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FROM EDITORS DESK

Dear Readers,

Welcome to another enriching edition of our publication, where knowledge meets curiosity
and insight sparks inspiration. In this issue, we're excited to feature a thought-provoking
exploration into the world of dental implants. Discover how these remarkable
advancements in dentistry are reshaping smiles, restoring confidence, and transforming
lives. Whether you're considering dental implants or simply intrigued by the intersection
of technology and oral health, this feature is sure to captivate your interest.

Additionally, we're thrilled to announce a call for papers for our upcoming issue, focusing
on the crucial topic of 'Oral Concerns of Systemic Diseases.' As we delve deeper into the
intricate connection between oral health and overall well-being, we invite experts,
researchers, and practitioners to contribute their insights, findings, and perspectives on
this vital subject.

Join us as we continue to explore the frontiers of knowledge, expand our horizons, and
empower our readers with information that matters. Here's to another enlightening
journey together.

For any inquiries, submissions, suggestions, please feel free to reach out to us at
editorksdj2023@gmail.com

Warm regards,
Editorial Team.

\

Dr. Mohan Kumar K. P
Hon. Editor

Dr. Patil Disha
Assistant Editor



PRESIDENT’S MESSAGE

Dear Esteemed Readers,

As the President of the Karnataka State Dental Journal, it is my privilege
to extend a warm welcome to all our readers.

Our journal has long served as a platform for the exchange of knowledge,
ideas, and innovations in the field of dentistry. It is a testament to the
dedication and expertise of our contributors, reviewers, and editorial
team that we continue to uphold the highest standards of academic
excellence.

In each issue, we strive to present cutting-edge research, insightful
reviews, and thought-provoking perspectives that reflect the dynamic
landscape of modern dentistry. We are committed to fostering
collaboration and dialogue among dental professionals, educators,
researchers, and students, both within Karnataka and beyond.

As we embark on this journey together, | encourage you to actively
engage with the content of our journal, to share your insights and
experiences, and to contribute to the advancement of dental science and
practice.

Thank you for your continued support and participation in the Karnataka
State Dental Journal. Together, let us continue to elevate the standards
of oral healthcare and make a positive impact on the lives of our patients
and communities.

Best wishes,

Dr. Bharath SV
President

IDA

Karnataka State Branch

Dr. Bharath SV
President



SECRETARY MESSAGE

Dear Colleagues,

Oral rehabilitation, especially the field of implant dentistry, has
significantly evolved in the last few decades. The
introduction/development of new tools, such as: The immediate
function concept, digital planning, standard dental implants with
different micro- and macro-designs, zygomatic implants, guided
surgery, prosthetic CAD/CAM solutions, regenerative solutions, or
standardized maintenance approaches with risk prediction, have
allowed us to overcome significant challenges and dramatically
improve patients’ quality of life. Today, there is a growing body of
evidence on the successful long-term outcomes of implant-supported
rehabilitation protocols that provides validation for their predictability
and safety.

Nevertheless, there is still margin for both exponential and incremental
growth in modern implant dentistry research, considering the
challenges and potential correlations between the implant geometry,
the biomechanical behavior, the biomaterials, the bone quality, the
patients” medical condition, and the surgical technique. Thus, research
on all of the advances, innovations, and outcomes is of interest in this
Special Issue of journal dedicated to implant dentistry.

Hearty congratulations to all the contributors for this edition of journal

Dr. Mahesh Chandra K
Secretary
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IMPLANT IMPRESSIONS — THE ULTIMATE NO BRAINER FOR A
SUCCESSFUL PROSTHESIS
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ABSTRACT

For a successful dental implant therapy, apart from Osseo integration of the implant to the bone, fit
of the prosthesis holds an equal weightage. To fabricate a passive fit prosthesis, the impression of
the implants needs to be accurately recorded. The precision of the impression made decides the fit
of the prosthesis and the connection of the components. There are several types of impressions in
implant dentistry like open tray, closed tray, digital etc. it depends upon the thorough knowledge
and understanding of the operator to choose the impression material of choice and the technique for
an error free prosthesis.

KEYWORDS - implant impressions, prosthesis, passive fit, open tray, closed tray, digital
impression, dental implants

INTRODUCTION upon how accurately have the impressions
been made and transferred to receive the
copings. Accurately relating an analogue
of the implant or implant abutment to the
other structures in the dental arch is a
prime factor for prosthesis success. Further
the accuracy of impression is affected by
the selection of impression tray,
impression  technique and type of
impression ~ material, number  and
angulation of implant. 2

Dental Implants are no foreign term to the
laymen. Currently Implants have become a
common means for replacing missing teeth
and restoring back the smile, chewing
ability and confidence that the patient has
always wanted. Various factors play an
important role in the long-term success of
an implant. One of the key factors in
maintaining longevity is the passive fit of
implant prosthesis. A passive fit implant is

a Strain- free superstructure that does not OBJECTIVES OF AN IMPLANT
provide load to any of the components. IMPRESSION

The discrepancies in passive fit of 1. Accurately positioning the prosthetic
prosthesis may lead to complications such components to the Osseo-integrated
as screw loosening, screw facture, occlusal implant fixture.

discrepancies, and increased plaque 2. Accomplice the superstructure in such
accumulation, resulting in loss of Osseo a way that Maximum esthetics and
integration and implant fracture. The emergence profile is achieved.

success of a passive fit prosthesis depends
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3. Harmony to be maintained between ii. Selecting abutments in the laboratory
hard tissue and soft tissue. i For custom-made abutments®

The amalgamation of all the following
steps combines in making an accurate and
hassle-free implant impression.

a. ldentification of correct implant
components.

b. Selection of custom tray - Can be
stock or custom trays.

c. Choosing impression materials -
accurate, easy to mix, biocompatible,
dimensionally stable.

d. Selecting the screw-driver - hex -
either external or internal depending
on the implant-abutment system.

e. Healing caps or abutments.

- Impression copings and abutments.®

Implant level impressions*

The implant level impression is a universal
impression technique allowing for the
fabrication of any type of restoration. This
impression gives greater flexibility for the
selection and modification of an abutment
by a laboratory technician.

There are two primary techniques for
implant level impressions:

e The indirect (closed tray) technique and
e The direct (open tray) technique.

The direct technique may use:

e Splinted or

e Non-splinted implant impression copings
Abutment Level Implant Impression®

If there is a requirement to replace old
implant supported crown, abutment level
impression is indicated just like crown and
bridge cases

Advantages of Abutment level impressions

I. Simple restoration

fabrication

provisional

TECHNIQUES FOR IMPLANT

IMPRESSION

1. Fixture level impressions - The
impression coping is connected to the
top of the implant fixture (body of the
implant).  After a fixture-level
impression is taken, the abutment can
be selected right on the model where
the superstructure can also be
fabricated. (fig 1)

2. Abutment level impressions
Abutment level impression is a method
of taking an impression by connecting
the abutments to the top of the implant
fixture (body) and subsequently
connecting the impression copings to
them. The connected abutment in the
oral cavity is not removed in the
abutmentlevel

impression.  (fig 2)
Abutment level \ Implant level |

It has been reported that the accuracy of
the implant-abutment level impression is
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higher when the pick-up technique is used
as opposed to conventional crown and
bridge  impression technique’.  The
fixturelevel technique failed to be as good
as abutment-level technique in terms
accuracy of angle of implants showing
mostly linear errors.

3. Open Tray Technique—-In this
method, the impression coping is
connected to the fixture in the oral
cavity. The tray from which
impression is to be made is made a
hole along the coping. Material of
choice is loaded and after the
impression  material hardens, the
impression is unfastened from coping’s
screw from the open tray. The
impression body, and the impression
coping is removed together with the
impression body from the oral cavity.
(fig 3,4)

(fig 3,4)

4. Closed Tray Impression Technique—
Here a Stock tray or a Custom tray is
used. A regular impression is made and
as the impression material polymerizes

the impression is dislodged from the
closed tray impression copings.
Thereafter impression copings are
removed and implant or abutment
analogs are attached to the copings.
This then goes into the impression
body during what is called a transfer
process. The combined coping-analog
assembly is then inserted into the

definitive impression. (fig 5)
¢ " ™ <

|
W‘ ~x
= 3 g 5

Provisional Restoration - Another
method of transferring soft tissue
information is  incorporating  the
provisional  restoration into  the
impression. When screw retained
restorations are used, the provisional
restoration itself can be used as a pick
up type impression coping. A soft
tissue cast is poured around the
exposed  provisional  after an
impression coping is attached; yielding
a soft tissue cast which is identical to
the soft tissue form intra orally. This
allows communication of some vital
information  to  the  technician
fabricating the definitive restorations®.

(Fig 6)
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6. Digital impressions - With the
expanding use of digital/computerized
impressions, implant systems provide
scan bodies that allow for capture of
the relationship of the implant
connection to adjacent structures more
accurately through sensors. This
negates or reduces the wuse of
traditional impression materials. In
order to take a digital impression of an
implant, the first thing you need to do
IS acquire the proper Intra-oral scan-
body. Scan-bodies are specific to the
brand of implant. They attach directly
to the implant, much like a traditional
impression coping, and are present
during the digital scan. The foremost
common scanning principles utilized
by intraoral dental scanners on the
market are triangulation, active wave-
front sampling, and parallel confocal
optical device scanning °.

* |5 OO0 Wil
. ﬁ?:" i\

Some tips for making an accurate Implant
Impressions

e Use correct size tray as per the arch,
preferable to use a customized tray

e Use a Vinyl glove for rubber based
impression material as it prevents
retardation of setting of the impression
material from the interaction of latex
gloves

e During open tray technique, make sure
to block the impression material from
entering the impression posts

e It has been shown that the pickup type
impression coping is the more accurate
type of impression as errors occur on
removal and replacement of the
transfer type impression copings,
especially in the occluso-gingival
direction, 10-13

Additional Impression Techniques®

Lorenzoni et al compared three different
impression materials (polyether, polyvinyl
siloxane, and hydrocolloid) and transfer
caps with the Frialit(R)-2 system and with
the indirect technique to improve transfer
precision. A three-dimensional (3D) co-
ordinate measuring machine determined
that that addition-silicone (a-silicone) and
polyether are superior materials for
implant transfer procedures. Transfer caps
“significantly reduced rotation in the XY-
plane but did not improve the absolute 3D
displacement,” they concluded.

Wee et al have noted that die systems used
for multiimplant casts are crucial for
obtaining optimum intraoral fit in accord
with painstaking prosthodontic procedures
accompanying implants. The in vitro study
compared “the accuracy of implant casts
fabricated from three  conceptually
different die systems at the solid,
sectioned, and repeated stages.” They used
a polyether impression material to make
30 direct transfer implant impressions of
the master cast. They made 10
experimental implant casts for each of
three die systems: double-pour (Pindex),
plastic base (DVA), and die tray (KO



Tray). Analysis of measurements led them
to recommend a double-pour or plastic
base die system when a multi-implant-
retained prosthesis requires sectioned dies.

Chee et al. suggest to use an open custom
tray which is rigid, to allow access to the
retaining screws of pick up impression
copings, to use a polyvinyl siloxane
impression material with adhesive applied
to the custom tray and poly ether as a soft
tissue cast material'*

Studies also show that cast accuracy was
not affected by impression material
viscosity, wusing a stiffer impression
material around the impression coping or
cap did not produce more accurate casts
with either the closed tray indirect or direct
technique. Cast accuracy was affected by
the impression technique. The closed
tray/indirect impression technique using
screw-on metal impression copings at the
implant level yielded more accurate casts
than the closed tray/direct impression
technique with plastic impression caps
used at the abutment level®

CONCLUSION

Implant Dentistry is ever evolving with
invention of new techniques, procedures
and materials. To obtain a perfect fit, a
precise impression is a must. As a clinician
it should be in our knowledge to select the
right type of impression technique and
material that best suits the case in order to
achieve best fit and avoid errors in
prosthesis.
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ABSTRACT:

The success of dental implants hinges on various important factors of which a meticulous
surface treatment is a pre requisite. The surface of these implants plays a crucial role in the
process of osseointegration. Modifying the implant surface through various treatments
enhances osseointegration, promotes healing, and reduces the risk of complications. This
article delves into various key aspects of surface treatment, elucidating the significance,
methods, and outcomes in enhancing the performance of a dental implant.

Keywords: Implant, Surface Treatment, Osseointegration.
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INTRODUCTION:

Modern dentistry aims for nothing less than
complete restoration: bringing back patients’
natural smile, confident bite, comfortable
chewing, and clear speech, all while
safeguarding their oral health. This mission
reaches its full expression in the field of implant
dentistry.

When a diseased tooth needs removal, or
replacing missing teeth becomes necessary,
dental implants shine as the most advanced and
impactful solution. They go beyond merely
filling a gap; they revolutionize patients’ oral
wellbeing.  Unlike traditional  prostheses,
implants fuse effortlessly with the jawbone,
mirroring the stability and function of natural
teeth. This unique bond offers aesthetics as well
as restores the function. 2

The success of dental implants hinges on various
important factors of which a meticulous surface
treatment is a pre requisite. The surface of these
implants plays a crucial role in the process of
osseointegration. Modifying the implant surface
through various treatments enhances
osseointegration, promotes healing, and reduces
the risk of complications. This article delves into
various key aspects of surface treatment,
elucidating the significance, methods, and
outcomes in enhancing the performance of a
dental implant.®!

IMPORTANCE OF SURFACE
TREATMENT:

Dental implants are not mere replacements
for missing teeth; they are engineered to
seamlessly integrate with the jawbone. Surface
treatment plays a pivotal role in this integration,
influencing the implant's ability to bond with
surrounding  tissues  [osseointegration]. It
improves biocompatibility, minimizing the risk
of inflammation or rejection and promoting a
harmonious interaction between the implant and
the body's tissues. Surface treatments, such as
altering surface roughness or applying coatings,
enhance the mechanical stability of the implant,

ensuring it can withstand functional forces and
providing long-term support. Surface treatments
like anodic oxidation create protective layers,
reducing the risk of corrosion and increasing the
lifespan of the implant. It optimizes the
implant's surface characteristics to facilitate
tissue integration, contributing to improved
aesthetic outcomes and functional performance.
Effective  surface  treatment  contributes
significantly to the overall success of implants,
ensuring they remain stable, functional, and

aesthetically pleasing over an extended period.
[12]

CLASSIFICATION OF SURFACE

TREATMENT FOR DENTAL IMPLANTS
(1

PHYSICAL (AND SUBTRACTIVE)
METHODS OF SURFACE TREATMENT

1. Machined surface
Abrasive/sandblasting with grit media
Laser Ablation

Nanoparticle compaction

Plasma Cleaning

Porous tantalum trabecular metal

o gk wn

CHEMICAL (AND ADDITIVE) METHODS
OF SURFACE TREATMENT

1. Acid etching

2. Alkaline treatment

3. Anodization of the surface

4. Peroxidation

5. Fluoride treatment

6. Vacuum treatment

7. Plasma coatings and surface treatments

BIOLOGICAL/BIOMIMETIC  SURFACE
TREATMENT METHODS

1. Bioactive coatings

2. Attachment of peptides

3. Attachment of antibiotics

4. Attachment of growth factors

5. Attachments of remodelling factors
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PHYSICAL (AND SUBTRACTIVE) METHODS OF SURFACE TREATMENT

Sl.no | Technique | Properties Procedure Advantages Disadvantages
1. Machined The machined | It is the basic state of Good initial Lower osseointegration
surface 12 implant is turned, | dental implants  after stability. potential.
milled, or polished. | manufacturing without any
_ N additional  chemical or Ease of The lack c_>f surface
It is ml_nlmally mechanical alterations. placement. roughness might lead to
rough, with a . decreased long-term
surface area Rgduced risk of bone integration in
roughness (Sa) value micro-cracks. some cases.
0r0.3-101m.9 Reduced risk of Machined surfaces
bacter_lal might not be suitable
adhesion. for all patients or all
implant placements due
to low osseointegration
potential.
2. Sandblasting | Abrasive  particles | The implant surface is Simple and Inconsistent surface
1 like alumina or sand | thoroughly cleaned and cost-effective. texture.
create microscopic | degreased and placed in a .
craters and grooves | sandblasting chamber. Increases Patential for long-term
on the implant | Fine particles of Al203 is SPrf‘i‘C_e area wear and tear due to
surface. propelled under controlled significantly. rough surface.
pressure using air or Well- Potential for residual
steam.  The  abrasive established abrasive particles.
particles  impact  the technique.

implant surface creating

microscopic irregularities
and increasing surface
area.

Less increase in surface
area compared to
sandblasting.

Potential for long-term
reduction in bioactivity
due to altered titanium
oxide layer.
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Laser High-precision laser | Implant surface is | @ Highly e Relatively new
Ablation #51 | beam creates thoroughly  cleaned to controlled and technique.
specific patterns or | ensure laser beam precise. .
textures on the interaction. A specific o Less clinical  data
implant surface at laser type, like an * A!IOWS for compared  to  other
the nanoscale. tailored surface methods.
Er:YAG laser, is chosen features based . .
based on desired ablation on need. ¢ Pote_ntlally hlghe_r (?OSt’
patterns and properties. . requires specialized
The laser beam | ® Potentially equipment.
ablates/removes the TiO- enhances initial
layer on the implant bone cell
surface, creating precise attachment.
micro and nano scale
features like pits, grooves
or even complex
biomimetic structures.
Pulse duration, energy and
beam focusing determine
depth, size, ad shape of the
ablated features allowing
for tailored surface
modification.
Plasma Plasma Implant is  thoroughly | @ Improves e Does not directly create
Cleaning %" | bombardment cleaned and placed in a initial  surface surface roughness.
removes vacuum chamber filled properties .
contaminants  and | with oxygen or argon gas. before  other | ® Limited impact on bone
increases surface | An electrical field treatments. cell attachment.
wettability. microwave frequency o Simple and | ® Typically used as a
eXCItES the gaS m0|ecu|eS effe(?uve for preparatory Step rather
creating a highly reactive cleanin than an independent
plasma, composed of ions g treatment.

electrons and free radicles.
The  energetic plasma
particles bombard the
implant surface, removing

organic contaminants,
oxides and impurities
through a combination of
sputtering (material
gjection) and chemical
reactions. Depending on
the plasma gas, the

cleaning process can also
activate  the  surface,
increasing its wettability
and creating functional

5




groups for  subsequent
modification with coatings
or biocompatible
molecules. Finally, the
chamber is vented and the
implant is removed.

Nanoparticle

Nanoparticles of

The implant surface is

Enhanced

Precise control and

Compaction | titanium, thoroughly cleaned. Fine osseointegratio uniform deposition of
(8] hydroxyapatite, or | particles of biocompatible n nanoparticles  require
other biocompatible | materials like specialized equipment
materials are | hydroxyapatite, Cas(POas)> Ir_nproved - and expertise.
deposited and | or TiO; are suspended in a biocompatibilit i
compacted onto the | liquid. The nano particle y: More EXpensive
implant surface. suspension is applied to Enhanced treatment PP“O”
_ the implant surface, and mechanical compared to traditional
This creates a dense, o ) . methods.
. pressure  or  specific properties like
nanocrystalline layer ; : . ;
- ) physical process like high wear resistance
with increased beams are used to i
surface area and energy and__ implant
: compact the stability.
bone-like structure. nanoparticlesonto the
surface, creating a dense Nanoparticles
nanofilm  layer, which can be
might be further treated functionalized
with heat or chemical to deliver
solutions to enhance its specific  drugs
stability and bioactivity. or growth
factors to the
implant site.

Porus PTTM is typically | The core of the implant is Enhanced Relatively  expensive

tantalum 80-90% porous, | made up of strong and osseointegratio material compared to

trabecular mimicking the | biocompatible material n traditional surface
metal spongy structure of | like titanium alloy. A The increased treatment methods.
[9.10] natural bone. This | highly  porous  mesh surface  area .

(PTTM) allows for bone | structure is formed from promotes blood Man.ufactL.erg and
ingrowth into the | medical grade tantalum vessel growth manipulating P,TTM
implant, promoting | metal through processes and nutrient can b,e techm(_:a}lly
a stronger and more | like  chemical  vapour exchange, dem:_:m(_jmg, requiring
stable bond. deposition or mechanical potentially speuallzeo! equipment

forming. Then the accelerating and expertise.

tantalum mesh is bonded bone  healing Brittleness: The porous
or affixed to the around the nature of PTTM can
midsection around the implant. make it more

body of the implant. The

susceptible to fracture




coronal and apical parts of
the implant remain as the
originally fabricated
titanium alloy, providing
screw like threads for
secure anchoring in the
jaw bone. It can also
further undergo  micro
texturing or coating with
hydroxyapatite to further
enhance osseointegration.

PTTM can be
applied to
various implant
materials,
including
titanium
cobalt-

chromium
alloys.

and

compared to

metal.

solid

CHEMICAL (AND ADDITIVE) METHODS OF SURFACE TREATMENT

Sl Technique | Properties Procedure Advantages Disadvantages
no
1 Acid Mild acid solution | Thoroughly cleaned implant is Offers  more Less increase in
etching 1112 | dissolves ~ small | immersed in HCI, H,SO, or control  than surface area
portions of the | HNOs, often at elevated sandblasting. compared to
titanium oxide | temperatures. The acid Smoother sandblasting.
layer, creating | dissolves a thin layer of TiO, surface Potential for
microscopic on the implant surface creating compared to long-term
irregularities. microscopic pits and grooves sandblasting. reduction in
increasing surface area. Later Good option bioactivity due to
the implant is exposed to a for combining altered titanium
neutralizing solution to stop with other oxide layer.
etching process and treatments.
thoroughly rinsed.
82. | Alkaline The alkaline | Implant surface is thoroughly The combined The long-term
treatment solution  creates | cleaned and immersed in a effect of clinical data
(23] microscopic pores | controlled solution of strong increased regarding
and irregularities | alkaline solution like NaOH or surface alkaline surface
on the implant | KOH. The alkaline solution roughness and treatment is still
surface, enhancin | dissolves a thin layer of TiO; wettability limited.
g its | similar to acid etching but with potentially The optimal
roughness. This a slightly different surface leads to parameters  for
increased surface | topography. It might also improved alkaline
area promotes | induce formation of a nano bone cell treatment  may
bone cell | crystalline layer on the attachment vary depending
adhesion and | surface. Implant is treated with and faster on the implant
blood vessel | a neutralizing solution and osseointegrati material and
ingrowth, facilitat | thoroughly rinsed to remove on desired  surface

ing

Reduced risk
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osseointegration.

The alkaline
treatment  alters
the implant's
surface
chemistry, makin
g it more
hydrophilic.

any residual alkaline material.

of peri-
implantitis.
Potential ~ for
improved
long-term
success.
Maintains the
original
chemical
composition
of the implant
material.

characteristics.

Anodization
[1,14]

Creates a titanium
oxide layer on the
implant  surface,
improving
biocompatibility
and
osseointegration.
Imagine a thin,
protective  shell
that makes the

implant more
comfortable  for
bone tissue to

interact with.

The implant surface is
thoroughly  cleaned.  The
implant acts as the anode in a

specialized  electrochemical
cell containing specific
electrolyte  solutions  like

HsPO, acid or HF acid. A
controlled voltage is applied
between the implant (anode)
and a cathode (usually
platinum) within the
electrolyte solution. Under the
applied voltage, titanium oxide
forms on the implant surface,
and in specific conditions, this
oxide layer self-organizes into
highly ~ ordered titanium
dioxide nanotubes.  The
voltage, electrolyte
composition, and other
parameters  determine  the
nanotube diameter, length, and
morphology, tailoring the
surface  characteristics  for
specific functions. Additional
functionalization of  the
nanotubes with biocompatible
molecules or coatings can

further enhance
biocompatibility, drug
delivery, or  antibacterial
properties.

Enhances
biocompatibili
ty.

Promotes bone
cell
attachment.
Provides long-
term stability.

May  decrease
wettability
initially.
Requires specific
equipment  and
expertise.




Plasma Bombards the | The implant surface is Creates a Relatively new
Immersion | implant  surface | thoroughly cleaned and placed biomimetic technique  with
lon with specific ions | in a vacuum chamber filled surface limited long-
Implantatio | (calcium, with a specific gas, often promoting term data.

n 671 phosphorus)  to | nitrogen or titanium vapor. An strong Requires
mimic bone | electrical field or microwave osseointegrati specialized
composition. It's | frequency excites the gas on. equipment and
like  embedding | molecules, creating a highly Improves expertise.
tiny bone-like | ionized plasma composed of corrosion
building  blocks | ions and electrons. A pulsed resistance.
right into the | high voltage is applied to the
implant's surface. | chamber, accelerating the

plasma ions towards the
implant surface. The energetic
ions bombard the implant
surface, penetrating and
embedding themselves within
the outer layers. This modifies
the surface
composition, creating a
nitrided (TiN) or oxidized
(TiO2) layer depending on the
gas used.

Vacuum Vacuum Sputter  deposition: In  this The increased Limited clinical

treatment 1

treatment utilizes
low-pressure
environments to
increase the
surface energy of
the implant. This
promotes
improved
adhesion between
the implant and
subsequent
surface
modification
layers like
coatings or hio
actives.

technique, a target material is
bombarded with high-energy
ions, which sputter atoms off
the target. These atoms travel
through the vacuum chamber
and condense on the implant
surface, forming a thin film
coating.

Arc-PVD: Similar to sputter
deposition, but the target
material is vaporized using an
electric arc instead of ion
bombardment. This results in a
higher deposition rate and
denser film coatings.

Electron beam-PVD (E-beam
PVD): In this technique, a
high-energy electron beam
vaporizes the target material,
which then condenses on the
implant surface. E-beam PVD

surface energy
facilitates
better bonding
between  the
implant and its
surface
modification.
Clean and
controlled
surface.
Tailored
surface
properties.

data.

Often  requires
specialized
equipment  and
expertise, potenti
ally increasing
the cost and
technical
complexity  of

the implant
manufacturing
process.

Material
compatibility
concerns.




offers excellent control over

the  film  thickness and
composition.
6. Peroxidatio | Peroxidation can | The implant is thoroughly | @ Faster bone | @ Long-term
n [9:10] create cleaned and immersed in a cell clinical data on
microscopic hydrogen peroxide solution or attachment peroxidation's
irregularities on | exposed to a hydrogen and improved effectiveness s
the implant | peroxide vapor. osseointegrati limited.
surface, enhancin . on, potentially | @ Precise control
g its Tr_'e hydrogep p(_arOX|de reacts shortening of peroxidation
roughness. This W'th. the t'Fan".Jm su_rfa_c € treatment parameters is
increased surface cre_atmg a_fitanium dioxide times and crucial to
area promotes cell (T_'OZ) gel Iaye_r. The enhancing achieve desired
adhesion and th_lckness and properties of the implant surface
blood  vessel | 1102 g€l layer can be | gy modifications
ingrowth, facilitat controlled_ by varying the e Reduced without
ing concentration and temperatl_Jre bacterial damaging  the
osseointegration, | Of the  hydrogen —peroxide | o400 implant material.
solution, as well as the e Cleaner e Potential for
It can remove | exposure tlme. The 'I_'|_02 gel surface. metal ion
organic layer is typically stabilized by L release
contaminants and | heat treatment or other | €5 '
. . . aggressive
potentially  etch | methods to improve its than acid
away a thin layer | durability. etching
of metal oxides . . . '
The implant is then rinsed and
prepared for further processing
or implantation.
BIOLOGICAL/BIOMIMETIC SURFACE TREATMENT METHODS
Sl. | Technique | Properties Procedure Advantages Disadvantages
No
1. Bioactive Composed of | The implant surface is | e Enhanced e Technical
coatings biocompatible thoroughly cleaned. rapid complexity.
[2,5,12] H - .
rTyac;[fngZpatitel,lke _Sol-gel:' This mef[hod invqlves ;Zsri ointegra e Potential for
bioactive glass or immersing the |mpla_nt in a Qelamination due to
polymers. liquid precursor solutl_on t_hat ° Improved _ improper
gels and forms a thin film biocompatib application or
These  materials | coating upon drying or ility as insufficient
directly bond with | heating. This method is mimicking bonding.
bone tissue | relatively simple and natural bone )
forming a strong | versatile, allowing for precise composition * Expfepswe than
mechanical and | control over the coating minimizes traditional methods.

10
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chemical
connection.

thickness and composition.

The specific coating material
used will depend on the
desired properties:

Hydroxyapatite (HA): This
naturally occurring calcium
phosphate ceramic mimics the
mineral composition of bone,
promoting bone cell
attachment and growth.™

Bioactive glasses: These
glasses dissolve in the body
fluid over time, releasing ions
that stimulate bone formation
and create a strong bond with
the implant surface.

Biopolymers: These synthetic
or natural polymers can be
tailored with specific
functionalities, such  as
promoting cell adhesion or
releasing antibacterial agents

After the coating is applied, it
may require further
processing, such as heat
treatment or chemical
stabilization, to improve its
adhesion and durability.

The implant is then rinsed and
prepared for further
processing or implantation.

inflammatio
n and tissue
rejection.

Potential for
drug
delivery.

Limited  material

choices.

Attachment
of peptides

[15,16,3]

Synthetic or
natural  peptides
are attached to
implant  surface
via chemical
bonding or
adsorption.

They target
specific receptors
on bone cells
promoting  their

The implant surface is
meticulously cleaned. The
specific peptide sequence
used will depend on the
desired  outcome. Different
peptides can target various
biological processes, such as
promoting bone cell
adhesion, inhibiting bacterial
growth, or triggering tissue
regeneration.

Targeted
osseointegra
tion.

Improved
biocompatib
ility.
Antibacteria

I and anti-
inflammator

y

e Technical
complexities
like precise
peptide
selection,
immobilization
techniques etc

e Developing and
applying
peptide
coatings can be

11
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attachment  and
growth. They also
act as signalling
molecules,
stimulating bone
formation.

There are several methods for
attaching peptides to the
implant surface, each with its
own advantages and
limitations.

Direct binding: Certain
peptides can spontaneously
bind to the titanium surface
through electrostatic
interactions  or  physical
adsorption. This method is
simple but may not be as
stable or controlled as other
approaches.

Self-assembled  monolayers
(SAMs): This technique
involves  pre-coating  the
implant surface with a
specialized molecule that acts
as a linker between the
implant and the peptide. The
linker molecule can be
tailored to achieve specific
chemical interactions with the
desired peptide sequence.

Chemical  conjugation: This
method involves covalently
attaching the peptide to the
implant surface using
chemical linkers. This
provides a more stable bond
but requires careful selection
of the linker and reaction
conditions.

potential.

Controlled
drug
delivery.

expensive than
traditional
surface
treatments.

Attachment
of  growth

factors
[15,17,3]

Growth
naturally
occurring
signalling
molecules are
immobilized onto

factors,

the implant
surface  through
various methods
like chemical

The implant surface
undergoes meticulous
cleaning and degreasing to
remove any impurities. The
specific  growth  factor(s)
chosen depend on the desired
outcome. Popular choices
include:

Bone morphogenetic proteins
(BMPs): These potent factors

Enhanced
osseointegr
ation.
Potential for
reduced
implant
size. Faster
bone
integration
is possible

Technical
complexity.

Expensive due to
growth factors and
specialized
procedures.

Overdoses or
unintended effects
of growth factors

12
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binding,
encapsulation etc.
they attract and
activate bone
forming cells
stimulating their
proliferation
leading to faster
bone growth
around the

stimulate bone formation and
are key for osseointegration.

Fibroblast growth factors
(FGFs): They promote blood
vessel formation and soft
tissue healing around the
implant.

Platelet-derived growth factor
(PDGF): This factor

with the use
of smaller
implants.

Improved
bone
quality.

Potential for
tissue
regeneration

can lead to
overgrowth of
bone,

inflammation.

Limited long term
data.

implant. stimulates soft tissue and bone thus
Growth  factors cell growth, contributing to improving
like BMPs, both soft tissue integration aesthetics.
Platelet  derived and osseointegration.
growth factors are | Diverse techniques exist for
been used. attaching growth factors to the
implant surface:
e Direct binding
Self-assembled
monolayers (SAMSs)
e Chemical
conjugation:
e Carrier matrices
Following  growth  factor
attachment, the implant may
undergo further processing
like rinsing, drying, or
sterilization, depending on the
specific method used.

Attachment | Specific Antibodies targeting specific Targeted Technical

of antibodies are | oral pathogens can be action due complexity.

antibodies immobilised onto | immobilized on the implant to their .

[15,16] the implant | surface, potentially preventing unique High _COSt for
surface  through | bacterial adhesion and biofilm specificity, de_v_el_oplng z_ar!d
physical or | formation, the initial steps in directing ““'_'Z'”Q specific
chemical peri-implantitis development. their effects antibodies.
methods.  They . ) towards imi -
target and bind to Metlcul_o us cleanlng and specific g;?;fted fong- tem
specific molecules degrea_smg of _the imp lant. molecules
or cells acting like | C00SINg the right antibody or cells. Off target binding
highly precise depends on the de5|_red or unexpected
“locks” with | target. Antibodies against Enhanced interactions  with
designated spec?fic. bacterial osseointegra immune  systems
“heys”. species, inflammatory tion. require careful

factors, or cell surface

13
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receptors are
candidates.

potential

Several methods are currently
being explored for antibody
attachment:

a) Certain antibodies can
directly bind to the titanium
surface  through  physical
adsorption or electrostatic
interactions b) Pre-coating the
implant ~ with  specialized
linker molecules facilitates
controlled attachment of the
antibodies. This method offers
better stability and allows for
tailoring the linkers to specific
antibody interactions.

c) Covalently bonding the
antibodies to the surface using
chemical linkers provides the
most robust attachment but
requires careful selection of
compatible linker chemistry
and reaction conditions. d) d)
Polymers, hydrogels, or other
biocompatible materials can
encapsulate and release the
antibodies over
time, providing a sustained
local delivery at the implant
site.

After antibody attachment, the
implant may undergo further
processing like
rinsing, drying, or
sterilization, depending on the
specific method used.

Reduced
inflammatio
n and
infection
risk.

Antibodies
could be
tailored to
individual
patient
needs.

investigation.

Attachment
of
remodelling

agents
[15,18,19]

Remodelling are
molecules that
specifically

influence  bone
turnover,  either
stimulating bone
formation or

Meticulous cleaning and
degreasing ensure optimal
binding of the remodelling
agents.

Remodelling agent selection:

A) Bisphosphonates: These

Enhanced
osseointegra
tion.

Faster
healing

Improved

Technical
complexity.

Expensive
procedure.

Overdose

or

unintended effects

14
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inhibiting  bone
resorption.
Several types of
remodelling are
being  explored
like
bisphosphonates,
parathyroid
hormone
fragments and
synthetic
peptides.

molecules inhibit ~ bone
resorption by binding to
specific sites on  bone-
resorbing cells.

B) Runx2 activators: These
agents stimulate bone
formation by activating
Runx2,a key transcription
factor involved in bone cell
differentiation.

C) BMP inhibitors: While
BMPs typically promote bone
formation, specific inhibitors
could be used to fine-tune
bone remodelling around the
implant.

D) Antimicrobial
peptides: These peptides
combine bone remodelling

properties with antibacterial
activity, potentially targeting
both bone integration and
peri-implantitis prevention.

Remodelling agent
immobilization is done by

e Direct binding
e Self-Assembled
Monolayers (SAMs)

e Chemical conjugation
1. Carrier matrices
After agent attachment, the
implant may undergo further
processing  like  rinsing,
drying, or  sterilization,
depending on the method
used.

bone
quality.

Reduced
risk of peri-
implantitis.

of some agents can
lead to unwanted
bone remodelling
patterns or systemic
side effects.

Limited and long-
term data.
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CONCLUSION

As we delve deeper into the science of
dental implants, the intricate relationship
between surface characteristics and
osseointegration becomes increasingly clear.
Researchers are vigorously exploring new
surface treatments and chemical modifications,
understanding how they impact cellular and
biological processes at the implant site. While
current success rates surpass 90%, significant
advancements may lie ahead, especially in
improving outcomes for patients with weaker
bones or underlying medical conditions.
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ABSTRACT:

The success of dental implant therapy is intricately linked to the health and stability of the
surrounding periodontal tissues. This review article comprehensively examines the critical
periodontal considerations essential for the long-term success of dental implants. It explores
the multifaceted relationship between peri-implant tissues and periodontal health,
encompassing factors such as soft tissue management, bone morphology.The review delves
into the importance of adequate keratinized tissue around implants to maintain optimal soft
tissue health and stability. Moreover, the review provides insights into the management of
peri-implant diseases, outlining various therapeutic modalities and preventive strategies
aimed at preserving peri-implant health and minimizing.
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1. INTRODUCTION

Implant Dentistry has been the
fastest growing treatment modality in
dentistry for the past 20 years.Dental
implants have been shown to successfully
replace missing teeth while providing all
restorative functional needs. Techniques
and materials have been developed over
the years to facilitate a high degree of
clinical success. Nonetheless, the ultimate
long-term success of implants is largely
relied upon the interface between implants
and their surrounding tissues, both soft and
hard tissues.

Periodontology, Oralsurgery,
restorative dentistry and prosthodontics all
play their essential roles in the placement
and maintenance of oral implants, but the
principles of periodontal therapy probably
play the most important role in influencing
the final success of treatment.

Successful rehabilitation of
osseointegrated  implants is  largely
dependent on patient selection and

preservation of meticulous surgical and
prosthodontic protocols. One of the factors
for implant success and or failure could be
the ability of mucosa to provide an
adequate  seal  between the oral
environment and the implant,mucosa to
provide an adequate seal between the oral
environment and the implant, with its
superstructure piercing the mucosa. It has
been claimed that absence of a seal leads
to inflammation of the marginal
connective tissue with subsequent loss of
the implant. Basic differences between
tooth and implant are given in Table 1 and
Figure 1.

The osseointegrationatthe  hard
tissue interface has been well established

19

in most implant systems. However, the
importance of the soft tissue interface,
which forms the barrier or biological seal,
has been increasingly recognized as
afundamental factor to implant
success. The implant—soft tissue interface is
referring to the soft tissue in contact with
mainly the implant abutment surface.

Indeed, this review sheds light on
the paramount importance of periodontal
soft and hard tissue in ensuring the success
of dental implants. By recognizing the
pivotal roles ofboth soft and hard tissues,
clinicians can enhance the predictability

and longevity of implant treatments,
ultimately  benefiting  patients by
optimizing functional and aesthetic
outcomes.
Feature. | Implant | Tooth.
Hard tissue
Histology Bone implant | Periodontal ligament
contact.
Interference | Osseo perception | 1° - Periodontal
awareness ligament shock
absorption
2° - Osseous movement
Lateral Crestal bone Apical one third of root
force surface
Apical 3-5um 25-100 um
movement
Lateral 10-50 um 56-108 um
movement
Soft Tissue
Epithelial Peri Implant | Junctional  epithelium
Epithelium hemidesmosome
hemidesmosome | attachment to Enamel
attachment to Ti | or Cementum surface
Periodontal | Parallel Perpendicular.
ligament.
Biologic JE =1.88mm JE=1.14 mm
width CT =1.05mm CT=0.77mm

TABLE 1: Hard and soft tissue difference
around the tooth and implant.JE- Junctional
Epithelium, CT- Connective tissue
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Figure 1: Hard and soft tissue difference
around the tooth and implant

OSE-Oral Sulcular Epithelium,JE-Junctional
epithelium,OE-Oral  epithelium, PISE-Peri
implant ~ Sulcular epithelium, PIE- Peri
implant epithelium

2. SOFT TISSUE INTERFACE
2.1 JUNCTIONAL EPITHELIUM:
Junctional Epithelium (JE) is a

crucial  biological adaptation  which
connects the soft gingival tissues to both
natural teeth and implants.) Apart from
creating a barrier between the oral
environments and underlying gingival
tissues, it serves as a specialized
epithelium®tailored for the dynamic
maintenance of the connection between
soft gingival tissues and the hard structure
of teeth or implants. Positioned at the base
of the gingival crevice/sulcus, the JE binds
to the tooth or implant surface via hemi-
desmosomes. Even during routine clinical
procedures like periodontal probing and
nonsurgical debridement, the dynamic
nature of the JE to teeth is evident through
rapid reattachment.®’)Notably, periodontal
surgery can remove the JE, but primary
closure following ideal surgical technique
facilitates its  rapid  reattachment,
demonstrating its  unique  biologic
adaptation. Discussions on dental implants
reveal no biologic difference in the JE's
response between natural teeth and
implants.“> The dynamic nature of the JE
to the sides of teeth is showcased through
routine oral hygiene, includinguse of
dental floss, without causing permanent
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damage.® Hygiene concerns around
implants have prompted the development
of special instruments, but standard
instrumentation proves equally effective
without interfering with the JE's dynamic
reattachment.”  Ensuring a  clean,
uncontaminated surface allows the JE to
perform its specialized biologic function of
binding attached gingival mucoperiosteum
to the side of teeth or implants. Recent
workshops emphasize the importance of
consistent preventive care activities for
implants, to those recommended for
natural teeth, both in dental offices and at
home. 19

2.2 ATTACHED GINGIVA:
The significance of attached gingiva has
been a focal point in clinical investigations
regarding the "mucogingival problem,"
particularly in its ability, relative to oral
mucosa, to form a new Junctional
Epithelium (JEA) after surgical removal of
the gingival attachment apparatus. This
consideration played a crucial role in early
comparisons between excisional
techniques  like  gingivectomy  and
incisional techniques such as the modified
Widman  flap.® Presently,  we
understandthat attached
gingiva/mucoperiosteum can promptly
differentiate to establish a new JEA,
whereas oral mucosa doesn't exhibit a
similar biological activity.') Although
discussions on JE regeneration
primarilyrefer oral epithelium, distinctions
in epithelial nature and biology exist
between attached gingiva mucoperiosteum
and oral mucosa.!V

A parallel discussion is emerging
on the necessity of  attached
gingiva/mucoperiosteum in areas where
implants are positioned. Two sets of
observations complicate reaching a



straightforward conclusion regarding the
relative importance of attached gingiva
versus oral mucosa around implant sites.
Denudation  procedures reveal that
denuded alveolar bone can be covered by
new attached gingiva,'>!Jand instances
like pulp polyps demonstrate the presence
of epithelial cells capable of seeding new
growth in the oral environment.!YThe
regenerative capacity of new attached
gingiva adds complexity to the discussion
around implants. Extensive investigations
are required to rule out alternative
explanations. However, it is certain that
having attached gingiva available for
primary  closure  offers  significant
advantages, including more predictable
post-surgical anatomy and a quicker,
inherently stable healing process through
healing by primary intention when forming
a new JEA around a tooth.

2.3 COLLAGEN FIBER
ATTACHMENT TO NATURAL
TEETH:

Structured collagen fiber
attachment to natural teeth has been a focal
point in dental research, particularly in the
success of osseointegration at the bone-
implant interface. However, it is essential
to recognize that implants lack gingival
fiber attachment, and the term "loss of
attachment" does not apply to implants due
to the absence of fibrous
attachment.!>Unlike ~ natural  teeth,
implants lack supracrestal collagen fibers
and periodontal ligament fibers within
alveolar bone, leading to a different
cellular activity around implants. 19In the
esthetic zone, implants may pose clinical
challenges due to the absence of organized
periodontal fibers in the suprabony soft
tissues, impacting the reconstruction of
missing anterior teeth.

21

The significance of organized
supracrestal periodontal fibers becomes
evident in shaping the healthy marginal
gingiva. The absence of such fibers
inserting into dental implants presents
challenges in achieving long-term esthetic
outcomes in anterior tooth reconstruction
with implants. Mucogingival problems,
characterized by localized progressive loss
of attachment, emphasize the importance
of resilient periodontal fibrous attachment
of attached gingiva mucoperiosteum in
protecting the alveolar crest margin.
(" The collagen fiber bundles within the
attached gingiva mucoperiosteum play a
biologic role in maintaining the alveolar
crest bone. The question arises whether
decades of clinical research on
mucogingival problems around natural
teeth need replication for dental implants
to conclusively determine the benefits of
adequate attached gingiva, especially in
areas prone to lateral forces such as sites
with frenum attachments or shallow
vestibular areas.

2.4 GINGIVAL CREVICE/SULCUS
FLUID:

Gingival crevice/suclusfluid play a
crucial role in understanding the Junctional
Epithelium Attachment's (JEA) biologic
adaptation. Although the JEA is designed
to bind to the tooth or implant, it does not
create a complete seal at the junction of
hard and soft tissue structures. The JEA
exhibits permeability in both directions,
allowing substances to enter host tissues
from the gingival crevice (®and
facilitating the flow of tissue fluid and host
cells into the external environment of the
gingival  crevice.  !The  biologic
properties of the JEA, such as fluid and
host cell permeability, remain generally
consistent around both teeth and implants.



In both health and disease,
gingival/crevicular/sulcular  fluid flows
through the JEA. The volume of gingival
fluid increases with heightened
inflammation, carrying biologic markers of
inflammation.  ©%2YEven in gingival
health, polymorphonuclear leukocytes
(PMN), lymphocytes, macrophages, and
plasma cells are present within the JEA
and adjacent mucosal connective tissues,
indicating a constant influx of foreign
antigens into underlying connective
tissues. @>*)The presence of these cells
beneath the JEA, even in healthy tissues,
reflects the innate and adaptive immune
systems' normal response to the influx of
foreign antigens.!®)

In conditions like periodontitis and
peri-implantitis, PMNs exit through the
JEA into the external crevice environment
around the tooth or implant. ?*Both
conditions are associated with significant
numbers of PMNs, plasma cells, and
macrophages within the connective tissue
adjacent to the JEA. The extension of the
subepithelial cellular infiltrate directly
onto implants in peri-implantitis, along
with an increased proportion of PMNs
within the infiltrate, ®Ymay suggest
increased activation of the innate immune
system in peri-implantitis compared to
periodontitis.

2.5BIOLOGIC WIDTH:

The crucial aspect of implant
placement revolves around the concept of
biological width, denoting the distance
between the peri-implant mucosa margin
and the underlying bone crest. This
dimension serves as a protective barrier
against potential bacterial infection and
prevents the entrapment of food debris at
the implant/soft tissue interface. Numerous
studies highlight that the biological width
surrounding dental implants comprises
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sulcular and Junctional epithelium,
accompanied by an underlying connective
tissue zone.

It is noteworthy that differences

exist between the biological width around
a tooth and an implant. In teeth, the
biological width is situated supracrestal,
while in implants; it is subcrestal when the
platform aligns with the crest level. The
width is typically greater around implants
(3 mm compared to 2 mm in teeth).
Histologically, the peri-implant tissue
exhibits more collagen fibers oriented
parallel to the surface, resembling scar
tissue with reduced adhesion. In contrast,
around teeth, supracrestal fibers flow
perpendicularly and are inserted into the
radicular cement and alveolar bone.

Moreover, the peri-implant tissue is
less  vascularized, receiving  blood
primarily from terminal branches of the
periosteum. In teeth, additional
contribution  comes  from  branches
originating from the periodontal ligament.
This vascular distinction may impact the
peri implant tissue's response to bacterial
invasion negatively. A recent hypothesis
suggests the existence of a relationship
between bone and overlying soft tissue
around implants, proposing that alterations
in this relationship could contribute to
early crest bone loss. However, some
authors speculate that the biological width
or seal might expand by around 1 mm
following implant loading, potentially
linked to crestal bone resorption.®

2.6 MICROBIOLOGY AROUND THE
IMPLANTS

Peri-implant diseases, emerging
post successful osseointegration of intra-
bone implants, arise from an imbalance
between bacterial activity and host
response.  These diseases manifest as



either localized inflammation termed peri-
implant mucositis or progress to peri-
implantitis, leading to bone loss. @7
Microorganisms play a pivotal role in both
periodontal and peri-implant diseases,
emphasizing the importance of
microbiological parameters in diagnosis
and  monitoring.  Studies  indicate
significant similarities between
periodontitis and  peri-implantitis in
clinical presentation and pathogens
involved. ®®Gram-positive cocci dominate
at disease onset, followed by an increase in
gram-negative anaerobes with plaque
accumulation.  Pathogens  such  as
Porphyromonas gingivalis, Treponema
denticola, Tannerella forsythia, and
Aggregatibacter actinomycetemcomitans
are commonly found in peri-implant
lesions. Early colonization of
periodontopathogens is observed around
implants, leading to the formation of
complex subgingival microbiota.
Anaerobic bacteria, including classical
periodontopathogens, show proportional
increases in both periodontitis and peri-
implant diseases. Other pathogens like
Prevotella intermedia and Capnocytophaga
are implicated in these diseases. Peri-
implantitis implants harbor a complex
microbiota, including conventional
periodontopathogens. Moreover, species
like Pseudomonas aeruginosa and Candida
albicans are frequently detected around
implants. Notably, Staphylococcus aureus
and  Streptococcus  epidermidis  are
prevalent. Specific bacterial species are
associated with peri-implantitis,
highlighting microbial differences between
healthy and diseased sites. For instance, P.
gingivalis, P. intermedia, and A.
actinomycetemcomitans are prevalent in
peri-implantitis implants. This underscores
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the role of microbial dysbiosis in the
pathogenesis of peri-implant diseases.??

3. HARD TISSUE INTERFACE

Implant is held in the bone through
osseointegration process. The discovery of
osseointegration around Ti implant was an
incidental finding when Dr. Branemark, an
orthopedic surgeon, studied the flow of
blood in rabbit bone in 1952. It was
surprising, when he could not remove the
Ti screw from the bone of rabbit legs. The
Ti was fused into the bone. That was the
time the term “osseointegration” was
introduced.

Osseointegration or osteointegration refers
to a direct bone-to-metal interface without
interposition ~ of  non-bone tissue.
Osseointegration is defined as "a direct
structural and functional connection
between ordered, living bone and the
surface of a load-carrying implant". G

The process of bone healing around
implant follows the intramembranous
osteogenesis process. It first starts as
woven bone formation, followed by the
parallelfibered and lamellar bone structure.
The first new bone formed could happen
as early as 1 week after implant placement
and the bone remodeling process usually
starts in between 6 and 12 weeks, and it
continues throughout life.

Clinically, with the remodeling process, it
is accepted to have 1-1.5 mm crestal bone
loss during the first year after implantation
and thereafter 3 mm and >4 mm bone loss,
respectively, asa part of normal bone
remodeling process, instead of
pathological changes.

Two phenomena have been used to
describe the bone morphogenesis around



the implant, that is, distance osteogenesis
and contact osteogenesis (Osborn and
Newesely, 1980). The distance
osteogenesis is referred to the new bone
formed approaching on the implant surface
from a distance. In contrast, the contact
osteogenesis involves the initiation of bone
formation on apposition directly onto the
implant surface itself.

Various factors affecting osseointegration
are given in Table 2

Table 2 :Factors affecting
Osseointegration

e Bone quality and quantity

e Implant shape

e Implant surface macro-structure

e Implant micro-structure (roughness)

e Material biocompatibility

e Surgical techniques

e Heat generation during the implant
placement surgery

e Implant primary (initial) stability

e Implant loading

3.1 PRIMARY STABILITY OF
IMPLANT

Primary stability is the absence of
mobility in the bone bed after implant
placement. There is a strong correlation
between bone density and dental implant
stability. Dental implant stability is
positively associated with cortical bone
thickness. Bone quality is not the only
factor, however; stability is also influenced
by surgical technique, implant surface

morphology, implant diameter, bone
compaction techniques, and cortical
anchor for implant placement. Wide

implant diameters that increase the contact
area between the treated bone and the
implant surface will increase primary
stability.
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3.2 BONE DENSITY AND QUALITY

The significance of bone density and its
association with implant dentistry has
existed for more than two decades. Several
classifications regarding bone density have
been recommended.The internal structure
of bone is described in terms of quality or
density, which reflects a number of
biomechanical properties, such as strength
and modulus of elasticity.The density of
available bone in an edentulous site is a
determining factor in treatment planning,
implant design, surgical approach, healing
time, and initial progressive bone loading
during prosthetic reconstruction

3.3 CLASSIFICATIONS OF BONE
DENSITY

An appreciation of bone density and its
relation to oral implantology has existed
for almost 50 years.

Linkow and Chercheve 1970, classified
bone density into three categories®?

Category Description
Class | bone | Evenly spaced trabeculae with
structure small cancellated spaces.
Class Il bone | Slightly larger cancellated
structure spaces with less uniformity of
the osseous pattern.

Class Il | Large, marrow-filled spaces
bone exist between bone
structure trabeculae.

In 1985 Lekholm and Zarblisted four
bone qualities found in the anterior regions
of the jawbone.®?

e Quality 1 was composed of
homogeneous compact bone.

e Quality 2 had a thick layer of compact
bone surrounding a core of dense
trabecular bone.




e Quality 3 had a thin layer of cortical
bone surrounding dense trabecular
bone of favorable strength.

e Quality 4 had a thin layer of cortical
bone surrounding a core of low-density

trabecular bone.

1 2 3 4

Fig. 2 - Lekholm and Zarb bone qualities

In 1988 Mischproposed four bone density
groups independent of the regions of the
jaws based on macroscopic cortical and
trabecular bone characteristics.

The regions of the jaws with
similar densities were often consistent.
Suggested treatment plans, implant design,
surgical protocol, healing, and progressive
loading time spans have been described for
each bone density type.?

D1 D2 D3 D4
Fig 3 — Misch Classification of bone
density

4. INFECTIONS AROUND THE
IMPLANT AND THEIR PROPOSED
MANAGEMENT

Biological complications
associated with dental implants primarily
relate to infection in the soft and hard
tissues around implants, known as peri-
implant mucositis and peri-implantitis,
respectively.Peri-implant mucositis
describes the presence of mucosal
inflammation in the absence of bone loss
and the prevalence is around 28% after 2
year implant loading, while peri-
implantitis includes inflammation and loss
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of supporting bone around an implant in
function,5% to 10% of overall prevalence
has been reported.

The ailing implants had been
defined as problems limited to the peri-
implant mucosa and not involving the
supporting bone, more recently, as
biological complications.

The clinical features of peri-
implantitis include: radiographic evidence
of vertical destruction of the crestal bone,
not dependent on implants mobility,
formation of a peri-implant pocket in
association with radiographic bone loss,
bleeding after gentle probing, suppuration
might also be present, mucosal swelling
and redness, pain is not a typical feature of
peri-implantitis.Peri-implantitis can lead to
ailing implant, Failing implant and failed
implant.

The goals of non-surgical and
surgical therapies are to re-establish
healthy peri-implant soft and hard tissues.
Table 3 listed current available diagnostic
criteria for implant failures as well as their
proposed treatment. Occlusal therapy is
indicated if occlusal overload is one of
etiologic factors for peri-implant bone
loss. Antiseptic non-surgical therapy (e.g.
antibiotics) is suggested by some authors
for treating deep pockets more than 5
mm.surgical ~ procedures  such  as
regenerativeapproaches have been tried
and shown promising outcomes after
surface is being detoxified. Air powder
abrasions as well as acid (e.g. citric or
tetracycline) had been shown to be

effective in detoxifying contaminated

implant surfaces.®®

Condition | Proposed Treatment

Ailing Non-surgical treatment:

implant Mechanical debridement,
Antibiotic: systemically




or locally

Failing Vertical defect:
implant
to horizontal defect

> 2 mm but <1/2 Implant height:
GBR, Autogenous bone wedge
grafting

>1/2 Implant height. Implant
removal

Horizontal defect:

<1/2 Implant height: APF:
Osteoplasty; GBR

<1/2 Implant height. Implant
removal

<2 mm: GBR, Osteoplasty-convert

Failed
implant

Implant removal

Table 3: Infections around the implant and
their proposed treatment

5. IMPLANTS IN PERIODONTITIS
PATIENTS

The responses of hard and soft
tissues to plaque formation around dental
implants are similar to those around teeth.
A cause-and-effect relationship between
plague formation on dental implants and
peri-implant ~ mucositis  has  been
demonstrated. A clear understanding of the
influence, on peri-implant health, of an
individual’s susceptibility to periodontitis

is necessary for successful implant-
treatment planning.
Nevins & Langer described

surviving implants in a group of patients
with ‘recalcitrant periodontitis’ — defined
as continued periodontal bone loss despite
active management. Implant survival was
high (> 97%) with only seven implants

lost.In contrast, Koldsland et al.
investigated risk indicators for peri-
implantitis, finding that ‘history of

periodontitis’ was the most conclusive
associated variable and this provide
evidence that patients with a history of
periodontitis are at greater risk of having
implant loss and peri-implantitis.A long-
term follow-up (> 9 years) study of 218
private practice patients in Sweden showed
that a history of severe periodontitis was

26

associated with a higher implant failure
rate. Those patients with severe bone loss
(= 30%) in their residual dentition before
implant therapy had significantly higher
rates of implant failure than did those with
less loss of preexisting bone.®¥

5.1 SUPPORTIVE PERIODONTAL
THERAPY FOR PATIENTS WITH A
HISTORY OF PERIODONTITIS

Supportive peri-implant therapy is
essential in  the prevention and
management of peri-implant diseases in
patients with a history of
periodontitis.Long-term  studies showed
that a lack of supportive peri-implant
therapy correlated with a greater incidence
of peri-implant bone loss, in all patients
over 10 years. Patients those with a history
of periodontitis, defined as teeth with >
30% bone loss, were at 4.7-times greater
risk of having peri-implantitis, after
adjusting for smoking status. Hence,
patients with a history of periodontitis,
even if they are ‘treated’ and considered
periodontally healthy at the outset of
implant treatment, may benefit from a
greater emphasis on self-performed plaque
control and more frequent supportive peri-
implant therapy recall visits.®®

CONCLUSION

In conclusion, the review underscores the
critical  importance  of  periodontal
considerations in the realm of dental
implants. Through an in-depth exploration
of various factors such as soft tissue
management, bone morphology, and peri-
implant disease prevention, it becomes
evident that the success and longevity of
dental implants are intricately intertwined
with the health and stability of surrounding
periodontal tissues.By understanding the
complex interplay between implant
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dentistry and periodontal health, clinicians
can implement evidence-based strategies
to optimize patient outcomes and ensure
the long-term stability and function of
dental implants. From the meticulous
placement of implants to the management
of peri-implant diseases, attention to
periodontal principles is paramount in
achieving predictable and esthetic results.

In essence, a comprehensive understanding
of periodontal considerations not only
enriches the practice of implant dentistry
but also serves as a cornerstone for
achieving optimal oral health and quality
of life for patients undergoing implant
treatment.
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ABSTRACT:
The fixed implant-supported prostheses are fully recognized as the best treatment option for the

replacement of single or multiple missing teeth. However, the survival rates actually refer to the
prosthesis that continued its clinical service during definite follow-up period and it does not imply
that implants are free of complications. This article will review the complications associated with
dental implants.It is necessary to have knowledge regarding the complication as it is the operator to

be blamed in case of implant failure.
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INTRODUCTION

Dental implants are the treatment of choice
for replacement of a missing tooth as they
restore the function of a tooth to nearly
normal. The basis for dental implants is
osseointegration, where osteoblasts grow and
directly integrate with the titanium surface of
the implants surgically placed inside the
alveolar bone.Good survival rates of up to 10
years have been reported for both single-
unit[1,2] and multiple-unit[3,4,5] implant-
supported FPDs. The fixed implant-supported
prostheses are fully recognized as the best
treatment option for the replacement of single
or multiple missing teeth. However, the
survival rates actually refer to the prosthesis
that continued its clinical service during
definite follow-up period and it does not
imply that implants are free of complications.
A detailed knowledge regarding the
complications and failures is important for the
clinician as proper management of these
complications holds the key to the success of
the implants. This article will review the
complications  associated  with  dental
implants.It is necessary to have knowledge
regarding the complication as it is the
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operator to be blamed in case of implant
failure.

TYPES OF COMPLICATIONS

These complications of implant placement
can be divided into irreversible and reversible,
depending upon whether the implant itself can
be salvaged or not.

The irreversible complication can be termed
as ‘failure’ and is associated with sensitivity
and pain upon loading. Vertical or horizontal
movements suggest a fibrous encapsulation
around the implant, which is seen in the
radiograph as a peri-implant radiolucency. As
a matter of fact, bone loss down to 1/3 of the
implant fixture length may also be considered
“failed[6]. Although rotational movement at
an early stage of healing may provide
insufficient evidence for de-osseointegration
as the bone density and mineralization
increase over time.

Reversible complications refer to the
increased risk of failure but are of temporary
significance and are amenable to timely
management . Clinical parameters often used
in the literature include radiographically


mailto:yuthickasirohi@gmail.com

observed progressive marginal bone loss
exceeding 1.5 mm in the first year and 0.2
mm in the subsequent years [7]. The clinical
parameters such as bleeding on probing,
sulcus bleeding index, pocket probing depth,
mucosal recession, probing attachment levels,
crevicular fluid analysis, and microbial
composition are indicators of the underlying
problem with the implant. However,
differences in probing force, hyperplastic
state of the gingiva, and different histologic
structures of the peri-implant periodontium
from that of the natural teeth can result in
under or overestimation of the true underlying
problems. Therefore, a proper intraoral
radiographic bitewing view is the most
accurate method to detect the perifixtural
bone loss compared to any of these clinical
parameters. These reversible complications
are further subdivided into - intraoperative
complications, early/late postoperatively, and
during prosthetic reconstruction and/or after
functional loading(surgical,
prosthetic/technique, and esthetic/soft tissue
associated complications).

INTRAOPERATIVE COMPLICATIONS
A history of surgical trauma in the site during
tooth extraction or osteotomy can cause early
implant failure. This is due to failure of
osseointegration. The critical temperature at
which bone necrosis may occur has been
reported as 47°C for 1 minute beyond which
fat cells may replace bone, leading to an
unfavorable condition for osseointegration.

Stability of an implant is a crucial factor in
osseointegration. It is directly dependent on
primary stability, it is extremely important to
accurately measure the primary stability. A
wider diameter or longer implant is suggested
to re-embrace the stability within anatomic
boundaries. However, if this is not possible,
the implant is to be removed and its
placement delayed until the recipient site is
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surgically augmented. If an improper implant
positioning occurs intraoperatively, the
implant is relatively easy to torque out
manually. This process may create a gap
between the implant and the bone if the same
diameter implant is used. The critical gap
reported for ensured bone formation ranged
from 0.35 to 1.25 mm[8].

Excessive hemorrhage may occur from an
osteotomy preparation in the mandible,
frequently involving 3 major arteries
supplying the mandible, including inferior
alveolar, facial, and lingual
artery.Subsequently ruptured artery may lose
blood. Blood loss >500 ml may result in
hypotension,and even life-threatening airway
obstruction may occur if not treated at an
early stage. To avoid this never pack gauze
lingually because there is no hard tissue in the
floor of mouth to apply pressure against.
Sinus perforations have been related to the
extent of the angle formed by the mediolateral
walls of the sinus displayed on computerized
tomography.The angles <30°, 31°-60°, and
>61° resulted in 37.5%, 28.6%, and 0%,
respectively, of sinus perforation. In case of a
sinus perforation, seal the window with
collagen membrane.

Fracture of the mandible is a severe
complication  with  endosteal implants,
especially placed in a severely resorbed
mandible with <7 mm of bone height and 6
mm of width. Treatment of the fractured
mandible is difficult, attributing to a
depressed vitality of bone from a higher
proportion of dense cortical bone with
diminished central blood supply and its
dependence upon the periosteal blood supply.
Nerve trauma results from damages to inferior
alveolar, mental, incisive, or lingual nerve
during osteotomy preparation or flap
incisions. This effect may range from
paresthesia to a complete loss of sensation. In
such cases, implants must be removed, or



shorter implants must be placed to relieve the
pressure over the injured nerve. A minor
injury usually heals spontaneously within
days or months. However, prolonged pressure
from neuritis may lead to permanent
degeneration of the affected nerve.

EARLY POST OPERATIVE
COMPLICATIONS

Screw loosening Overloading of the implants
usually causes loosening or fracture of the
implant component. The screw loosening or
fracture prevailst more with the prosthetic
screws as opposed to the abutment screws[9].
Implants restored with single crowns have
shown more screw loosening as compared to
multiple implants with multiple restored
units,[10] and mandibular molar implant
restorations are more affected by screw
loosening as compared to the maxillary ones.
In another study, the incidences of loosening
of the abutment screw or the abutment were
found to be 59.6% in a follow-up of 15
years.[11] To reduce the incidence of screw
loosening, it is advised to maximize the joint
clamping forces while curtailing joint
separating forces. Joint separating forces
include excursive contacts, cantilevered
contacts, interproximal contacts, off-axis
centric contacts, and nonpassive frameworks.
Implant fracture is one of the leading causes
of early implant failure. There can be two
reasons - biomechanical overloading and peri-
implant vertical bone loss. The risk of implant
fracture increases when the vertical bone loss
is severe enough to concur with the apical
limit of the screw.Implant fractures are also
attributable to flaws in the designs and
manufacturing of implant itself.Unnoticed and
recurrent screw loosening is a risk factor for
dental implant fracture, which indicates
change in the prosthesis design.[12] When a
screw is loose, it is more disposed to
excessive sideward load. Fracture of the
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implant abutment screw can be a huge setback
as the remaining fragment inside the implant
jeopardizes the efficient functioning of the
implant.Implants with a smaller diameter of 4
and 3.75 mm are inclined to fractures more
easily than those with the greater diameter. It
has been reported that an implant having a
diameter of 5 mm is three times stronger than
the one with the diameter of 3.75 mm, while
an implant of 6 mm diameter is 6 times
stronger than a 3.75 mm implant.[13]

Fracture of veneering porcelain is usually
seen with single implant restorations. It can
be reduced by following the clinical
recommendations, that is, by reducing the
occlusal table, preventing heavy occlusal
contacts, keeping shallow cuspal heights, and
by providing adequate thickness of the
overlying ceramic.

The problem of fracture of framework is more
commonly seen in partially edentulous jaws,
because the implant-abutment interface and
abutment retention screw are exposed to
higher lateral bending loads, tipping, and
elongation as compared to bilaterally splinted
implants in a completely edentulous jaw.The
length of the cast bar or framework span is
directly proportional to the construction-
related distortion,which could get worsened
by nonparallel placement of dental implants.
The corrective methods will usually lead to a
misfit so it is imperative to improve the
original/initial fit of the cast frameworks.
Factors that influence the accuracy of the
initial fit of the framework include the
impression material, impression technique,
and positional stability[64,65] of the transfer
posts.[14]

DELAYED COMPLICATIONS

Peri-implant disease is an inflammatory
pathological change that takes place in the
soft and hard tissues surrounding an
osseointegrated implant. When an implant is



successfully osseointegrated, the peri-implant
disease that occurs is the consequence of
disparity between the host defense and
increasing bacterial load. It usually takes
about 5 years for the peri-implant disease to
progress and exhibit clinical signs and
symptoms.The incidence of peri-implantitis
and implant loss could be greater if the
studies with longer follow-up periods are
evaluated. Rigid supra-crestal/sub-crestal
structure and reduced biologic resistance
against environmental insults from having a
“biologic seal” rather than a true “biologic
width” and lacking a periodontal ligament
complex render implants more susceptible to
bone loss from microbial challenges and
occlusal disharmony. The peri-implant
disease is also related to unequal occlusal load
distribution, which leads loosening of the
superstructure, infection of the surrounding
area, eventually culminating into the
inflammatory process.Predisposing systemic
conditions include uncontrolled diabetes
mellitus,  osteoporosis, smoking, long-
standing treatment with steroids, uncontrolled
periodontitis,  radiation  therapy, and
chemotherapeutics.[15,16]

While, the implants are the best treatment
modality to replace missing teeth and restore
function, it is vital to recognise the above
mentioned complications during early stages
for the better outcomes. Prevention of
complications is the best strategy and careful
use of imaging tools, a diagnostic wax-up, use
of surgical template, and a good
understanding of the surgical anatomy and
principles will go a long way in success of
implant.
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ABSTRACT

Typically, the use of implants for tooth replacement is limited to individuals who have completed
their craniofacial growth. This review seeks to conduct a thorough analysis of the current literature
regarding dental implants in pediatric patients, delving into aspects such as effectiveness, safety,
and the challenges inherent in their utilization. Through an examination of pivotal studies and
recent advancements, the aim is to provide valuable perspectives on the dynamic field of pediatric
implant dentistry.
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healing. If the dentist waits until jaw

INTRODUCTION: growth completion, an inadequate bone

Children and adolescents commonly mass at the site could make implant
experience edentulous spaces. Instances placement  impractical.  Furthermore,
include partial or total tooth loss due to insufficient bone may  significantly
conditions like Ectodermal Dysplasia and compromise  the aesthetic  outcome

Down's Syndrome, cases of oligodontia
resulting from early losses due to severe
caries lesions, as well as situations arising
from advanced periodontal disease or
trauma.t

There has been hesitancy in utilizing
implant therapy for such children and
adolescents due to incomplete jaw growth.
However, it's worth noting that youngsters

achievable with traditional bridgework
later on. Opting for an implant will also
eliminate the need to prepare neighboring
teeth for bridgework. Moreover, using an
implant to replace the missing tooth avoids
the almost inevitable mucosal
inflammation associated with temporary
acrylic-based partial dentures.’

However, a primary complication

in this age group could be well-suited
candidates  for  tooth  replacement
procedures that involve implants.

For example, in cases of trauma in
children, the most commonly lost teeth are
the incisors. The loss of which leads to
rapid resorption of alveolar bone, leaving
only a thin crestal bony lamella after
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observed in the utilization of traditional
dental implants in immature individuals is
the reported vertical discrepancy of the
implant crown with the ultimate occlusal
plane. This issue gives rise to numerous
aesthetic complications, as ankylosis
imposes limitations on tracking sagittal
growth.?
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PLACEMENT OF IMPLANTS:

Mishra et al. # provided recommendations
for the quadrant-wise placement of
implants in their review.

According to them, the maxillary anterior
quadrant is a crucial consideration due to
the potential for traumatic tooth loss and
frequent congenital tooth absence. The
vertical growth of the maxilla surpasses
other dimensions in this quadrant, making
premature implant placement problematic.
This can lead to the repetitive need for
lengthening the transmucosal implant
connection, resulting in poor implant-to-
prosthesis ratios and the possibility of load
magnification.

Similarly, the maxillary posterior quadrant
is influenced by the same growth factors as
the anterior region, with an additional
factor being transverse maxillary growth at
the midpalatal suture. Therefore, it is
recommended to delay the placement of
osseointegrated dental implants in the
maxillary anterior and posterior quadrant
until the age of 15 years in females and 17
years in males.

In contrast, the mandibular anterior
quadrant is considered the optimal site for
osseointegrated implant placement before
skeletal maturation. This quadrant presents
fewer growth variables, as the closure of
the mandibular symphyseal suture occurs
during the first two years of life.
Prostheses supported by dental implants in
the anterior mandible should have a
retrievable design to accommodate an
average increase in dental height of 5-6
mm, as well as anteroposterior growth.
And lastly due to the ongoing growth and
development of the posterior mandible in
both  transverse and anteroposterior
dimensions, it is recommended to defer the
placement of osseointegrated implants in
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the posterior mandibular quadrant until
skeletal maturation.

IMPLANT TIMING:

The safest time to place implants seems to
be during the lower portion of the
declining adolescent growth curve at or
near adulthood that can be determined by
cephalographic radiographs, serial measure
of stature, or handwrist radiographs.
A reliable method involves taking serial
cephalometric radiographs with a 6-month
interval, along with  superimposed
orthodontic tracings. If there are no
observable changes within a one-year
timeframe, it can be assumed that growth
is complete.®

REVIEW:

Bjork utilized titanium pins measuring 1.5
mm in height, implanted in the mandibles
of partially endodontic children with an
average age of 14.5 years, for longitudinal
cephalometric studies and reported that the
majority of implants remained stable,
whereas pins positioned in the path of
erupting teeth or near a bone surface
undergoing resorption experienced
displacement. Almost all pins situated in
resorptive areas were lost and required
replacement. In contrast, pins placed in
areas of appositional bone growth
gradually became embedded.

In another investigation conducted by
Kearns et al.,? the viability of endosseous

implants in  growing children was
examined, with a focus on assessing the
position and stability of implants

throughout the growth period. The study
included six children experiencing partial
anodontia, within age range: 5-17 years.
19 implants in the maxillary and 22 in the
mandibular region were placed in these



patients. Following an average follow-up
period of 7.8 years, prostheses required
remodeling to accommodate facial growth.
Despite the growth, the implants remained
stable and did not exhibit any movement,
indicating that transverse growth did not
impact the implant position.

In a study by Johansson et al.,° a single-
tooth implant was inserted in a boy at the
age of 12.3 vyears, and the follow-up
extended beyond 4.5 years. Throughout
the observation period, the implant
remained stationary and did not shift in
conjunction with the adjacent teeth, despite
the ongoing growth of the maxilla.
However, long-term follow-up of patients
receiving single tooth implants in the
maxillary region is required to know about
the potential risks involved and ways to
deal with it.

In 2008 Bergendal et al.,’® conducted a
study assessing 33 dental implants in 26
children, all under 16 years of age, with
ectodermal dysplasia (ED) and anodontia
in the lower jaw. The findings revealed the
loss of 20 implants within a 2-year follow-
up period, primarily attributed to
inadequate osseointegration. The authors
concluded that the placement of dental
implants should be avoided in children
below the age of 16.

In another prospective clinical trial
conducted by Guckes et al., the impact of
endosseous dental implants on the
mandible of children with ectodermal
dysplasia (ED) was investigated. The
study included 23 adolescents aged 12-17
years and 12 preadolescents aged 7-11
years, with a total of 225 implants placed.
The results indicated that 22 implants
failed, resulting in a success rate of 91.3%
(88% in the preadolescent group and 90%
in the adolescent group). The findings
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suggested that osseointegrated implants in
children with ED appear to be a viable
treatment option. Notably, the mandible
continued to grow in a normal pattern, and
the implants remained in a stable position
within the bone of the mandible.
Chrcanovic?? conducted a systematic
review to evaluate the clinical outcomes
and survival rates of oral implants in
individuals with ectodermal dysplasia
(ED), drawing from previously published
case reports and studies. Their final
analysis incorporated data from 90
publications, encompassing 228 patients
who received 1472 implants. The age
range varied from 2 to 56 years, with a
mean age of 20 years, and 321 implants
were placed in children aged 2-17 years. A
failure rate of 6.1% was observed over a
mean follow-up period of 61 months. The
authors concluded that dental implants in
ED patients, particularly in children,
exhibited a notably high survival rate.
Several other case reports and case series
in the literature have also documented
successful  outcomes  with  implant
placement in patients with ectodermal
dysplasia (ED).13

Due to the absence of a standard protocol
or  unanimous  agreement  among
researchers on the procedures and
indications for placing conventional or
mini-implants in ectodermal dysplasia
(ED) patients, it is essential to evaluate all
risks and benefits.

Alberga et al.,® conducted a retrospective
study examining the clinical and esthetic
results of dental implant therapy in cleft
conditions in 17 patients, averaging 11
years of age in whom 21 implants were
inserted and prosthetic rehabilitation
followed after a 3-month period. The study
reported the failure of only one implant



during the 72-month follow-up. The
researchers concluded that the patients
exhibited excellent implant survival,
maintained healthy peri-implant  soft
tissues, and expressed high satisfaction
with the outcomes.

Concerning patients with alveolar clefts,
numerous studies have explored dental
implant therapy in children who have
completed their growth and require bone
grafting. However, the existing evidence is
limited and insufficient due to the scarcity
of prospective clinical studies on dental
implants in growing individuals with
clefts. !

Interestingly, ~ Motoyoshi et  al.,’
documented improved success rates in
orthodontic patients with mini implants
when loading was initiated at least three
months after the initial implant placement.

CONCLUSION:

To flow with the current, there has been an
increasing trend in implant application in
children. Given the positive success rates
observed in a limited number of studies on
implant usage in growing patients,
thorough  planning is crucial for
rehabilitative  procedures in  young
children, where immediate, functional, and
stable replacement of lost teeth is
imperative. Determining the ideal time for
implant insertion requires consideration of
factors such as skeletal growth status,
degree of hypodontia, extent of associated
psychological stress, existing dentition
status, and the dental compliance of the
pediatric patient. Should the treatment
planning objectives lean towards utilizing
implants before skeletal maturation, it is
imperative to educate the child's parents
about the advantages and potential
complications associated with their use.
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To draw conclusion from the current
literature, Implant placement should be
deferred until skeletal growth is either
completed or nearly completed in typical
adolescents. However, for individuals with
oligodontia  or  anodontia,  earlier
intervention might be recommended,
particularly in the mandible.

Nevertheless, comprehensive and long-
term clinical studies are essential to draw
robust conclusions, particularly regarding
the suitable age for dental implant
placement and the precautions necessary
during prosthetic rehabilitation over the
follow-up period.
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ABSTRACT

Periodontitis is an inflammatory disease that is characterized by loss of the periodontal
ligament and alveolar bone. The understanding of pathogenesis of periodontal disease has
now made it clear that it is host microbial interaction. Physical, environmental and social host
stresses can also affect and alter periodontal disease expression.This review attempts to throw
light on the possible connection between autoimmune disease and periodontal disease
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INTRODUCTION

Periodontitis is an inflammatory disease
that is characterized by loss of the
periodontal ligament and alveolar bone.
The understanding of pathogenesis of
periodontal disease has now made it clear
that it is host microbial interaction.
Physical, environmental and social host
stresses can also affect and alter
periodontal disease expression.! Similarly
oral infection also was considered as a
source of infection at distant sites.?

In recent times a strong relationship
between periodontal health or disease and
systemic health or disease has been
identified. Many studies have shown
systemic disease to be affected by
periodontal disease and vice versa.®>’In this
review we attempt to throw light on the
possible connection between autoimmune
disease and periodontal disease
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AUTOIMMUNE DISEASE

Autoimmune diseases though relatively
uncommon, but their effects onmortality
and morbidity are severe.Almost 5% of the
world population develops an AD. Of this
5% approximately 78% are women.®
Concept of autoimmunity is when immune
tolerance to self-antigens is disrupted due
to which the immune system fails to
recognize self-cells and destructs it
considering it to be foreign.

The most frequent forms of autoimmune
disease  are:  rheumatoid  arthritis,
Hashimoto’s thyroiditis , inflammatory
bowel disease , type | diabetes , systemic
lupus  erythematosus Sjogren’s
syndrome

and

AUTOIMMUNITY -PATHOGENESIS
FOR PERIODONTAL DISEASE
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In 1965, Brandtzaeg and Kraus were the
first to postulate the autoimmune basis in
the pathogenesis of periodontal disease.’

The majority of reports show the detection
of antibodies to host components, in
particular, collagen!® although antibodies
to DNA!! and aggregated I9gG *have also
been reported.

possible causes of the autoimmunity*3

1. Enhanced presentation of self antigens.

2. Altered T helper or T suppressor cell
function.

3. Polyclonal activation of cells which
have the ability, for reasons which may
not be clear, to produce autoantibodies.

4. ldiosyncrasies of the antigen idiotype
network.

5. bacterial or viral cross reactivity with
self-antigens leading to production of
cross reactive antibodies;

6. Genetic predisposing factors.

MEHANISM OF LINK BETWEEN
PERIODONTAL DISEASE  AND
OTHER AUTOIMMUNE DISEASE

The possible link between periodontal
disease and autoimmune disease can be
explained by following reasons

1. Citrullination of
proteins:Porphyromonasgingivalis
produces  the  calcium-dependent
enzyme, peptidyl-arginine deiminase,
which promotes the citrullination of
human  proteins, by converting
peptidyl-arginine sequences to
peptidyl-citrulline  sequences, this
modification  protein  has  been
associated with many disease.**°In
autoimmune disease like rheumatoid
arthritis antibodies are seen and
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. Anti-Neutrophil

specific autoantibodies are directed
against these citrullinated proteins,
these autoantibodies are associated to
loss of self tolerance mechanism.¢1’
Thus these antibodies are responsible
for inflammatory reaction followed by
tissue destruction.
Heat shock Proteins- Pathogenic
microorganisms in periodontal disease
have shown to induce overexpression
of heat shock proteins like HSP60. ‘8In
progression of periodontal disease
HSPs  increase  pro-inflammatory
cytokines  production. Persistent
stimulus for expression of this heat
shock protein, can cause self-immune
response, which may lead to onset of
autoimmune diseases.®

Cytoplasmic
(ANCA)The high
antigenic load contribute by the
periodontal  pathogens leads to
hyperactivity of B cells which is
responsible for
generationofanti-neutrophil
cytoplasmic antibodies (ANCA) seen
in  both rheumatoid arthritis and
systemic lupus erythematosus.?
Toll Like Receptors: TLRs mediate
the immune responses induced by
Lipopolysaccharides LPS released by
periodontal pathogens. TLRs may have
an important role to play in rheumatoid
arthritis and SLE.?!2?
Genetic ~ Susceptiblity?®26:  Many
studies reported association between
histocompatibility complex antigens
and certain autoimmune diseases, for
example, rheumatoid arthritis with
HLA-DRw4, systemic lupus
erythematosus in association with
HLA-DR3 and HLA-B8.HLA
phenotype and susceptibility to

Antibodies



periodontal  disease are  mainly
associated with HLA class | antigen
distribution

CONCLUSION:

Periodontal disease itself has a possible

autoimmune
influence

pathogenesis  and
progression  of

can

the other

autoimmune disease as explained by the

various mechanism discussed

in this

article. This relationship with autoimmune
disease and periodontal disease should be
further probed, with the help of research
studies designed to understand the extent
and effect of this connection.
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ABSTRACT

The greatest cause of endodontic and periapical pathosis is microbial infection of the dental
pulp. The use of intra canal irrigating solutions is essential to ensure microbial elimination.
The present in vitro study sought to assess and compare antimicrobial potential of Triphala,
Neem leaf extract, Green tea and 2.5% Sodium hypochlorite against E. faecalis and C.
albicans in primary teeth.

METHODOLOGY: The study utilized 140 extracted human single rooted primary teeth. The
samples were decoronated, instrumented and sterilized. Teeth samples were divided into two
groups and were infected with E.faecalis and C.albicans respectively for 48 hours. The two
groups were further divided randomly into 4 subgroups each according to the irrigants used
and kept in contact with the respective irrigant for 5 minutes. All the samples were incubated
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in Brain heart infusion (BHI) broth and Sabourauds dextrose broth (SD) for 96 hours. All the
samples were subjected to turbidity check and colony count to determine the growth of
microorganisms. Statistical analysis was done using Kruskal wallis test and Mann-Whitney

test.

RESULTS: All the samples treated showed presence of turbidity. Higher mean E.faecalis and
C.albicans growth (CFU/ml x10%) was recorded in Triphala group followed by Green Tea,
Neem Leaf Extract and NaOCI respectively. The difference among the groups was found to be

statistically significant (P<0.001).

CONCLUSION: All the tested irrigants showed significant antimicrobial efficacy. The order of
antimicrobial efficacy was 2.5%NaOCI| > Neem leaf extract > Green tea > Triphala.

KEY WORDS: Sodium hypochlorite, Triphala, Green tea, Enterococcus faecalis, Candida
albicans, antimicrobial potential, Primary teeth.

INTRODUCTION

Endodontic long-term success relates
to three aspects of treatment, known as
‘endodontic triad’ composed of
instrumentation, disinfection and obturation,
which are interwoven. The intricacy of root
canal anatomy makes it impossible for the
instrumentation of the canals to reach all of
the fine aspects of the anatomy. Irrigation of
the canal system thus permits removal of
residual tissue in the canal anatomy that
cannot be reached by instrumentation®.
Studies analyzing microorganisms within the
root canals of teeth with periapical lesion
have found that E.faecalis and C.albicans are
the most common species in root-filled teeth
evincing recalcitrant periradicular lesions and
as a consequence, role in causation of
endodontic treatment failure has been
suggested.?

Several chemicals and therapeutic
agents are used to disinfect the root canal
system. Sodium hypochlorite has been the
most widely used irrigant for several decades
but it has several undesirable characteristics.
In the root canal treatment of deciduous teeth,
NaOCI can damage permanent tooth follicles,
peripheral tissues and oral mucosa®. These
reasons have prompted researchers to look for
other alternatives.

Herbal products such as Propolis,
Morinda citrifolia, Arctium lappa, Triphala,
Green tea polyphenols (GTP), German
chamomile, tea tree oil, Neem, Aloe vera etc
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have been reported to exert antimicrobial,
anti-inflammatory and antioxidant properties.*

Triphala is an Indian ayurvedic herbal
formulation consisting of dried and powdered
fruits of three medicinal plants Terminalia
bellerica, Terminalia chebula, and Emblica
officinalis. Its antioxidant, anti-inflammatory,
and radical scavenging activity may have an
added advantage over the traditional root
canal irrigants®. Triphala is rich in citric acid,
which may aid in removal of smear layer
thereby acting as chelating agent and also
found to be alternative to sodium hypochlorite
for root canal irrigation®.

Neem (Azadirachta indica) has broad
spectrum of therapeutic properties like
antibacterial, antifungal, antiviral, antioxidant,
anti-inflammatory, antipyretic, analgesic and
immunostimulant activity. Furthermore, it
also has an anti-adherence activity by altering
bacterial adhesion and their ability to
colonize. Its biocompatibility to human
periodontal ligament fibroblasts is an
important factor favouring its clinical
application®. In various studies Neem leaf
extract has shown effectiveness against
E.faecalis making it a potential agent for root
canal irrigation as an alternative to sodium
hypochlorite®.

Green tea polyphenols is a traditional
drink of Japan and China prepared from the
young shoots of Tea plant, Camellia Sinensis.
GTPs have demonstrated antioxidant, anti-
inflammatory and antimicrobial properties in



numerous in vivo, in vitro studies. Its anti-
oxidative properties can be attributed to the
ability of the polyphenols contained in the
leaves of Camellia Sinensis, especially the
gallocatechins, to inactive free radicals.
Green tea contains flavonoids that inhibit the
growth and activity of the bacteria and also
found to be a good chelating agent®.

However, there is lack of sufficient
documentation or data regarding the
antibacterial activity of these products when
used as irrigating solutions in endodontics.
Hence the aim of the present study was to
assess and compare the antimicrobial efficacy
of Triphala, Neem leaf extract, Green tea and
2.5% NaOCI against Enterococcus faecalis
and Candida Albicans especially in primary
teeth.

MATERIALS AND METHODOLOGY
MICROORGANISMS TESTED

E. faecalis (ATCC 29212)

C. albicans (ATCC 18804)

Pure cultures of E. faecalis (ATCC 29212) and
C.albicans (ATCC 18804) were suspended in 5.0
ml of brain heart infusion broth and Sabourauds
dextrose broth respectively. The cell suspension
was adjusted spectrophotometrically to match the
turbidity of 1x10® CFU/mL (equivalent to 0.5
McFarland standards).

PREPARATION
SOLUTIONS
e Preparation of Triphala and Green tea
solution : Triphala and GT powders were
made into a solution by dissolving them in
10% dimethyl sulfoxide (DMSO).’
e Preparation of Neem leaf extract :
Mature fresh Azadirachta indica
leaves were washed in sterilized distilled
water and weighed in a sterile disposable cup.
100gms of fresh neem leaves were added to
50ml of absolute ethanol. Mixture was
macerated for 1-2 mins. Extract was filtered
through muslin cloth for coarse residue.
Extraction process was repeated again using
coarse residue and 25ml ethanol. Both the
extracts were pooled together and filtered
through fast filter paper. Alcohol part was
removed from the extract on water bath till
the volume was about 25ml. Extract was

OF IRRIGANT
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ready and stored at 4°C until used for the
assay.®
METHODOLOGY:

One hundred and forty extracted
human single rooted primary teeth were
collected and stored in 10% formalin. Each
tooth was decoronated and instrumented 0.5
mm short of apex with a 35k - file,
maintaining 7 mm of working length. 1 ml
NaOCI was used for cleaning and shaping.1l
ml EDTA was used to remove the smear
layer. All the roots were autoclaved and
divided into two groups (group 1 and group
2). Each group contained 70 samples. Five
autoclaved samples from each group were
transferred to sterile broth to serve as negative
controls. Remaining root canal samples in
group 1 were inoculated with 1ul of
Enterococcus faecalis suspension and group 2
samples were inoculated with 1ul of Candida
albicans  suspension using a sterile
micropipette. All the samples were incubated
at 37°c for 48 hrs. Five infected samples from
each group were kept as positive control for
E.faecalis and Candida albicans respectively.
The infection of samples was confirmed by
sampling the culture of E.faecalis on Mac
Conkeys agar and Candida albicans culture on
Sabouraud’'s dextrose agar. Each group is
further divided into 4 experimental sub
groups according to the irrigant used. Each
sub group contained 15 samples.

Group 1a/2a- irrigated with 5 ml Triphala
Group 1b/2b- irrigated with 5 ml Neem leaf
extract

Group 1c/2c- irrigated with 5 ml Green tea
Group 1d/2d- irrigated with 5 ml 2.5%NaOCl.

All the samples were then washed with
distilled water to prevent carryover of
irrigants, transferred into tubes containing
2ml of BHI broth and SD broth and
aseptically cultured in an incubator at 37°c for
96 hrs. After 96hrs the tubes were examined
for the presence of turbidity. Numbers of
positive and negative samples were recorded.
Then the microbial count was detected,
colony count was performed and tabulated.
The data was subjected to statistical analysis.
Kruskal-Wallis test and Mann-Whitney test
were used for statistical analysis.
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RESULTS
Analysis of E.faecalis growth in the groups:
Table:1 Mean and standard deviation values of E.faecalis growth according to irrigants used.

SE of 95% CI for Mean
Group Mean S M Lower Upper Min Max P-Value
ean
Bound Bound

NaOCL 4.20 1.01 0.26 3.64 4,76 3 6
Triphala 14.13 1.25 0.32 13.44 14.82 12 16

<0.001*
Neem Leaf Extract | 6.07 0.80 0.21 5.62 6.51 5 7
Green Tea 8.80 1.01 0.26 8.24 9.36 7 10

*denotes significant difference

Table 2: Multiple group comparisons for E.faecalis growth.

(1) Group (J) Group Mean Difference (1-J) | P-Value 95% Cl for Mean Diff
Lower Bound Upper Bound
Triphala -9.933 <0.001* -10.963 -8.904
NaOCL Neem Leaf Extract -1.867 <0.001* -2.896 -0.837
Green Tea -4.600 <0.001* -5.629 -3.571
Triohala Neem Leaf Extract 8.067 <0.001* 7.037 9.096
P Green Tea 5.333 <0.001* 4.304 6.363
Neem Leaf Extract Green Tea -2.733 <0.001* -3.763 -1.704

*denotes significant difference
GRAPH 1: Box-Plot of E.Fecalis growth in the tested groups:
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Analysis of Candida growth in the groups:
Table:3 Mean and standard deviation values of C.albicans growth according to irrigants used.

Group Mean SD SMig:] 95% Cl for mean r’:’“ Max P-Value
Lower Bound | Upper Bound

NaOCL 3.53 0.52 0.13 3.25 3.82 3 4

Triphala 13.60 1.24 0.32 12.91 14.29 12 16 1*

Neem Leaf Extract | 533 | 1.18 | 030 | 4.68 5.98 3 |7 <0.00

Green Tea 8.27 1.03 0.27 7.69 8.84 7 10

*denotes significant difference
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Table 4: Multiple group comparisons for candida growth.

Mean 95% CI for Mean Diff
1) Gro J) Gro Difference P-Value

M up ) up (IlJ) . Lower Bound | Upper Bound

Triphala -10.067 <0.001* -11.097 -9.036

NaOCL Neem Leaf Extract -1.800 <0.001* -2.830 -0.770

Green Tea -4.733 <0.001* -5.764 -3.703

Triohala Neem Leaf Extract 8.267 <0.001* 7.236 9.297

P Green Tea 5.333 <0.001* 4.303 6.364

Neem Leaf Extract | Green Tea -2.933 <0.001* -3.964 -1.903

*denotes significant difference

GRAPH 2: Box-Plot of Candida Growth in
the groups:

Candida growth
T T

For E.feacalis:

Higher mean E.feacalis growth
(CFUI/ml x10?) in Triphala group followed by
Green tea, Neem leaf extract and 2.5% NaOClI
respectively. The difference in E.feacalis
growth among the groups was found to be
statistically significant (P<0.001) as shown in
table 1. Graphical representation of the same
is shown in graph 1.

Multiple comparisons between the
groups using Mann-Whitney test showed that
the difference in mean E.faecalis growth was
statistically significant between NaOCl &
Triphala (P<0.001), NaOCl & Neem leaf
extract (P<0.001), NaOCl & Green Tea
(P<0.001), Triphala & Neem Leaf Extract
(P<0.001), Triphala & Green Tea (P<0.001)
as well as between Neem Leaf Extract &
Green Tea (P<0.001).

For C.albicans:
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Higher mean candida growth (CFU/ml
x10?) in Triphala group followed by Green
tea, Neem leaf extract and NaOCI
respectively. The difference in candida
growth among the groups was found to be
statistically significant (P<0.001) as shown in
table 3. Graphical representation of the same
is shown in graph 2.

The difference in mean candida
growth was statistically significant between
NaOCl & Triphala (P<0.001), NaOCl &
Neem leaf extract (P<0.001), NaOCIl & Green
tea (P<0.001), Triphala & Neem leaf extract
(P<0.001), Triphala & Green tea (P<0.001) as
well as between Neem leaf extract & Green
tea (P<0.001).

DISCUSSION:

The greatest cause of endodontic and
periapical pathosis is microbial infection of
the dental pulp. The presence of
microorganisms negatively influences the
outcome of root canal treatment. Therefore,
the use of irrigation solution is essential to
ensure  microbial  elimination.  Sodium
hypochlorite is currently the most widely used
root canal irrigant.® It is a broad spectrum
antimicrobial agent that has proven to be
effective against bacteria, bacteriophages,
spores, yeasts, and viruses.'® However, its
potential  toxicity and biocompatibility
problems associated with the wuse of
concentrated NaOCI have led to the use of
substances  with  known  antimicrobial
properties, less toxicity and higher safety.

There has been growing interest in the
use of herbal products for therapeutic
application. Accordingly various studies have
been carried out with different plant products.



There possible activity as antimicrobial agents
has been of particular interest. The major
advantages of using herbal alternatives are
easy availability, low toxicity and lack of
microbial resistance which would appear
prudent to replace conventional root canal
irrigant, sodium hypochlorite.

Bystrom and Sundquist reported that
0.5%NaOCI was more effective than saline as
an irrigant confirming the antimicrobial
properties of that substance.l® Siqueira et al.
found no difference in the antibacterial effect
of 1%, 2.5%, and 5.2% NaOCIl. They
suggested that copious irrigation with NaOCI
may maintain a chlorine reserve that is
sufficient to eliminate bacterial cells and
compensate for the effect of concentration.
Although less concentrated solutions have
shown antimicrobial effectiveness, higher
concentrations of NaOCI present faster and
greater bactericidal effect. However higher
the concentration greater its cytotoxic effect.!!

In the present study 2.5% NaOCI has
shown maximum antimicrobial effect against
E.faecalis and C.albicans resulting in
microbial collections close to zero or
minimum growth. These results are in
accordance with studies conducted by
Radcliffe et al and Vienna et al, who found
that 2.5% NaOCI inhibited the growth of all
tested microorganisms in 5 and 10 min. 1213

In our study Neem leaf extract showed
maximum  antimicrobial effect against
E.feacalis and C.albicans following NaOCI.
In a study conducted by Nayak Arathi et al
also found that ethanolic extract of Neem leaf
showed significant antibacterial activity
against E.faecalis and C.albicans.'* Therefore
ethanolic extract of Neem leaf was used in the
present study. Ethanolic extract Neem leaf
contains  saponins, tannins, glycosides,
flavonoids, alkaloids, reducing sugars and
terpenes.’® These compounds could be
responsible for its activity against E.faecalis.
In the present study antioxidant and
antimicrobial properties makes it a potential
agent for root canal irrigation as an alternative
to sodium hypochlorite.

In agreement with our results Bohora
and co-workers in their study concluded that
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the Neem leaf extract has significant
antimicrobial effect against E.faecalis derived
from infected root canal samples.® In a study
conducted by Pulipparambil et al, Azadirachta
Indica  extract  exhibited significant
antimicrobial  effect against E.faecalis
colonization similar to NaOCI.1®

In another study conducted by Dutta
and Kundabala, Neem leaf extract showed
maximum growth inhibition of C.albicans and
E.faecalis similar to 2.5% NaOCI.}" Results
of the present study support the above
findings.

In an in vitro study conducted by
Tyagi et al, 5% sodium hypochlorite has
shown maximum antimicrobial effect against
C.albicans compared to Neem leaf extract
with statistical significance between the
groups though the concentration of NaOCI
used was more compared to that used in the
present study.’® Similar findings were
observed in the present study where 2.5%
NaOCI was found to be more effective than
Neem leaf extract with a statistical
significance between the two groups.
However, these results are not in accordance
to those reported by Rosaline et al*® and
Dubey et al.?® Their studies showed
significant superior antimicrobial efficacy of
Neem compared to NaOCI.

In a study conducted by Vinoth kumar
et al, Neem leaf extract showed similar
efficacy to 5.25% NaOCI in reducing
E.faecalis and C.albicans without a significant
difference between two groups.? In our study
2.5%NaOClI was found to be more effective
compared to Neem leaf extract.

In the present investigation Green tea
and Triphala exhibited significant
antimicrobial efficacy but were inferior to
NaOCl and Neem. Green tea exhibited
significantly  better antimicrobial effect
compared to Triphala. In studies conducted by
Prabhakar et al 2> and Pujar et al 7 Sodium
hypochlorite has  shown maximum
antibacterial  activity against E.faecalis
biofilm formed in tooth substrate and among
the herbal irrigants tested. Although Triphala
and Green tea polyphenols exhibited similar
antibacterial sensitivity, Triphala showed



more potency on E.faecalis biofilm. In the
present study NaOCI showed significantly
higher antibacterial effect against E.fecalis
compared to herbal irrigants. These findings
are in accordance with the findings in above

mentioned studies. 2% However in the
present study Green tea  exhibited
significantly  greater antibacterial effect

compared to Triphala in contrast to above
mentioned studies.?*®  The antimicrobial
action of GT might be attributed to its
flavonoid content by inhibition of bacterial
enzyme gyrase by binding to Adenosine
triphosphate B sub unit.

Triphala and GTPs are proven to be
safe, containing active constituents that have
beneficial physiologic effect apart from its
curative property such as antioxidant, anti
inflammatory, and radical scavenging activity
and may have an added advantage over the
traditional root canal irrigants.” Dimethyl
sulfoxide (DMSO) is used as a solvent for
Triphala and GTP, although they are readily
soluble in water. DMSO is a clean, safe,
highly polar, aprotic solvent that helps in
bringing out the pure properties of all the
components of the herb being dissolved.?

The findings of present study
corroborate some previous in vitro studies
although few others showed varying results.
The inconsistencies in the results could be due
to the differences in methodology and
variation in the strains tested. Also the time of
exposure could be decisive in the efficacy of
the substance.

Further studies should test the
susceptibility of antimicrobial substances
against the mixed biofilms because most
odontogenic infections are polymicrobial in
nature.

CONCLUSION:

Based on the results of the present
study it can be concluded that all the tested
irrigants showed significant antimicrobial
efficacy. The order of efficacy of different
groups was as follows: 2.5%NaOCIl > Neem >
Green tea > Triphala. Among the herbal
irrigants tested Neem leaf extract has
maximum antimicrobial effect. Neem has
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shown promising results when used as

irrigant.
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