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ABSTRACT

Acritical step in periodontal regenerative therapy is to alter the periodontitis affected root surface to make it a hospitable
substrate, to support and encourage migration, attachment, proliferation and proper phenotypic expression of
periodontal connective tissue progenitor cells. So, the Concept of Biochemical modification has emerged as a potential
therapeutic approach to the reconstruction of the periodontal unit. One of the important goals in periodontal therapy is to
facilitate formation of new connective tissue attachment on the denuded root surface. This type of regeneration is
described by the term 'New attachment'. It can be described as embedment of new periodontal ligament fibres on to
new cementum previously denuded by the periodontal disease. The periodontium consists of a cell and tissue complex
organized into basic components of cementum, periodontal ligament and alveolar bone. The challenge of regeneration

is to reconstitute this complex onto the root surface.
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INTRODUCTION

Periodontitis involves an inflammatory process of
bacterial origin, affecting the periodontal tissues
and provoking the destruction of the supporting
tissues of the teeth. Periodontitis causes
pathological alteration of the periodontium seen as
loss of connective tissue attachment to the tooth,
loss of supporting alveolar bone and apical
migration of the junctional epithelium along the
root surface. The ultimate goal of periodontal
treatment seeks to preserve the tooth in functional
and comfortable good health, and at the same time
maintaining the esthetic expectations of the
patient. The rationale for chemically developing a
biologically compatible root surface has emerged
as a result of the structural and biochemical
damage following exposure of the root surface to
the oral cavity as a consequence of periodontal
disease. These undesirable disease-induced
alterations in and on the root surface include
reduced collagen fiber insertion, alterations in
mineral density and surface composition, and root

surface contamination by bacteria and their

endotoxins .

Research regarding periodontal therapy has made
it clear that standard treatment techniques do not
result in periodontal regeneration, once root
exposure occurs. Perhaps the oldest and most
frequently attempted type of periodontal
regeneration has involved chemical modification
of root surface . The goal of this regeneration
procedure is to determine the alterations of disease
root surface that would create an appropriate and
hospitable surface for cell attachment and
eventually development of fibre attachment .’
Mechanical instrumentation (scaling and root
planing) leaves a smear layer, which affects cell
reattachment and can serve as a reservoir for
microbial growth . Therefore, chemical
conditioning of the roots has been performed to
remove the smear layer and improve
biocompatibility. After smear-layer removal, the
dentinal collagens are exposed, and they are
supposed to be a chemo-attractant for periodontal
fibroblasts . The mechanism by which these

chemicals operate on the root surface is not well
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understood, but it has been hypothesized that
demineralizing agents act by exposing collagen
fibers within the root matrix thereby facilitating
attachment by other fibers in the periodontium,
and/or by decontaminating the root surface via
elimination of endotoxin and bacteria, and/or by
removal of the root debris allowing for the
unobstructive attachment of regenerative cells to
the root surface . The rationale for this approach
was that a major requirement of regeneration of
connective tissue attachment to a denuded,
periodontitis affected root is migration and
attachment of connective tissue cells to the root
surface .

HISTORY

As early as 1833, Marshall presented a case of
pocket eradication with “presumable clinical
reattachment” after the use of aromatic sulfuric
acid . In the 1890s; Stewart described the use of
acids in conjunction with the mechanical removal
of calculus and cementum . The potential of acid
demineralization of root surfaces as an adjunct to
new attachment procedures gained popularity
following studies by Urist (1965) that suggested
that dentin following acid demineralization
possessed inductive properties .' The results of the
studies by Urist encouraged Register, ef al. in
(1973) to perform the first controlled study on the
use of acid on root surfaces. They investigated
whether new attachment, cementogenesis and
osteogenesis could be induced adjacent to tooth
roots demineralized in vivo. Optimal
cementogenesis and new connective tissue
attachment occurred when roots were
demineralized with citric acid, pH 1.0 for 2-3min.
A.M. Polson and M.P. Proye studied the effect of

citric acid treatment of the denuded root resulted in

new connective tissue attachment, and the
response appeared to be dependent upon early
establisment of fibrin linkage with the root surface
. Terranova, et al. in 1986 have shown that the
tetracycline treatment of root surface suppresses
laminin binding and epithelial cell growth and
attachment . Several studies have reported
controversial results regarding the use of root
surface conditioning. Sture Nyman, Lindhe, and
Karring studied the healing following surgical
treatment and root demineralization in monkeys
with periodontal disease reported that citric acid
conditioning of the root dentin surface did not
promote cementum formation and new connective
tissue attachment .'

These findings have provided the basis for later
studies using root surface demineralization in
periodontal regeneration attempts in both in
vitroand in vivo model systems. Hence root
biomodification procedures have been introduced
by using a variety of agents to detoxify,
decontaminate and demineralize the root surface,
thereby removing the smear layer and exposing the
collagenous matrix of dentin and cementum .
Since then various root conditioners have been
used which include e.g., citric acid, tetracycline
HCI, EDTA, phosphoric acid, and hydrogen
peroxide, enamel matrix proteins, recombinant
human growth factors, platelet-rich plasma, and
dentin bonding conditioner. In addition to
chemical conditioning, the applicability of
different laser systems, such as the CO2, Nd:YAG
diode, and Er:YAG laser in the removal of the
smear layer has been demonstrated.

METHODS OF ROOT CONDITIONING
Various methods for root conditioning have been

attempted. These include mechanical methods,
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chemical methods, growth factors and lasers .
MECHANICALMETHODS

Mechanical modification of root surface involves
scaling and root planing. This includes removal of
cementum, removal of softened dentin, or the
smoothening of surface irregularities. Although,
the effectiveness of scaling and root planing has
been well documented, its efficacy in making the
root surface disease free has been questioned,
since such root modification may not completely
remove contaminated cementum particularly in
apical areas. A smear layer will inevitably cover
the instrumented surface. Thus alternate
approaches were suggested to overcome the
limitations inherent in the mechanical root
cleansing therapy .

CHEMICALMETHODS

Root surfaces affected by periodontal diseases can
undergo structural and chemical changes due to
the effects of cytotoxic and other biologically
active substances from periodontal pathogens .
This bacterial contamination prevents the
reattachment of gingival and periodontal cells and
cannot be reversed by the use of conventional
scaling and root planing procedures alone, as they
are not able to fully eliminate the infection due to
the production of a compact smear layer [22-.
Because the presence of a smear layer is unsuitable
for reattachment of periodontal connective tissue,
the purpose of surface demineralization is to
recreate a biologically active substrate for
periodontal cellular reattachment . 'Therefore,
chemical conditioning agents are often used to
help remove root surface impurities including
minerals and cytotoxic materials derived from
bacterial products.

Classification of root surface biomodification

agents
Various chemicals have been used on root surface
to remove the smear layer, thus promoting healing
and further enhancing clinical outcomes. The
application of growth factors on root surface to
enhance periodontal regeneration has also been
focus of research recently. Lasers have been used
toremove smear layer from the root surface.
The root surface biomodification agents are
broadly classified into following categories
1. Root conditioners

Citric acid

Tetracycline HCI

EDTA

Fibronectin

Laminin

Doxycycline

Minocycline

Polyacrylic acid

Phosphoric acid

Formaline

Chlorhexidine

Hydrogen peroxide

Cetyl pyridium chloride and sodium-n-lauroyl
sarcosine

Cohnns factor

Bile salts and plasma fractions
2. Enamel matrix proteins
3. Platelet rich plasma
4. Recombinant human growth factors
5. Hyaluronic Acid
6. Lasers
Root surface conditioners
These agents are applied on the root surface to
remove the smear layer, open and widen the dentin
tubules, and expose the dentin collagen matrix.

Following is the detailed description of root
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conditioners,

Citric acid: Citric acid was suggested for smear
layer removal by Register and has been studied
extensively . It contains two or more groups in its
molecule which can combine with calcium and act
as chelating agent. It can participate in surface
exchange; with citric ions replacing phosphate
ions in the hydroxyapatite crystals. Citric acid acts
on dentinal hydroxyapatite by releasing hydrogen
ions which demineralizes the crystalline structure .
It has been shown that citric acid demineralization
enhances new attachment/reattachment and
regeneration by antibacterial effect, root
detoxification, exposure of root collagen and
opening of dentinal tubules, removal of smear
layer and by initial clot stabilization.” Citric acid
has been shown to produce more clot stabilization
on dentin surface than tetracycline hydrochloride,
ethylenediamine tetraaceticacid (EDTA), sodium
citrate or a saline solution . Register reported
reattachment of collagen fibers to previously
denuded root surfaces following treatment of root
surface with citric acid (pH 1.0) and application
time of 2-3 minutes . It has been demonstrated that
application of citric acid (pH= 1) for 3 minutes
using a rubbing pressure on the surface results in a
complete removal of smear layer and exposure of
smoother root dentin surface with relatively wide
dentinal tubular openings (flared or funnel shaped)
even up to 8.88 um . A set of histological studies
were conducted to evaluate regeneration following
application of citric acid to root surfaces. The pH
ofthe acid ranged between 1-3, and the duration of
application was between 2-5 minutes. The results
showed connective tissue regeneration (1.2-2.1
mm) following acid treatment. On the contrary, a

study on monkey models determined that citric

acid application did not promote formation of new
cementum and connective tissue . It was seen that a
3 minute application of citric acid pH-1 to the root
surface after SRP demineralised the outer root
surface, opened the dentinal tubules and exposed
the collagen fibres. SRP alone left the surface with
a smear layer, scattered islands of cementum and
no collagen fibres or exposed dentinal tubules .
Some drawbacks associated with citric acid
application include formation of extremely acidic
environment in the surrounding tissues, which
may result in unfavourable wound healing
responses . Its low pH has also been shown to
induce cytotoxic effects when in direct contact
with periodontal cells . The factors influencing the
effects of citric acid on root surface include
concentration of the acid pH of the acid, duration
ofapplication and mode of application.
Tetracycline hydrochloride: The tetracyclines
are a group of bacteriostatic antimicrobials
effective against a wide range of organisms. The
unique property of drugs of this group is their
ability to modulate the host response.” This
antimicrobial group of drugs has been shown to
have matrix metalloproteinase inhibitory and anti-
inflammatory properties. Along with this,
tetracycline hydrochloride inhibits microbial
attachment and has root surface conditioning
properties . It has been demonstrated that
tetracycline conditioning of the root surfaces not
only removes the surface smear layer, but also
inhibits collagenase activity and bone resorption
and by its local antimicrobial effects .

Thus, in brief the properties of tetracycline
hydrochloride which make it a suitable root
surface biomodification agent are,

It enhances attachment and growth of gingival
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fibroblasts, thus facilitating regeneration.

It has anti-collagenase activity.

It has anti-inflammatory properties.

It has high substantivity.

It inhibits parathyroid hormone induced bone
resorption

It also has an indirect relation to regeneration.
Application of low pH tetracycline increases
fibronectin and other extracellular matrix
glycoprotein binding to the root surface, thereby
enhancing fibroblast attachment and growth on the
root surface. At the same time it suppresses the
proliferation and growth of epithelial cells.
Tetracycline hydrochloride has sustained release
from root surface for at least 48 hours and up to 14
days, which provides its antibacterial properties
during healing period .’ It was demonstrated that
10 or 100 mg/ml solutions of tetracycline
hydrochloride were sufficiently concentrated to
remove the smear layer and expose a regular
pattern of open dentinal tubules . The application
time suggested is 2-3 minutes since long etching
time of 3 minutes and above has been shown to
impair periodontal healing .

Effect of citric acid and tetracycline
hydrochloride on fibroblast behaviour: Studies
have demonstrated that they can also influence
fibroblast behaviour thereby improving their
attachment and migration on root surface. The
proposed mechanisms by which these influence
fibroblast behaviour are.

Induced cementogenesis

Collagen splicing

Fibronectin fibrin-collagen binding thereby
inhibiting epithelial apical migration

Enhanced fibroblast chemotaxis, migration and

attachment

Ethylene-diamine-tetra-aceticacid (EDTA):
Use of acidic agents to demineralize the root
surface had a drawback of adversely affecting the
surrounding tissues. So, a chemical agent that
could remove the smear layer and demineralize the
tooth surface at neutral pH was required. EDTA is a
chelating agent which is used widely during
endodontic treatment. EDTA exerts its
demineralizing effect through chelating divalent
cations at neutral pH. Studies have shown that
application of 18% EDTA on root surface
improves fibroblast attachment and migration on
the root surface and also facilitates development of
an oriented fiber attachment system between the
demineralized surfaces . On the contrary, results
of some other studies which used 24% of EDTA
(pH 7.07.2) and applied it to root surfaces for 23
minutes showed no difference in probing depth,
clinical attachment level and probing bone levels
between EDTA treatment and control root
surfaces.

Fibronectin: Fibronectin is a high molecular
weight extracellular matrix glycoprotein with a
molecular weight of approximately 440 KDa. It is
a dimer consisting of two nearly identical
monomer strands linked by a pair of disulphide
bonds . It is involved in many cellular processes,
including tissue repair, embryogenesis, blood
clotting, and cell migration/adhesion. It has a
chemoattractant effect on fibroblasts and
mesenchymal cells and it also promotes cell
adhesion to both collagen and scaled root surfaces.
One important function of fibronectin is that it acts
as a non specific opsonin. It binds to actin and
DNA, thus promoting cellular and tissue debris
removal by macrophages.” It has been shown that

the application of fibronectin to partial
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demineralized root surfaces enhances new
attachment and cell proliferation from periodontal
ligament and supra crestal area . Optimum
concentration for fibronectin application has been
shown to be 0.38 mg/ml saline.

Laminin: The most abundant components of
basement membranes are the laminins and type IV
collagens. While collagen has some adhesion
promoting activity, laminin has been demonstrated
to have potent actions on cells: stimulating cell
adhesion, growth, differentiation, and migration .
It has been shown that laminin promotes gingival
epithelial chemotaxis and in addition, movement
of gingival fibroblasts. The affinity of laminin and
fibronectin are not same towards mineralized
surface. A mineralized surface attract laminin
which favours epithelial proliferation whereas a
demineralized surface attract fibronectin and
favour fibroblast proliferation.

Doxycycline: Doxycycline belongs to the
tetracycline group of drugs. It is an effective
antimicrobial agent against periodontal pathogens.
Along with this, it has anti enzymatic properties.’
Topical application of doxycycline has shown a
long lasting substantivity on periodontally
diseased root surfaces. It has been demonstrated
that the antibacterial effect of doxycycline persists
on the conditioned root surface upto 14 days.
Polyacrylic acid: Being a weak acid polyacrylic
acid has been used as root surface conditioning
agent. Its acid etching effect removes smear layer
from the root surface making it more suitable for
healing. One study compared periodontal healing
after application of polyacrylic acid for 20 seconds
and citric acid application for 3 minutes on root
surface. Results demonstrated a greater connective

tissue adhesion to root surface in case of

polyacrylic acid treated teeth as compared to citric
acid treated teeth . Because a little clinical data is
available regarding effect of polyacrylic acid on
root surface and its biological effects, more
clinical research is required to authenticate its
clinical use.

Many other agents such as phosphoric acid,
formaline, chlorhexidine, hydrogen peroxide,
cetyl pyridium chloride and sodiumnlauroyl
sarcosine, Cohnns factor and bile salts and plasma
fractions have also been investigated as root
surface biomodification agents, but there is scanty
evidence available for their use in comparison to
routinely used agents such as citric acid,
tetracycline hydrochloride or EDTA.

Platelet rich plasma (PRP)

Platelets are important component of blood
coagulation cascade. Major components of
platelet structure are secretory granules (primary,
secondary and tertiary granules), which contain
growth factors, coagulation proteins, adhesion
molecules, cell activating molecules, cytokines,
integrins, inflammatory molecules, and some
other molecules, which are synthesized in
megakaryocytes and packaged into the granules
through vesicle trafficking processes. The concept
behind PRP application for periodontal
regeneration is to obtain high density platelet
concentrate from patient's own blood and then
applying this concentrate in the area of periodontal
wound healing where regeneration is desired.
*Platelet derived growth factor (PDGF) is a major
mitogen for fibroblasts, smooth muscle cells, and
other cells . Platelets synthesize a mixture of the
three possible PDGF isoforms (70% AB, 20% BB,
10% AA) . It has been shown that PDGFAB is a
potent stimulator of DNA synthesis in fibroblasts .
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Recombinant human growth factors

Application of growth factors for periodontal
regeneration is a major focus of research presently.
Various growth factors which are believed to
contribute to periodontal regeneration include the
platelet derived growth factor (PDGF), insulin like
growth factor (IGF), transforming growth factor
(TGF), epidermal growth factor (EGF), fibroblast
growth factor (FGF), and bone morphogenetic
protein (BMP). In general, these growth factors
promote proliferation of fibroblasts from the
periodontal ligament and favour bone formation.
Research has provided evidence for improved
cellular response following growth factor
application. The effect of human platelet derived
growth factor- BB on attachment of periodontal
ligament cells on root surfaces was investigated’.
The results demonstrated that citric acid combined
with platelet derived growth factor-BB showed
better results than EDTA and tetracycline
hydrochloride on attachment of periodontal
ligament cells on root surfaces . Recently in an in-
vitro study it was seen that the combination of
EMD and PDGF-BB produces greater
proliferative and wound-fill effects on PDL cells
than each by themselves. If these combined effects
can be translated clinically, one may see greater
regeneration in periodontal defects with this
combination . In another study it was seen that
EMD and TGF-$1 may play an important role in
periodontal regeneration. EMD induced PDL
fibroblast proliferation and migration, total protein
synthesis, ALP activity, and mineralization, while
TGF-$1 increased cellular adhesion. However, the
combination of both factors did not positively alter
PDL fibroblast behaviour . PDGF-BB in

concentrations equal to or greater than 50 ng/ml

demonstrates a significant stimulation of PDL
cells adherence to periodontal diseased root
surface. Hence it has an important role in
promotion of the PDL healing and can be useful in
clinical application for the promotion of
regeneration of the periodontal tissue .

Enamel matrix proteins

It is well established that organic matrix play a key
role in mineralization. The enamel matrix proteins
are involved in early tooth development and play a
vital role during formation of cementum,
periodontal ligament and alveolar bone.
Application of enamel matrix proteins on root
surface creates a biological environment similar to
that during tooth development favouring
periodontal regeneration. In recent year's
biomodification of root surface with Enamel
Matrix Protein during surgery, following
demineralization with EDTA has been introduced.
It is based on the biologic concept that the
application of Enamel Matrix Protein
(amelogenins) may promote periodontal
regeneration as it mimics events that take place
during the development of periodontal tissues .’
Clinical trials have been conducted for the
assessment of the effectiveness of Enamel Matrix
Protein regarding its ability to improve periodontal
health. In vitro (cell culture) exposure of
fibroblasts to EMD's was done to find out
fibroblast response to these proteins. It was found
that EMD's enhanced proliferation of PDL cells,
but not epithelial cells. Total protein production by
PDL cells was increased and mineralized nodule
formation of PDL cells was also increased . Other
potential mechanisms which potentiate
periodontal regeneration upon EMD application

include increase attachment of periodontal
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ligament fibroblasts to diseased root surfaces ,
increased production of growth factor , limiting
epithelial down growth , and increased matrix
formation by affecting fibroblast mRNA levels for
synthesis of matrix proteoglycans and hyaluronic
acid.

Emdogain®: It is the commercial available
formulation of EMD. It is extracted from
developing embryonal enamel of porcine origin
and contains several matrix proteins from the
amelogenin family. Several studies have shown
that EMD influences the migration, attachment,
proliferative capacity and biosynthetic activity of
periodontal ligament cells .

Hyaluronic Acid (HA)

HA is an essential component of the periodontal
ligament matrix and plays various important roles
in cell adhesion, migration and differentiation
mediated by the various HA binding proteins and
cell-surface receptors such as CD44 . HA has been
studied as a metabolite or diagnostic marker of
inflammation in the gingival crevicular fluid
(GCF) as well as a significant factor in growth,
development and repair of tissues . Hyaluronan has
numerous roles in the initial inflammatory stages
such as the provision of a structural framework via
the interaction of Hyaluronan with the fibrin clot,
which modulates host's inflammatory and
extracellular matrix cell infiltration into the
inflamed site’. Hakansson, et al. suggested role of
Hyaluronan in migration and adherence of
polymorphonuclear leukocytes and macrophages
at the inflamed site and the phagocytosis and
killing of invading microbes . HA accelerates the
bone regeneration by means of chemotaxis,
proliferation and successive differentiation of

mesenchymal cells. HA shares bone induction

characteristics with osteogenic substances such as
bone morphogenetic protein-2 and osteopontin .
Gengigel® (Ricerfarma S.r.l., Milano, Italy)
contains high molecular weight fractions of HA in
a gel formulation with 0.2% concentration for its
effect in the treatment of plaque-induced gingivitis
as an adjunct to SRP . Hyaluronan also induces the
production of proinflammatory cytokines by
fibroblasts, keratinocytes, cementoblasts and
osteoblasts which promote the inflammatory
response and consequently stimulate hyaluronan
synthesis by endothelial cells .

Lasers

Lasers have been studied for their effect on root
surface as well as for their effects on the behaviour
on periodontal ligament cells . Although, laser
therapy has been widely studied in periodontics for
pocket debridement, wound healing and in various
surgical approaches but there is insufficient data
available regarding its efficacy in root surface
biomodification when compared with other
traditionally used root surface conditioners.

A study concluded that the usage of the CO2 and
Er:YAG laser at the determined power settings can
treat dentin hypersensitivity and reduce its
symptoms significantly.” However, the Er:YAG
laser has a greater effect on tubular occlusion with
less thermal change; thus it may act as a useful
conditioning tool under such conditions [86]. An in
vivo study examined morphologic alterations in
the periodontal pocket epithelium with presence or
absence of clinical inflammation following the use
of the Neodymium: Yttrium-Aluminum-Garnet
(Nd:YAG) laser irradiation. The SEM and
histologic findings demonstrated the feasibility of
ablating pocket epithelium with an Nd:YAG laser
irradiation using parameters of 2 W of power (200
mlJ, 10 pps). Furthermore, the presence or absence
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of clinical inflammation appeared to have an
impact on the degree of laser-mediated epithelial
ablation .

One study was aimed at evaluating the effect of
Er:YAG laser irradiation at 100mJ, 15pps on root
surface using scanning electron microscope, to
determine the laser's ability to remove
lipopolysaccharides using infrared spectrometry.
The results of the study showed that Er: YAG laser
could remove 83% of lipopolysaccharide from the
root surface, suggesting Er:YAG laser as a useful
root conditioner . 'Laser application on root
surface has a significant effect on fibroblast
attachment. In an in vitro study, the effect of
Nd:YAG laser (at energy 75 mJ at 20 pulse/sec
using a 320 wm contact fiber for 1 minute) was
evaluated on fibroblast attachment to non-diseased
root surfaces. The study concluded that laser
exposure denatures the surface protein which
inhibits fibroblast attachment .

CONCLUSION

It is well established that the periodontally
diseased root surface does not favour regeneration
of the periodontium due to its surface
characteristics. Demineralization has been shown
to alter the diseased root surface, creating a more
acceptable surface that can influence events in
wound healing. An understanding of the early
events in wound healing, therefore, appears
critical to the selection of appropriate agents and
their potential to promote regeneration. However
evidence to date suggests that the use of root
conditioning agents to modify the root surface
provides no benefit of clinical significance for
regeneration in patients with chronic periodontitis
. Histologic evidence seems to suggest that new
connective tissue attachment and some limited
regeneration may result from root surface
conditioning. However, this histologic healing
pattern does not result in significant improvement

in clinical conditions beyond non-acid treated
control sites. These results should be interpreted in
light of the inability of clinical measurements to
delineate the type of new attachment that has
resulted post-treatment . The best method for
ascertaining the clinical efficacy of acid-treated
root regeneration would be to conduct a
randomized clinical trial with sufficient statistical
power . In the future clinical procedures which rely
on biological principles for root biomodification
may create successful regenerative method using
root conditioning agents.
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