing targeted materials. Applica-
tion of HYBENX® products is designed
to complement standard dental treatment
methods. Formulated as dense, moderately
viscous liquids, they are typically applied
using a small irrigation syringe with a
dental applicator tip (Fig. 7). The product
is left in place for 10-30 seconds, depend-
ing on the situation, and then rinsed away
with water and evacuated (Figs. 2, 3).

The practitioners can apply HYBENX®
products whenever deemed beneficial,
with notable advantages in severe dental
conditions, such as heavy plaque and calcu-
lus buildup. In addition, pre-scaling appli-
cation can facilitate easier removal during
mechanical scaling, while post-scaling
application ensures removal of any resid-
ual plaque (Figs. 2, 3). A randomized split-
mouth clinical trial compared the effect
of Scaling and Root Planing (SRP) alone
versus SRP plus a desiccant (HYBENX®)
using clinical, microbiological,and inflam-
matory mediator analyses in patients with
chronic Periodontitis.’? Both treatments
improved the clinical, microbiological,and
inflammatory mediator outcomes. How-
ever, the SRP + desiccant treatment led to
a statistically significant improvement at
12 months of the Probing Depths (PD)
and Bleeding On Probing (BOP) com-
pared to the SRP alone.

The molecular mechanism of action
in HYBENX® products centers around
their role as powerful liquid contact des-
iccants. This property arises from their
concentrated blends of sulfonic/sulfuric
acids, which exhibit a strong affinity for
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water. Sulfate groups, present in the prod-
ucts, possess a polar internal structure with
outer oxygen atoms carrying a strong neg-
ative charge. When these sulfate groups
interact with water, they form reversible
hydrogen bonds, with the sulfate’s nega-
tive surface attracting the positive surfaces
of water molecules. The strength of hydro-
gen bonds is influenced by the polarity of
the groups involved, leading sulfate groups
to compete with other polar molecular
groups for water molecules. HYBENX®
has a potent affinity for water, allowing it
to generate new water molecules through
a dehydration elimination reaction. The
desiccating effect of concentrated sulfate
solutions stems from their successful com-
petition with tissue and material compo-
nents for water molecules.

Water molecules form contiguous
layers, or “shells,” around the sulfate sur-
face. Additional water molecules create
layers akin to an onion. As each shell
forms, the sulfate’s affinity for water
decreases due to dilution. The desiccation
intensity of HYBENX® products is deter-
mined during formulation by creating the
necessary number of water shells around
sulfate groups through water dilution.
This reduces the net negative polarity to a
desired level, preventing destructive reac-
tions or coagulative necrosis on contact
with healthy intact tissue. HYBENX®’s
effectiveness relies on its ability to com-
pete for hydrogen-bonded water on
specific oral tissue surfaces. Success-
ful competition leads to the absorption
of water, causing the structure of mole-
cules to become unstable. This instability
prompts chemical groups on the desic-
cated molecule to react, resulting in the
collapse into a new, stable arrangement.
However, this arrangement is nonfunc-
tional and abnormal, leading to molecular
denaturation within tissues.

Molecular denaturation, induced by
HYBENX®, results in the gross coagu-
lation of tissues. HYBENX®’s action is
limited to desiccating certain oral tissue
surfaces to the point of denaturation, with-
out causing destructive elimination reac-
tions or acidification. The components of
HYBENX®, being highly concentrated,
prevent adequate proton transfer into

tissue until the hydrogen bonding capacity
of the sulfate is exhausted and unbounded
water molecules become readily available.
In summary, HYBENX® operates by
desiccating oral tissues, inducing molec-
ular denaturation, and promoting tissue
coagulation without causing destructive
reactions or acidification until specific
concentration thresholds are reached.

The interaction of HYBENX® prod-
ucts with microbial biofilms represents
a unique application of this technology.
Microbial biofilms are common in wet
environments, such as teeth, where micro-
organisms attach to a surface and replicate.
As these microbes recruit others, they col-
lectively secrete a polysaccharide material
forming an extracellular matrix, creating a
biofilm. Research indicates that a signifi-
cant portion of microbes, including those
within the human body, reside within bio-
films. HYBENX® products exhibit a dis-
tinctive ability to eradicate dental plaque,
a form of microbial biofilm, through a
potent desiccating action.

Dental plaque, like other microbial
biofilms, possesses an aqueous polysac-
charide gel structure with adhesive prop-
erties, making it resistant to mechanical
shear forces and conventional cleansers.
HYBENX® products exploit the absence
of a protective surface structure in the
plaque matrix, allowing for rapid dena-
turation. This desiccation causes coag-
ulation and shrinkage of the matrix and
enclosed microbes, leading to detachment
from the tooth surface. This unique action
positions HYBENX® as a highly effec-
tive dental therapeutic agent for plaque
removal and microbial eradication, com-
pensating for the limitations of mechan-
ical anti-plaque techniques, antibiotics,
and antiseptics against biofilm microbes.

Recognizing the utility of contact des-
iccation as a mechanism to eradicate
dental plaque and microbial biofilms is
a key element of HYBENX®’s intellec-
tual property, as outlined in their pat-
ents. Standard plaque removal techniques
involve mechanical shear forces, which
are often ineffective due to biofilm resis-
tance. HYBENX® products are the first to
exploit a structural weakness in the biofilm
matrix, enabling easy and rapid eradication
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of both the matrix and plaque bacteria. For dental practitioners,
the adoption of HYBENX® products offers significant clinical
advantages. The application does not require expensive equip-
ment or specialized training, making it accessible for routine
use. Three main categories of benefits for practitioners include
improving the cost efficiency of procedures, expanding patient
care options without additional resources, and addressing the
link between oral inflammation and systemic disease.

In conclusion, HYBENX® products provide a novel approach
to eradicating microbial biofilms, particularly dental plaque,
through their potent desiccating action. The flexibility in appli-
cation methods and the three-fold benefits for practitioners
make HYBENX® a promising addition to routine dental care,
offering improved efficiency and expanded treatment options.
For clinicians, the technology’s ability to ensure a smoother and
faster calculus removal process leads to shorter and more conve-
nient appointments. On the patient side, the elimination of dys-
biotic biofilm represents a significant breakthrough. Beyond the
immediate improvement in oral health, patients benefit from
a reduced risk of complications associated with biofilm for-
mation. Overall, HYBENX® technology has the potential to
transform the treatment experience, making it a valuable asset
in modern dental care. B

Oral Health welcomes this original article.
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