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calcium composite material composed of a porous letalcium phosphate and calcium
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SOUHRN

Uvod. Aloplastické kostni 8py se Siroce uZivaji v sdasnosti v kombinaci s membranami, coz
zaji¥uje realizacitizené tkédové regenerace fiplécbé nitrokostnich parodontalnich chobot
Tato studie byla ¢ena k hodnoceni klinickych vysletlkompozitniho materialu beta trikalcium
fosfatu v kombinaci s kalcium sulfatenti pec¢eni kostnich parodontélnich choboKombinace

uvedenych matriédlumoziuje realizaciizené tk&ove regenerace.

Metoda. Celkem 47 kostnich defeékiu 26 pacierit bylo 1&eno preparatem Fortoss® Vital
(Biocomposites, Staffordshire, UK). Pacienti byledovani po 2 roky. Klinické parametry
hodnoceni zahrnovaly zmy hloubky parodontalnich choligt drover gingivodentalniho
spojeni, gingivalni recesyjomnostci absenci dentalniho plaku, BOP n&at&u (g'ed operaci)

a za 2 roky po operaci.

Vysledky. Po chirurgickém oS&tni se zmensila hloubka parodontalnich chinbetysila se
urover gingivodentalniho spojeni. Redukce hloubky pantélmich chobdt poklesla po 1 a 2
letech od operace o 1,97 + 1.15 mm< 0,0001) a 2,07 + 1,24mnp < 0,0001 ), Urove
gingivodentalniho spojeni stouplao 1,68 £ 1.12 (pm 0,0001) a 1,93 + 1,36mrm € 0,0001),
gingivalni recesy se 2ily o 0,30 £0.71 mmp( = 0,009) a 0,14 £+ 0,73mnp (= 0,571).
Procento ploSek s plakem a s pozitivnim BOP sek@dalo vyznama za 2 roky po operaci ve

srovnanim s vysggnim ed operaci.

Zavér. Lécba parodontalnich kostnich chobdtombinaci beta-trikalcium fosfatu a kalcium
sulfatu vede k signifikantnimu zlepSeni kostnichiogdantalnich chobdt po dvou letech od
oper&nim zakroku. Pro fiesrEjSi dokumentaci efektu tohoto &gobu I€by je poteba jest

dlouhodoljSi sledovani a rozZ&ini pa@&tu sledovanych defekt
11
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SUMMARY

Background Alloplastic bone graft materials are widely beerdishese days in combination
with barrier membranes to achieve guided tissuernegtion in the treatment of periodontal
intrabony defects. This study was designed evaldlae clinical outcome of a composite
material, beta tricalcium phosphate in combinatiath calcium sulphate, in the treatment of
periodontal intra-bony defects. The combinatiorthese materials is believed to aid in guided

tissue regeneration owing to their properties.

Methods Forty seven intrabony defects in 26 periodontiéisignts were treated with Fort8ss
Vital (Biocomposites, Staffordshire, UK). The patie were followed-up for 2 years. Clinical
parameters were evaluated which included changgsoining depth (PD), clinical attachment
level/loss (CAL) and gingival recession (GR), presgabsence of plaque and bleeding on

probing (BOP) at baseline and at one and two ygastoperatively.

ResultsA decrease in probing depths (PD) was noticed ip&i#ents out of the total 26 at one
year postoperatively. At two years postoperativalgecrease in PD was found in all patients but
one. The number of BOP positive sites in relatiortite involved teeth was reduced from 67
(35.64 %) at baseline to 26 (13.83 %) at 1 year28(lL4.89 %) at 2 years postoperatively. The
number of sites with presence of plaque got deeck&rom 25 (26.60 %) to 15 (15.96 %) and
then increased slightly to 18 (19.15 %) during #@ne interval. The mean differences in
measurements between the baseline and one yeapeprasively are a reduction of 1.97 £ 1.15
mm (P= 0.0001) in case of PD, a gain of 1.68 + 1.12 A 0.0001) in CAL and an increase of
0.30 £ 0.71 mmR = 0.009) in GR. The mean differences in measurenisttgeen the baseline

and two years postoperatively are a reduction @7 2 1.14 mm®P = 0.0001) in case of PD, a
13



gain of 1.93 £ 1.36 mmP(= 0.0001) in CAL and an increase of 0.14 £ 0.73 (= 0.571) in

GR

Conclusions The treatment with a combination of beta tricalciyghosphate and calcium
sulphate led to a significantly favourable clinicaprovement in periodontal intrabony defects
two years after the surgery. A longer-term evabratand further studies are necessary to

completely ascertain the effectiveness of this nalteand a larger sample size is needed.
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LIST OF ABBREVIATIONS

BMP Bone morphogenic protein

BOP Bleeding on probing

CAL Clinical attachment level or loss

CPITN Community periodontal index of treatment reeed
DFBDA Demineralised freeze-dried bone allograft
DNA Deoxyribonucleic acid

EMD Enamel matrix derivative

FDBA Freeze-dried bone allograft

Fig. Figure

GBR Guided bone regeneration

GR Gingival recession

GTR Guided tissue regeneration

HIV Human immunodeficiency virus

IGF Insulin-like growth factor

IL Interleukin
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PBI Papilla bleeding index

PD Probing pocket depth

PDGF Platelet-derived growth factor
PG Prostaglandin

PMN Polymorphonuclear leukocytes
PTFE Polytetrafluoroethylene

SRP Scaling and root planing
Tab. Table

TGF Transforming growth factor
TNF Tumour necrosis factor

WHO World health organisation
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1 INTRODUCTION

Dental plaque-induced periodontal diseases can ibEled broadly into gingivitis and
periodontitis based on the presence or absencetarthenent loss. Gingivitis is presence of
gingival inflammation without loss of connectivedue attachment. Periodontitis is the presence
of gingival inflammation along with a loss of comtige tissue attachment. In other words,
periodontitis is the inflammation of periodontiunmacacterized by apical migration of the
junctional epithelium onto the root surface witle ttoncomitant loss of connective tissue and
alveolar boné.Periodontitis can be considertedresult from an imbalance between destruction
and repair operiodontal tissues, triggered by bacteria presepériodontapockets and possibly
aggravated by systemic disorders. In fabe bulk of tissue destruction is caused by host
responses toral bacteria: host cells (both resident and réeddiom blood) release enzymes
and cytokines in response to bactepiaducts® **Although periodontitis consists of a family of
diseases, these diseases do share a common Hisloggt manifest similar signs of disease and
usually respond to conventional therapy.

In a clinical and therapeutic point of view, pemotitis can be divided based on the extent or
distribution in the mouth to localized and genemedi, and based on the severity to
slight/initial/mild, moderate and severe/advanddthough there is no strict cut-off point for the
division based on the extent, it has been recometeridat the distribution of the disease is
designated as: localized if less than 30 % of ttes @re involved, and generalized if more. In
case of the division based on severity, the amaintlinical attachment loss (CAL) is
considered thereby designating the severity ofogentitis as: slight/initial/mild = 1 or 2 mm of

CAL, moderate = 3 to 4 mm of CAL and severe/advdrre® mm or more of CAE.
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Periodontitis is one of the two major dental digsashe other being dental caries, that affect
human populations worldwide at high prevalencesratel that results in loss of teeth. Hence the
prevention and treatment of periodontitis is of astnimportance in the field of dentistry.
Prevention of periodontitis is achieved throughnpoting healthy lifestyles including good oral

hygiene and reducing/eliminating risk factors.

Contemporary periodontal therapy is directed towardntrolling the infection, elimination of
inflammation and restoring the lost supporting cuees to their original form, function and
consistency? Infection control can be achieved by proper ihifthase periodontal therapy
including through scaling and root planning, mamnatece and antimicrobial therapy. Once the
infection is controlled and etiologic factors alenénated, the correction of the consequences
caused by the disease is considered in order t@\wacla better long-term prognosis of the
involved teeth. This phase, called the correctiveswurgical phase, includes various surgical
procedures aimed at treatment of the unresolvembgmertal pockets after the initial therapy,
advancing loss of attachment, or need for regeiverptocedures thereby trying to re-establish a
favourable dental-periodontal relationship to inyarahe prognosis of the individual teeth and
oral health in general. Finally, once the causeastrolled and the consequences have been
corrected, recurrence of the disease should beleddiy planned careful follow-ups. This phase

of the therapy is mainly supportive in nature amdalled the maintenance or recall phase.

Non-surgical therapy performed in the first phasgyrhe sufficient to eliminate the signs and
symptoms of mild periodontitis. However, many casesites with moderate to severe disease
often continue to show signs of inflammation aféeemon-surgical approach. In such cases,

surgical treatment is a necessity. The variousisalrgpproaches implemented in the surgical

18



phase are open flap debridement (OFD), resectiap $#lurgery, mucogingival surgery and
reconstructive/regenerative surgery. The ultimatal g periodontal therapy is the regeneration
of periodontal tissues affected by diseases tor theginal form, function and consistency.

Various techniques are attempted by periodontistsrder to achieve periodontal regeneration
with varying success. An ideal technique would e dne which is easier to perform and cost
effective, which reduce the complexity involved fhe treatment and which can predict

favourable results.

In the present study, we have evaluated the climatcome of a technique which is easier to
perform, cost effective and imitates the most comiynaised regenerative technique termed as

guided tissue regeneration (GTR).
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1.1 Epidemiology of periodontitis

Periodontitis being one of the most common infetialiseases worldwide, its incidence and
prevalence evoke a major interest among dentattembfessionals as well as the general
public. There have been a lot of studies donehenepidemiology of periodontitis. But the

literature reveals a distinct lack of consensus amidormity in the definition of periodontitis

within epidemiological studies. There are also nigus differences in the methods used. The
consequence is that data from studies using diffedase definitions and differing survey
methods are not easily interpretable or compara®denparison of effect of risk factors (Odds

Ratio, Relative Risk) between studies is Hérd.

A systematic review of the literature discoveredttonly 15 studies, out of 3472, gave a
definition of periodontitis and indicated how it svaneasured. The criteria for a diagnosis of
periodontitis ranged from 3 mm — 6 mm probing paodepth and for clinical attachment loss (as
an indicator of periodontitis) from 2 mm — 6 nifi.The reviewed studies used measurements at
different sites using different measurement tofsResearchers have historically used an array
of clinical signs and symptoms such as gingivitigeding on probing, pocket depth, clinical
attachment loss, radiographically assessed alvéolae loss and even tooth loss, the ultimate
endpoint of periodontal disea¥e®®**Further complications are posed by the fact thatdme
studies multiple disease indicators such as pogiaiing depth and clinical attachment level,

both representing current pathology and cumuldtsseie destruction respectively are uSed.

20



1.1.1 The prevalence, extent and severity of periodtal diseases

CPITN (Community Periodontal Index of Treatment t®ewas proposed by WHO in the late
1970's as an index to evaluate the periodontalrtreat needs of population$.n the later

years, CPITN was used most frequently over the dvianl epidemiologic studies although there
are limitations like non-assessment of tooth mohilurcation defects, clinical attachment loss
etc. Initial field studies using CPITN provided onfative result.In a large investigation of

11,305 subjects in Hamburg, only 2.8 % were founexhibit total periodontal health. 9 % had a
CPI score of 1, 28 % had 2, 44 % had 3 and 16 petad 4. Other studies using CPITN have

provided similar result$.'> 4323 7% 80

The prevalence of periodontitis in adult populasidras been measured in several studies by
means of clinical assessment of periodontal attactffy 2° 88 8 91. 154, 155 18 gqassment of
alveolar bone leveéf* *°or a combination of the twi5* ***Some studies were cross-sectional,

while others were designed as longitudinal or éisgkessment studies.

Table 1.1 summarises some important epidemiologitalies of the distribution of periodontal
disease in different populations around the wda@ldly major studies using probing depth and/or
probing attachment levels are included. These majadies have presented characteristic
patterns of periodontal diseases in various pojulatof different age groups. It is obvious that
the criteria for defining disease cases are famfridentical and make direct comparisons
between studies difficult. However, it is evidehat the prevalence of severe periodontitis is
confined within a minority of a population studiedur current understanding of periodontitis
from findings of previous studies has led natur&dlydentification of factors that may play a role

in determining disease initiation and progressioran individual or group level.
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Table 1.1: Epidemiological studies of the distribnt of periodontal disease in different

populations around the world

Author, date, Methodology Results
country
Baelum et al., Cross-sectional. 1131 KenyanThe oral hygiene was poor with plaque o

1988, Kenyad?

adults aged 15-65. LOA and
PD at 4 sites per tooth of all
teeth. Oral hygiene, tooth
mobility. Examinations under

natural light.

75-95 % and calculus on 10-85 % of the
surfaces depending on age. 3Dnm on
<20% of sites irrespective of age.

10-85 % of the surfaces had loss of
attachment1l mm. Skewed distribution g
CAL and PD*4 mm and>7 mm.

Highest extent of CAL at maxillary molar

and mandibular incisors.

>

Uy

Baelum et al.,
1997, Chind?

Longitudinal. 398 Chinese
adults remained dentate at
follow-up. Limited access to
care. CAL and PD at 4 sites
per tooth. Oral hygiene, tooth
mobility.

Extent of CAI>3 mm and>4 mm in 10
years was positively skewed.

21.8 % of sites lost 3+mm, 9 % 4+ mm.
Highest extent of LOA at maxillary molar
1 and mandibular incisors.

No significant difference in attachment Io
with other populations from developed

countries.

[
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Beck et al.1990,
United States®

Cross-sectional. 690
community-dwelling older
adults aged 65 or over. Full
mouth probing at two sites p¢
tooth.

Blacks- 78 % sites with attachment loss,

average loss around 4 mm

:yVhites- 65 % sites with attachment loss,

T

average loss around 3.1 mm

Brown, Oliver &
Loe, 1990 United
States®

Cross-sectional. 15,132
employed United States adu
aged 18-84. Half-mouth

assessment of Pahd GR at

mesial and buccal sites. BOP.

BOP: 44 % of subjects.

ts
PD 4-6 mm: 13.4 % of subjects or 0.6 si

per person and at 1.3 % alf sites.

[es

Mumghamba,
Markkanen &
Honkala, 1995,

Tanzania®’

Cross-sectional. 1764 subjed
aged 3-84 years. GR and PD
at buccal surface of ten inde
teeth. Plaque, calculus,
gingival inflammation, oral

hygiene behaviour, smoking.

t®D>4 mm in 8 %; PB6 mm in 0.5%.
GR>4 mm in 13 %.

Age, male sex, lower educational status,
rural residence plaque and calculus, wer
significantly related to PD and GR in
multivariate models.
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Slade & Spencer,
1995,

Australia. '

Cross-sectional. Total 801
subjects 60+ years of age,
randomly selected in South
Australia. Full mouth. PD anc
GR measured at three sites |
tooth.

I Highest mean CAL at maxillary molars.
@D is higher than GR in maxilla and equ

CAL 4+mm at one or more sites in 89.1 4
of subjects. 78.1 % sites per person had
CAL of 2+ mm. Mean CAL: 3.09 mm.

to GR in mandible. Men had more CAL

than women

Soder et al., 1994
Sweden:>®

, Cross-sectional. 1,681
subjects aged 31-40. Full
mouth, 6 sites per tooth

assessment for PD.

4.9 % had 1 tooth, 6.7 % had 2-5 teeth,
% had 6-9 teeth and 3.2 % hatD teeth
with PD>5 mm.

Calculus, smoking and frequency of dent
visits were related to the number of teeth
with PD>5 mm

=

al

Yoneyameet al.,
1988 Japart.”?

Cross-sectional. Random
sample of 319 subjects aged
20-79. Mean value,
frequency distribution and
percentile oPD andcAL at

three sites per tooth.

Practically all subjects had one or more
sites withperiodontal disease&small
sulgroup aged 20-59 had advanced
disease. Molateeth expressed more
diseaseSeverity of the diseadacreased

with age.
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1.1.2 Tooth and site specificity of periodontal attchment loss

The classic study by Loe et al. (1978) examinefedkht populations and observed different
levels of CAL between teeth and sites among indiaisl irrespective of the populations studied.
These differences were clearer with increased Mgan clinical attachment loss was highest on
maxillary molars and mandibular incisors. Buccatl danterproximal sites appeared to have
different rates of attachment loss as W&$ome studies in developing countries have confirmed
the unequal or specific distribution between sadasthe teeth and between different teeth in a
mouth. These studies have also reported highesplodinical attachment level on molars in the

maxilla and incisors in the manditiz*?

Several studies using the United States Nationatitite of Dental Research (NIDR)
methodology in populations from developed countrieml confirmed the site and tooth
specificity of PD, GR and CAL. Slade and Spenc@&98) found among 60 and above years old
South Australians the lowest mean CAL in mandibirarsors while confirming that maxillary
molars have the highest mean CAL and differenceéwdmn sites of the extent and severity
scores of CALY™* A study of the United States employed populatiBroywn, Oliver & Lée,
1990) also had similar finding&.A recent study in a younger population by Thomgtashim

& Pack, which investigated site and tooth spedifiaf CAL and its components showed
differences between site and teeth. They did nod fhigher extent and severity scores in
mandibular incisors as compared to lower molarscontrast to findings from developing
populations®* An important issue to consider when comparing ketwsites is the distribution

of tooth loss by tooth type. Different tooth groupsad to be lost at different frequencies, thus

making the comparison of periodontal destructiomgonents sometimes difficult. Molar teeth,
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which may accumulate more caries and/or periodafitddase, are more likely to be lost than
other teeth. Therefore, a significant proportionhegvily diseased sites of those teeth may be
already lost by extraction owing to deep destruchg caries. In this case, remaining teeth may
be recorded as having more severe disease comjpamddsing teeth when it may not be true. A
further question which arises is that some proportf destruction recorded may not be true
disease; it may be owing to other non-disease facach as dehiscence of bone or habits
causing gingival recession. The proportion of tthéstruction may not be equally distributed
across the mouth. This issue may contribute tattegjual distribution of disease between teeth
and sites. Previous findings suggested the sitd-taoth-specificity of patterns of periodontal
loss of attachment. However, no inferential testofgstatistical significance between these
differences had been done. Furthermore, some gmooges in comparison between sites have
been reported in findings of several studies reteto above. It is not clear yet whether these
inconsistencies were owing to chance alone orfterdnces in methodologies, the discrepancies
in distribution of tooth loss or to real differesceetween populations studied. This question

needs to be further investigated.

1.1.3 Distribution of periodontal diseases in deveped and developing populations

The previously held belief that higher prevalencel severity of periodontitis exist among
populations of developing nations where living sinals are lower and less access to health care
services compared to that of developed nationsababeen confirmed by most studies. Studies
in the 1960s using composite indices had come @octinclusion that developing nations had

poorer oral hygiene status and, consequently, rperdontitis**" ** That conclusion was a
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result of the previously dominant concept of a 8saey and sufficient role of oral hygiene in the
disease initiation and progression and the scamiftytudies conducted among developing
populations. However, Anerud et al. (1983), commagroups of United States, Norwegian and
Sri Lankan young adults found strikingly similates of periodontal breakdown, despite the last
group having much poorer oral hygiene conditibfarthermore, Baelum et al. (1996) raised
very interesting issues by recalculating and compaiindings from several studies in various
countries. Their meta-analysis had shown simiksitin the disease patterns in six out of the
eight samples, irrespective of oral hygiene coad#iand levels of access to dental ¢atess

of periodontal attachment data (mostly from devetbountries) and the more superficial
CPITN data from many developed and developing casbhave presented similarities in the
prevalence and severity of periodontitis:® There are few exceptions from some studies of Sri
Lankan tea workers (Loe et al., 1978) and SouthfiPaslands (Cutress, Powell & Ball,
1982)** % However, it is obvious that there are no cleafedénces in the prevalence of severe
stages of periodontitis between developed and dpwel populations irrespective of
methodologies and indices used. Clear difference®aly apparent in poorer oral hygiene and
greater calculus accumulation in even a young agepgin populations of developing countries.
Thus, the prevalence and severity of the diseasebeaconsidered far more similar between
populations and are confined to small groups ah higk in each population. Different
populations, however, may differ in the number igk rfactors or in level of exposure to a
particular risk factor or may have different reaiste to risk factors. This area in periodontology

requires further research.
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1.2 Tissue destruction in periodontitis

The periodontium consists of two hard tissues armdoft tissues. The hard tissues are alveolar
bone and the cementum and the soft tissues arevgiagd periodontal ligament. The structure
and composition of periodontium are affected in ynacquired and heritable diseases, most
significantly periodontal diseases. The hallmarkperiodontal disease are bone loss, loss of
connective tissue attachment to cementum and a#isimuof soft tissues. Periodontitis is a major

cause of tooth loss in human beings.

The pathogenesis of human periodontitis was ficstuchented in detail by Page and Schroeder
in 1976 The general principles and overall conclusionsheir research are still valid. As
time goes by, more and more researches were dging to find out the exact mechanism of
pathogenesis of periodontitis. In recent years, hmiobas been added to the knowledge of the
pathogenesis of the periodontal diseases, not atniige cellular, but also at the molecular and
genetic levels. What this has done is that it eflenew potential for prediction of risk and for
treatment and control of the periodontal diseabksvever, much of this field remains to be

explored.

The pathogenesis of periodontal disease involvességuential activation of a great variety of
components of the host immune response, primactip@ to defend periodontal tissues against
bacterial aggression, but also functioning as ntediaof tissue destruction. Pathogenic
microorganisms can produce tissue destruction imlgnavo ways: (i) by the direct pathological

effects of bacteria and their products on the gemdium which induce cell death and tissue
necrosis; and (ii) indirectly, through activatiofi inflammatory cells that can produce and

release mediators that act on effectors, with gopeo-inflammatory and catabolic activity.
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Some bacteria also interfere with the normal hegermte mechanism by deactivating specific
antibodies or inhibiting the action of phagocytdscelhe expression of the disease results from
the interaction of host, microbiological agentsd amvironmental factors. Leukocytes play a
critical role in the pathogenesis of the diseasedycing different cytokines, chemokines, and
other mediators, thus generating a host defenpemsg, as well as inducing tissue inflammation
and bone destruction. Polymorphonuclear leukocyiesiNs), which normally provide
protection, can themselves contribute to tissuégbag)y. During the process of phagocytosis,
these cells typically “spill” some of their enzyroentent extracellularly during a process known
as degranulation; some of these enzymes are caphbtbgrading the surrounding host tissues,
namely collagen and basement membrane constitusarifrjbuting to tissue damage. There is
increasing evidence that the bulk of tissue deStmdn established periodontitis lesions is a
result of the mobilization of the host tissues \aativation of monocytes, lymphocytes,
fibroblasts, and other host cells. Engagement esehcellular elements by bacterial factors, in
particular bacterial lipopolysaccharide (LPS) hsught to stimulate production of both catabolic
cytokines likelnterleukin 1 (IL-1), Interleukin 6 (IL-6), Interikin 8 (IL-8), and Tumor necrosis
factor alpha (TNFe) and also of inflammatory mediators includingclidonic acid metabolites
such as prostaglandin E 2 (PGE 2). Such cytokindsrglammatory mediators in turn promote
the release of tissue-derived enzymes, the mattalioproteinases, which are destructive to the
extracellular matrix and borfé.**® The proportion of damage caused by direct effettthe
bacteria and that caused by indirect host respaorediated action has yet to be established.
Although numerous bacteria can degrade tissue thlirdlike enzymatic breaking down of
extracellular substances like collagen and evern beld membranes, Birkedal- Hansen et al

suggested that host connective tissue is mainlyadeg by the ho$t Thus, the loss of
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connective tissue is a defence mechanism; the &tbsmpts self-protection by the apical
proliferation of junction epithelium, escaping frothe toxic root surface to avoid lesion
progression.

In the article by Page and Schroeder, four phaspsrdontal lesion progression in the cellular
level were described: initial, early, established advanced. The initial lesion was the response
of gingival tissues within 2 to 4 days to a begmghaccumulation of microbial plaque biofilm
with a classic acute exudative vasculitis. Thispoese, which includes loss of perivascular
collagen, is comparable to that elicited in moseotissues subjected to acute injury and may be
a consequence of the elaboration and release ohathetic and antigenic substances by
microbial plaque. Within 4 to 10 days, the earlgide develops. It is characterized by a dense
infiltrate of lymphocytes and other mononuclears;gbathologic alteration of fibroblasts, and
continuing loss of the connective tissue substahbe.structural features of the early lesion are
consistent with those expected in some form otitallhypersensitivity, and a mechanism of this
kind may be important in the pathogenesis. Theydasion is followed by the established lesion
which develops within 2 to 3 weeks and is distisged by a predominance of plasma cells in
the absence of significant bone loss. The estaddidasion, which is extremely widespread in
humans and in animals, may remain stable for y@adecades, or it may become converted into
a progressive destructive lesion. In the advanesitbih, plasma cells continue to predominate
although loss of the alveolar bone and periodofigglment, and disruption of the tissue
architecture with fibrosis are also important clegggstics. The initial, early, and established
lesions are sequential stages in gingivitis ang,tihather than the advanced lesion which is
manifest clinically as periodontitis, make up tha@jon portion of inflammatory gingival and

periodontal disease in humans.

30



1.3 Treatment of periodontitis

According to the principles dige artis, all practitioners of the dental profession arégel to
offer treatment based on the most current scienaifid clinical knowledge available. The
etiology of periodontitis is now well understooddaefficient methods for prevention, treatment,
arrest, and control of periodontitis is developeddal on that. Periodontal treatment requires
long-range planning. Its value to the patient issueed in years of healthful functioning of the

entire dentition.

The aim of the periodontal therapy is to eliminiatétammation and the etiologic factors and to
regenerate and restore the periodontal tissuestedfédy diseases to their original form, function
and consistencf. In order to achieve this, a periodontal therapestiiategy is needed, planned
in various phases. The first phase of treatmensists1of controlling the etiological factors,
thereby halting the further progression of the aése This phase can be called as etiologic or
hygienic phase and it includes patient motivationd @ducation in matters of oral hygiene,
elimination of supragingival and subgingival dentlculus and contaminated radicular
cementum and modification/elimination of other plaqretentive features. The standard
procedure employed for elimination of subgingivalcalus and other unwanted contents of the
periodontal pocket is commonly termed as scaling aot planing (SRP). Adjunct local or
systemic antibiotics or other chemotherapeutic tsgare also used widely. After the first phase
of treatment, once the cause of the disease igdlled, the correction of the consequences
provoked by the disease is considered. This pheséed the corrective or surgical phase,
includes various surgical procedures aimed atrtreat of the unresolved periodontal pockets,

advancing loss of attachment, or need for regeinerptocedures thereby trying to re-establish a
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favourable dental-periodontal relationship to inyaradhe prognosis of the individual teeth and
oral health in general. Finally, once the causeostrolled and the consequences have been
corrected, recurrence of the disease should bededoiThis implies the third phase of the

periodontal treatment, also called the maintenancecall or supportive phase.
1.3.1 Non-surgical therapy

Non-surgical therapy includes both mechanical drehmtherapeutic approaches to minimise or
eliminate the primary etiology of periodontitis,ethmicrobial biofilm. Mechanical therapy
consists of debridement of the radicular surfagethb meticulous use of hand or power-driven
scalers to remove dental plague, endotoxins, ascahd other retentive features. The term
mechanical therapy refers to supragingival and isgihgal scaling as well as root planing.
Chemotherapeutic approaches include topical agjgitaf antiseptics or sustained-release local

drug delivery systems and the use of systemic iatitib.

Scaling and root planing (SRP) is one of the mashrmonly utilized procedures for the
treatment of periodontal diseases. Scaling and ptatning allow reduction in pocket depth
mainly by new connective tissue or epithelial ditaent; with a probable gain in clinical
attachment level. Periodontal literature is sateith wstudies showing the treatment of
periodontitis by scaling and root planing resuttsréductions of probing deptfs®™ " ®®The
decrease in probing depth is caused partly by thienkage of the pocket soft tissue wall
manifested as recession of the gingival margin Wwhiesults from a decrease in soft tissue
inflammation; and partly from the gain in clinicattachment: 3> " ®8|n a thorough evidence-
based review published in 1996, Cobb calculatedrtean probing depth reduction and gain of

clinical attachment that can be achieved with mlahing at sites that initially were 4 to 6 mm in
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depth and 7 mm or greater in depth. He reportechrpeaket depth reductions of 1.29 mm and
2.16 mm, respectively, and mean gains of clinidshchment of 0.55 mm and 1.29 mm,
respectively.

Most of the beneficial effects of SRP appeared doup within the first 3 months with mean
attachment levels and pocket depths remainingivelgtunchanged at later time poirftS.An
increase of clinical attachment refers to new cotive-tissue attachment (that is, new
periodontal fibres inserting into the cementum)famation of a so-called long junctional

epithelium (repair). Usually, the latter occurs.

1.3.2 Surgical therapy

Non-surgical therapy performed in the first phasgyrhe sufficient to eliminate the signs and
symptoms of mild periodontitis. However, cases itgsswith moderate to severe disease often
continue to show signs of inflammation after a soingical approach. In such cases, surgical
treatment is a necessity. Many different surgieahhiques and materials have been reported in
the literature to successfully treat periodontédabony defects. The various surgical approaches
implemented in the surgical phase are open flapideient (OFD), resective flap surgery,
mucogingival surgery and reconstructive/regenesagrgery. An ideal technique would be the
one which could achieve periodontal regeneratiod ahich is easier to perform and cost

effective.

As mentioned earlier, the ultimate goal in perioidd therapy is the regeneration of periodontal

tissues affected by diseases to their original fdunction and consistency. In teeth in which
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continued function requires additional periodorsiapport, optimal treatment involves not only

controlling periodontal infection, but also regeatern of the lost periodontium.

The current techniques in the treatment of perititleraimed at periodontal regeneration include
open flap debridement- OFD,>® * 3%he use of bone grafting materials?® 133 135 140. 174, 177
Guided tissue regeneration — GTR?®: 41 46 51. 85, 97. 108, 1knq 3150 the use of certain biologic
modifiers like Enamel matrix derivatives — END*° or various other growth factors (i.e.

Platelet Derived Growth Factor - PDGF, Insulin likGrowth Factor — IGF, Transforming

Growth Factor8 (TGF) including Bone Morphogenetic Proteins — BMPsj? 117 130. 143
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1.4Periodontal wound healing

The basic events of wound healing are the sameadiega of the location of the body. Thus
periodontal wound healing after an injury or a guygalso involves three overlapping phases
that are independefit.The phases can be called as inflammatory phaskfepative/granulation
phase and remodelling/maturation phase. Traumatsugical injury causes haemorrhage and
extravasation of blood, and a blood clot is formElde blood coagulation process and activated
complement pathway generate many polypeptide nwdiatnd the blood clot serves as a
provisional matrix for the migration of inflammayorcells. In the proliferative phase, re-
epithelialisation occurs, along with angiogenesigl activation of various components of
extracellular matrix and the clot is replaced bgranulation tissue. During the remodelling
phase, the granulation tissue matrix is replacetth Wesh connective tissue. A fibrous scar

replaces the wound when regeneration is not pes$igP®

Periodontal wound healing is regarded as the nasptex healing process in the human b&tly.
It is mainly because of the different types of uss involved and that the healing should take
place in an open system which is continuously cuoirtated with bacteria and their products.
Therefore, the healing results following periodbnteerapy can be quite variable. In the site of
periodontal healing, we have four situations whaight occur. First, the epithelium will try to
migrate from the wound margin down to the base flwé sulcus. If this occurs, the
reestablishment of the pocket or in the best sé@ndwng junctional epithelium will be
established. Secondly, the connective tissue wilkd grow into the area of the defect. If this
occurs, the end result will be external resorpaibthe connective tissue-root interface. Thirdly,

if the bone cells are allowed to repopulate tha afedefect, ankylosis or resorption will occur at
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the junction of bone to tooth interface. Karringaétn 1980 demonstrated this in beagle dogs, of
which when the roots were extracted and transpdaimi® a surgically created alveolar bone in
the edentulous part of a jaw, ankylosis and rosbmgtion occuf® Finally, the cells of
periodontal ligament, if allowed to repopulate theot surface, the regeneration can be
established. Nyman et al in 1982 showed in a studgonkey with the use of millipore filter to
exclude the epithelium and the gingival connectigsue. After three months, the histological
specimen demonstrated new attachment, new cemeatdmew boné&™® He further confirmed
this result with the follow up study on a root sué in human using the principle of GTR. A
block biopsy of a lower central incisor at threemis after surgery showed new cementum and
with inserting collagen fibres extending five mmtietres coronally from the apical level of root
planning+*> Melcher in 1976 reported these four tissue compents in the periodontium and
that each of these tissues was capable of prodacurgque cell phenotype, and that the type of

healing following periodontal therapy depended be phenotype of the cells which first

repopulated the root surfat®.

In short, healing of periodontal wounds after paoiatal therapy can be achieved either by repair
or by regeneration. Repair involves only the reston of continuity in the wound or defect area
without regeneration of the originally intact tiesu form and function: e.g. long junctional
epithelial attachment. Regeneration of supportoajtt structures is a huge step up in managing
advanced periodontal disease and preventing tosth Like other treatment options, it is not a
panacea for all patients affected by periodontibist research gives us enough evidence to

support the use of regenerative therapies in penick.
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1.5 Guided Tissue Regeneration: Principles and ewdion

The ultimate goal of periodontal therapy is premiity regeneration of the periodontal tissues
destroyed by peridontitis. Regeneration should iséinguished from repair. Regeneration is
defined as the type of healing which completellicapes the original architecture and function
of a part. It involves the formation of a new cemoem, periodontal ligament, and alveolar bone.
Repair, on the other hand, is merely a replacemkluss apparatus with scar tissue which does
not completely restore the architecture or the tioncof the part replaced. The end product of
repair is the establishment of long junctional legium attachment at the tooth-tissue interface.
Traditional therapeutic modalities usually failedgredictably regenerate the periodontal tissue
lost due to disease process. The principle of glitssue regeneration (GTR) can be applied and
may result in restitution of the functional periotlal apparatus (new cementum, periodontal
ligament, and alveolar bone). Procedures whiclesdhieavily in the principle of GTR involves
those whose end result is the complete regeneratipariodontal structures which were lost due
to periodontal disease, those whose objective & ridige augmentation to allow proper
placement of osseointegrated implant, and als@ithesdures which are utilized in treatment of

furcation and recession defects.

GTR procedures attempt to achieve periodontal mgdion through biologic principles of

differential tissue response. The cells of perigdbligament if allowed to repopulate the root
surface by preventing the faster proliferating legitll cells and other unwanted cells in to the
periodontal bony defect, regeneration can be astedul. The principle of GTR thus involves the
use of a physiological barrier which is placed othex denuded lesions in such a way that all

periodontal tissue except the periodontal liganoetis and the alveolar bone are prevented from
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reaching contact with the root. The cells of peoiaté! ligaments are the only ones which seem
to have the capacity to form new attachment. Ceflperiodontal ligament migrates and
differentiate faster than those of bone, thus éhengh bone cells were allowed to migrate to
the area along with the cells of PDL, we would etfike cells of PDL will repopulate along the

root surface.

The use of a barrier has first been reported byngeuin the Dental Cosmos of 1904, in which a
Japanese paper saturated with liquid celluloid wsesd to form a protecting wall over the roots
and the edge of the gingiv& Prichard in 1957 further stated that cells thatreecessary for the
genesis of periodontal ligament, cementum, andoddvebone are available in the area that
borders the bony deformify® Melcher in 1976 classified the four tissue typesich will
repopulate the root surface as described previd@SKurther investigations in the 1970's and
80’s supported Melcher's concept. Caton et al ewathihealing following four different
modalities of periodontal treatment (scaling andtrplaning, modified Widman flap with
debridement alone or in combination of autogenausyathetic bone graft). The end results
demonstrated the establishment of long junctiopithelium between the gingival connective
tissue and the root surface upon heafindg? **This finding supported other similar studies that
conventional nonsurgical and surgical periodorttatdapies usually resulted in repair rather than

regeneration.

The effects of epithelial exclusion are furtherastigated by Nyman in 1980. When root was
allowed to contact alveolar bone, ankylosis and resorption occurred. When root was allowed
to contact the gingival connective tissue and tha surface had been denuded of periodontal

fibre, the root resorption occurrétf. These observations suggested that exclusion afivgih
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epithelium alone does not promote periodontal regeion. His further study with the Millipore
filter in 1982 reported that the periodontal ligarhesells has a considerable potential for
periodontal regeneration, and that this potensiahanifested only when the gingival epithelium
and connective tissues are excluded from the pemiadl wound-** He further followed up on
the human study on the selected mandibular incisgain, histological evaluation revealed new
cementum with inserting collagen fibres extendingm from the apical level of root planing in

a coronal direction?®

In 1986, Gottlow et al presented a case repor2gieriodontally involved teeth from 10 patients
treated using this biologic principle. Eleven oédk teeth formed the experimental group and
were treated by flap elevation, granulation tisdaekridement, scaling and root planing followed
by placement of ePTFE barrier (Goretex membrankg fEmaining tooth was also surgically
treated but without the placement of barrier as d¢batrols. Clinical results from re-entry
indicated significant gain in clinical attachmemdaprobing depth reduction, as well as an
apparent bone fill in some of the previously préseérosseous defects. Histological observations
disclosed a substantial amount of periodontal reggion in all the teeth treated with the
barrier®® These findings demonstrated that periodontal reggion could be predictably
obtained in humans by placing the physical barrighich selectively excludes gingival
epithelium and connective tissue and favours pental ligament repopulation of the root

surface.

The cellular process involved in the developmerthefperiodontium and in wound healing must
be understood in order to comprehend the regeparatincept in periodontal defects. The major

type of cell in the periodontal ligament is ther@blast. Fibroblasts are located throughout the
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connective tissues of the body, where their rok® imaintain the extracellular matrix substance.
The periodontal fibroblast is capable of extengivetein and collagen synthesis and that it
responds well to the molecular mediators during phecess of wound healing. Fibroblast
apparently has the potential to develop into d#feértypes of cells during wound healing,
depending on the molecular mediator that stimulé@teEhe precursor cells of the periodontal
ligament, in this case the fibroblast can diffelaet into osteoblasts, or cementoblasts,
depending on their position. Cell migration in fhexiodontal ligament seems to occur starting at
the bone interface and continuing along the coliaiifares. There must be a mechanism which
selectively activates bone precursor cells to rafaip the area and establish a new tissue exactly
like the originating tissue, with each type of delits proper position. Specific cellular typesith
repopulate the wound defect will determine the fama type of tissue that will be created. The
proliferation of the proper type of cells in theiroper position may be regulated via molecular
growth factors which are thought to be responsibiespecifically stimulating the proliferation
of cementum, periodontal ligament, and bone cdllse ultimate goal of GTR is to use a
mechanical barrier to provide the environment nemgs for the body to utilize its natural
healing potential and to regenerate lost and alis=ute. Ultimately, the efficacy of periodontal
membranes in conjunction with wound healing is theult of a combination of different

mechanisms- mechanical, cellular, and molecular.

The chief clinical indications for the use of GTRe @he class Il furcation defects, two or three
walled vertical, interproximal, and circumferentiaitrabony periodontal defects. Class Il
furcation may be treated with GTR but with lessdptability of success. Other clinical

indication of GTR are the ridge augmentation (cdso abe referred to as guided bone
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regeneration), and the treatment of gingival raoessSites which may be at risk for post
surgical recession are best treated with nonrebtgbbarriers, since barrier exposure may
accelerate resorbable barrier degradation. Borie mesy be used in combination with GTR for
the supporting purpose to prevent the collapsa®htembrane. Success of GTR treatment relies
heavily on the ability to stabilize the blood clBlood clot stabilization is the major prerequisite
for the regeneration to evolve. Wikesjo has showhaut the blood clot (with the use of heparin
to dissolve the clot on root surface), the regetim@rdailed to occut’® Other factors which aided

in successful GTR technique are oral hygiene, aateqinitial hygienic therapy, proper flap
selection and management, adequate debridementripletely remove all granulation and soft
tissue at the treated site, the decortication ef lony defect underneath the membrane to
stimulate the formation of a blood clot, adequateptation of membrane to prevent epithelium
to migrate underneath the membrane, adequate éefeitt to denude the bone of the defect site,
adequate size and shape barrier chosen (exteneBngi@ pass the border of the defect), and
finally, complete coverage the membrane undern#ahflap upon suturing. Sutures may be
removed after 7-10 days. If PTFE sutures are ubeg, may be allowed to remain for a longer
period of time in order to aid in flap adaptationce this type of suture does not cause wicking
and trapping of bacteria. If the barrier is nonrbable, it is usually removed approximately 4-8
weeks. The most important period of cell migratéomd proliferation are the first 30 days. If the
membrane can be maintained underneath the flappifomitial period, we can achieve closely or
maximal amount of regeneration. In short, primargund closure to ensure undisturbed and
uninterrupted wound healing, angiogenesis to pmvidecessary blood supply and

undifferentiated mesenchymal cells, space maint®iareation to facilitate adequate space for
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bone ingrowth, and stability of wound to inducedaoclot formation and uneventful healing

events are desirable characteristics to achiea@yrGTR procedurt®? 68

1.5.1 Nonresorbable barriers

Nonresorbable membranes retain their build and fiorthe tissues, requiring a second surgical
procedure for removal, thus adding to the traumahef periodontal tissues and to patient
discomfort, as well as raising the costs and domatf therapy. The first non-resorbable
membranes approved for clinical use were made pamded polytetrafluorethylene (ePTFE,
Gore-Tex®). PTFE is a fluorocarbon polymer with egiional inertness and biocompatibility,
prevents tissue ingrowth and does not elicit forddagdy response after implantation, but is
nonporous®® Expanded PTFE is chemically identical, causes mmhinflammatory reaction in
different tissues, allows tissue ingrowth and hasrbused in vascular surgery for several
decade$® *® *?It is manufactured when PTFE is subjected to hégisile stress, forming porous
microstructure of solid nodes and fibrils. Gore-®egPTFE membrane consists of two parts.
First, an open microstructure collar which promotesinective tissue ingrowth, positioned
coronally, and prevents apical epithelial migratamd ensures wound stability. This membrane
part is 1 mm thick and 90 % porotié.The other part is occlusive membrane 0.15 mm thiak

30 % porous, serving as a space provider for reggon, which possesses structural stability
and serves as a barrier towards the gingival fidp?Human histological samples have indicated
that ePTFE membranes can lead to significant penitadl regeneration after a 3 months healing
period®® Six months after insertion of ePTFE membrane nementum with inserting fibres
was demonstratel. Effectiveness of ePTFE membranes was investigatedimerous clinical

studies. Membrane insertion can cause minor coaiplics such as pain, purulence and
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swelling, with an incidence somewhat higher thaat tleported for conventional periodontal

surgery*®®

Giampaolo Pini Prato and co-workers in 1992 rembitee four year follow up results of a
clinical trial of which guided tissue regeneratigersus mucogingival root coverage surgery
were used in the treatment of human buccal reaes$ite result showed that average reduction
in the recession was similar in the two groups &tprobing depth reduction and clinical
attachment level were greater in the GTR grtdpA study by Roccuzzo and Buser
demonstrated a mean root coverage of 84 % wherabgewival recessions were treated with

e-PTFE membranes and miniscrews.

The Gore-Tex® ePTFE membrane has been modified rmorporation of titanium
reinforcements, set between two ePTFE layers, tieguh heightened mechanical strength and
better space maintenante’" **>Animal studies revealed clinically relevant cenuentand bone
regeneration 2 months after insertiah,'"*and clinical studies found no difference compared
non-modified membrané$. Titanium reinforcement membranes also have theplieation in
guided bone regeneration procedures (GBR) aimadghentation of toothless alveolar bone, in
cases where implants are planned and insufficiigolar bone mass is present. Membrane
made from dense non-porous PTFE-a (TefGen-FD®)tesied on rat calvarial defects showing

results similar to ePTFE membrane application vt limited tissue integratioff

In the literature use of other nonresorbable materfior GTR membranes is described, like

several case-reports of rubber-dam** and glass ionomér.Although the number of
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investigations is limited, it seems that these ni@tedo not fulfil all the mentioned requirements

for GTR procedures.
1.5.2 Resorbable barriers

Resorbable membranes do not require additionalesyrgeduce patient discomfort and costs,
and eliminate potential surgical complications. é&bable barriers can be natural or synthetic.
Collagen is the most commonly used natural bammemmbrane. Collagen is acquired from
animal skin, tendons, intestines or pericardiuncdi@and co-workers (1997) compared collagen
and PTFE biocompatibility and showed that PTFEbitad gingival fibroblasts DNA synthesis,

while collagen membrane stimulated proliferation tbése cells. Besides, PTFE membrane
significantly reduced extracellular matrix syntlsesso results stand in favour of collagen
biocompatibility®” Wang and co-workers (2002) showed higher adhereficesteoblasts to

surfaces of collagen than non-collagen membratedveta-analysis of clinical GTR

investigations showed equal effectiveness to nonbeble>® The collagen membrane appears to
be useful and beneficial material for regenerativapy in the treatment of periodontal defects.
1,,, 176

Other natural products tested for GTR without sescevere dura matté oxydized

886 and laminar bon&*®

cellulose’
Synthetic resorbable materials are usually orgaaliphatic thermoplastic polymers. The
materials most commonly used are palpydroxy acids, which include polylactic-polyglyeol

acid and their copolymers. One of the advantagesobfhydroxy acids is hydrolysis to final

products water and carbon dioxide. Carbon dioxidae cause tissue irritation due to the
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formation of carbonic acid thereby creating an iacehvironment. Degradation time can vary,

lengthened through the addition of lactides or glg&" **

A double-layered absorbable membrane (Guidor®) nadig@lylactic acid and a citric acid ester
acetyl tributylcitrate was the first to appear be tmarket. The design of Guidor is a multilayer
matrix, which facilitates the ingrowth of gingivebnnective tissue from the inner aspect of the
periodontal flap. This ingrowth is assumed to mttand prevent the apical downgrowth of
gingival epithelium. Resorbable barrier provided #uvantage of eliminating the second surgery
to retrieve the undegraded barrier membrane. HBusrgl surgery may disrupt initial healing and
limit the overall attachment gain. The use of thmhrane in single site recession eliminated the
problems associated with conventional grafting Whiacludes colour and tissue texture
alteration and patient discomfort due donor site¢renpalate. In a survey by Roccuzzo in 1996,
t:!.39

all patients preferred the Guidor treatment fortdyvetomfort.”” Patients clearly preferred the

single site GTR technique since they can avoicptiatal wound.

Gottlow et al in 1994 evaluated the use of resdebbhrrier in recession type and interproximal
defects in nonhuman primates. Clinical healingoiwihg surgery progressed with minimal or no
gingival inflammation. Histological evaluation denstrated the new cementum with inserting
periodontal ligament fibres extending to the cotdmarder of barrier together with new bone

formation. After 6 months, the barrier was compietesorbed”

The following years witnessed the publications wtter research works by Polson et al and
Genon et al. Polson and co-workers were involvethenmulticentered study of Guided Tissue

Regeneration in human furcation defects after usingiodegradable barrier. A total of 29
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patients with class Il furcation defects were tedatising polylactic acid biodegradable barrier.
At twelve month post surgery, there was clinicallyd statistically significant improvement in
mean pocket depth reduction (2.2 mm) and attachrfean@l vertical gain (1.7 mm), and
attachment level horizontal gain (2.5 mm). Thessults indicated favourable clinical

regenerative outcomes after using this barrier rizi@ class I furcation defects in humalis.

Genon et al presented data from 16 cases in winiehQuidor matrix barrier was used in
conjunction with the coronally position flap todtehe recession defect. Gingival recession was
reduced on average by 3.7mm with gingiva up to ithiww 1mm of cemento-enamel junction in
9 of 16 patients. Clinical attachment level impmyva mean attachment gain of 3.9 mm was

attained?

The use of polyurethane for membrane productiorbeas tested as w&t.** ***Polyurethanes
are organic polymers containing urethane group @B+O-, materials with diverse properties.
Polyether urethanes are degraded through enzyraatic oxidative degradatidA® *** The

degradation process although is extremely slow.

Black et al in 1994 compared the clinical resposisBiomend collagen and ePTFE membranes
in the treatment of class Il furcation defects fphtients. Six months post treatment, the mean
vertical probing depth reduction was 1.4 mm for ¢b#agen barrier sites versus 1.1 mm for the
nonresorbable barrier sites. The decrease of hdakprobing depth was 1.5mm and 0.8 mm for
the resorbable and nonresorbable barrier treated, sespectively. The author reported that the
resorbable collagen barrier was found to be egentab the nonresorbable barrier in the clinical

resolution of class Il furcation defedts.

46



In conclusion, the principle of GTR lies in theaddishment of the cells of periodontal ligament
to selectively repopulate the root surface. Cldaaldshment and stabilization, site selection,
epithelial cell exclusion, space provision, neowutsation, and complete gingival coverage are
favourable characteristics in any GTR procedurghinfuture, GTR can be combined with the
use of biological growth factors that allowed fetextively control the type of cells proliferated

from the fibroblast precursor.
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1.6 Bone grafting and the types of bone graft mateals

The combination of graft materials with guided tissregeneration is a proven modality of
therapy for the treatment of intrabony defects &taks 2 furcation invasion¥he use of bone
grafts for reconstructing intra-osseous defectddpred by periodontal disease dates back to
Hegedus in 192% It was then revived in 1965 by Nabers and O'LédhNow, with the
introduction of advanced bone grafting techniques the use of sophisticated bone replacement
graft materials, it is possible to increase thaundd, width, and height of bone in deficient areas
to regenerate the tissues supporting affected taethalso to permit the placement of implants in

their ideal positions and angulations.

A bone graft can aid in bone regeneration by thdd&erent methods, which include (i)

osteogenesis, (i) osteoconduction, and (iii) osidaction. Osteogenesis is the formation of
new bone by the cells contained within the graftamal. Osteoinduction is a chemical process
in which molecules contained within the graft (bom®rphogenetic proteins) convert the
patient's cells into cells that are capable of fagrbone. Osteoconduction is a physical effect by
which the matrix of the graft forms a scaffold ohigh cells in the recipient site are able to form

new bone!!

1.6.1 Classification

Bone replacement grafts can be broadly classifital human bone and bone substitutes. This

can be further classified into autografts, allogratenografts, and alloplasts.
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I) Human bone
Autografts or autogenous grafts
- Extraoral
- Intraoral
Allografts or allogenic grafts
- Fresh frozen bone
- Freeze-dried bone allografts (FDBA)
- Demineralized freeze-dried bone allogréitEDBA)
II) Bone substitutes
Xenografts or xenogenic grafts
- Bovine-derived hydroxyapatite
- Coralline calcium carbonate
Alloplasts or alloplastic grafts
- Absorbable

- Nonabsorbable

Historically, autografts were the first bone reglaent grafts to be reported for periodontal
applications. Allogenic freeze-dried bone was idtrced to periodontics in the early 1970's,
while demineralized allogenic freeze-dried bonengdiwider application in the late 1980's. The

introduction of xenografts and alloplasts for pddntal use occurred during the same tirie.
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1.6.1.1 Autografts

Autogenous grafts are harvested from the patieom fintraoral sites (such as the maxillary
tuberosity of a healing extraction site) and exthsites (such as the iliac crests, ribs, cranium
and tibial metaphysesy. **°The decision to use autogenous grafts necessitatesderation of
the donor site, procurement technique and handiingrocessing of the harvested material.
Autogenous bone can be harvested intraorally, withwithout processing, to yield graft
materials of different forms, including corticaliph, osseous coagulum and bone blend. Many
investigators have reported on the clinically ssséd use of intraoral autogenous grafts in the
treatment of intrabony defects.?" '®*Regardless of the intraoral donor site, autogryiftd
regenerative responses superior to that of surdgelatidement alone. Extraoral autografts such
as those obtained from iliac crests have demoestrgteat potential for supporting new bone
growth, including clinical and histological evidenof crestal bone apposition and periodontal
ligament formation. Schallhorn & Hiatt considerée fill of crestal facial and furcation defects

to be more clinically predictable using iliac autigs than with intraoral cancellous bo@.

Autogenous grafts are non-immunogenic and contstieablasts and osteoprogenitor stem cells,
which are capable of proliferating. These graftsgréfore, are osteoinductive. There are
limitations to obtaining autogenous grafts, howeveuch as insufficient oral sites, the

requirement for a second surgical site and monpatithe donor sit&*°

1.6.1.2 Allografts

Allografts, bone grafts that are harvested from pason for transplantation in another, are used

widely. There are three main divisions: frozeneme-dried and freeze-dried demineralized.
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The possibility of disease transfer, antigenicityd dhe need for extensive cross-matching has
disallowed the use of fresh frozen bone in modemogdontics. The evidence that freeze-drying
markedly reduces the antigenicity and other headtks associated with fresh frozen bone, as
well as the favourable results obtained in thedfiglals with freeze-dried bone allografts, have
led to the extensive use of freeze-dried bone edftgyin the treatment of periodontal osseous
defects’* 1% The use of cortical bone is recommended rather tiemcellous bone allografts
since cancellous bone is more antigenic and tteereare bone matrix and consequently more
osteoinductive components in cortical bone. Frebmd bone allograft is regarded as
osteoconductivé? The blockade of the effect of bone growth stiminkpfactors sequestered in
bone matrix, like the bone morphogenic proteingl fe the development of demineralised
allografts. Experimental animal studies have shaWat demineralised freeze-dried bone

allograft has osteogenic potenti&t: 1%2

The advantages of using allografts are that theemahis available in large quantities and there
is no donor site within the patient. The disadvgataare that the process for preparing the graft
(that is, freeze-drying and irradiating) decreabesmaterial’s integrity and osteogenic potential,
and the immunological response to it may diminishincorporation into the recipient bone. A
major concern with allografts in general is thegotial for disease transfer, particularly viral
transmission and more particularly H¥. Also, there is a need for extensive cross-matcting

decrease the likelihood of both graft rejection drsase transmission.

1.6.1.3 Xenografts

Xenografts are made of naturally derived deprosedticancellous bone from another species

(such as bovine or porcine bone). The risk of traasion of diseases such as bovine spongiform
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encephalopathy is negligible because the bone’anizgcomponent is extracted. After the
extraction of the organic components, the remainimgrganic structure provides a natural
architectural matrix as well as an excellent sowtecalcium. The inorganic material also
maintains the physical dimension of the augmentatioring the remodelling phases. Bovine-
derived hydroxyapatite bone replacement graftesme the available surface area that can act as
an osteoconductive scaffold due to their porosity have a mineral content comparable to that
of human bone, allowing then to integrate with tiest bone. These grafts are prepared by
chemical or low-heat extraction of the organic comgnt from the bovine bone. Examples of
commercially available bovine-derived bone replagenyrafts are Bio-O8s(Osteohealth Co.,

Shirley, NY) and OsteograffN(CeraMed Dental, LLC, Lakewood, CO).

Coralline calcium carbonate graft is obtained frammatural coral, genuBorites. It is hugely
porous similar to that of spongy bone and so iviples a large surface area for resorption and
replacement by borf&. 1> An example for such type of grafts is BiocSrdlnoteb, Saint
Gonnery, France). Biocoral has a high osteocondectpotential because no fibrous

encapsulation has been reported.

The main advantages of xenografts are that theysteoconductive and readily available. A
major disadvantage of bovine-derived grafts is doethe fact that it can cause disease
transmission, which was evident in the case of t®wdpongiform encephalopathy reported in

Great Britaint*?
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1.6.1.4 Alloplasts

The alloplastic grafts or synthetic bone graft $imtes as yet offer only a part solution to the
management of localized bone loss. They possese sbithhe desired mechanical qualities of
bone as well as osteoconductive properties bulaagely reliant on viable periosteum/bone for
their success. They primarily function as defelters. Ideally synthetic bone graft substitutes
should be biocompatible, show minimal fibrotic réawe, undergo remodelling, should have a
similar strength and elasticity to that of the bdyeng replaced, thereby supporting the new
bone formation. They do not induce adverse los®ug reaction, immunogenicity or systemic
toxicity. They can be classified, by their ability be bioabsorbed, into absorbable and non-

absorbable.

The absorbable materials include alpha and betealctlum phosphate, non-sintered
hydroxyapatite, and calcium sulphate. The non-dizdwe materials include sintered

hydroxyapatite, bioglass and HT'®polymer.

Bioceramic alloplasts are comprised mainly of ealti phosphate, with the proportion of
calcium and phosphate similar to bone. The two nwistely used forms are tricalcium

phosphate and hydroxyapatite.

Tricalcium phosphate is a porous form of calciunogghate. Alpha and beta tricalcium
phosphate are produced similarly, although theplals different resorption properties. The
crystal structure of alpha tricalcium phosphaten@oclinic and consists of columns of cations
while the beta tricalcium phosphate has a rhombathextructure. The former is formed by

heating the later above 1180 °C and quenchingritoaietain its structur® Alpha form is less
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stable than beta and forms the stiffer materiatioai-deficient hydroxyapatite when mixed with

water®®

The most commonly used form is beta tricalciumgpiate. It is one of the earliest
calcium compounds to be used as a bone graft tutestStructurally porous beta tricalcium
phosphate has a compressive strength and tenslggst similar to that of cancellous bone. It
undergoes resorption over a 6-18 month period. kunfately, the replacement of beta
tricalcium phosphate by bone does not occur inqantable way. That is, there is always less
bone volume produced than the volume of the gradtenmal resorbed. For this reason, the
clinical use of beta tricalcium phosphate has besher as an adjunctive with other less
resorbable bone graft substitutes or as an expdadautogenous bone graft. The examples of

commercially available beta tricalcium phosphataftgmaterial are Synthogralt (Bicon,

Boston MA, USA) and Cerasdtt{Curasan Pharma GmbH, Kleinostheim, Germany).

The next calcium phosphate preparation to becoragadle was the synthetic hydroxyapatite in
the 1970's. It is available in resorbable and resorbable forms. Whether synthetic
hydroxyapatite is resorbable or non-resorbable migpeon the temperature at which it is
prepared. High-temperature preparation (sinteraig)ydroxyapatite results in a nonresorbable,
nonporous, dense materfal.Dense non-resorbable hydroxyapatite grafts areopsilic,
osteoconductive and act primarily as inert biocotipEbone defect fillers. Histologically, new
attachment is not achieved but yield a more stabigcal improvement than with open flap
debridement alone in the treatment of periodorsakous defecté: *’* *""The resorbable form
is processed at a low temperature. As it resorbeadily available source of calcium becomes

available in sites that have osteogenic potefifdls reported advantage is the slow resorption
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rate, allowing it to act as a mineral reservoirtted same time acting as a scaffold for bone

replacement®® It is marketed in different trade names like Og&® (Impladent, NY, USA).

Calcium sulphate or plaster of Paris was first doented as being used for fracture treatment by
the Arabs in the 10th century, who would surroumsldffected limb in a tub of plaster. In 1852 a
Dutch army surgeon named Mathysen incorporatedeplasto a bandageable form, which we
are familiar today Calcium sulphate is thought to act as an osteagtivé matrix for the
ingrowth of blood vessels and associated fibroganit osteogenic cells. For this to occur it is
critically important that the implanted calcium glihte is adjacent to viable periosteum or
endosteuni® Over a period of 5-7 weeks, calcium sulphate @bserbed by a process of
dissolution?® Currently, a medical grade of calcium sulphaterggpated with tobramycin is
commercially available (OsteoSeWWright Medical Technology, Arlington, TN, USA).aZium
sulphate in its set form has a compressive streggthter than cancellous bone and a tensile
strength slightly less than cancellous bone. Caicisulphate, however, requires a dry
environment to set and if it is re-exposed to moestit tends to soften and fragment. For this
reason it has no reliable mechanical propertiegvo and its application should be limited to a
contained area. Hence the primary use of calciulphates should be asone void filler.
Bioactive glass is a silicone-based, osteocondeatmaterial that bonds to bone through the
formation of carbonated hydroxyapatite. When exgdosetissue fluids, bioactive glasses are
covered by a double layer composed of silica gdlanalcium-phosphorous rich (apatite) layer.
The later promotes adsorption and concentratioprofeins utilized by osteoblasts to form a
mineralized extracellular matrix. It has been badik that these bioactive properties guide and

promote osteogenesis, allowing rapid formation @hdn Examples of bioactive glasses

55



commercially available are PeriogfaBlock Drug Co., NJ, USA) and BiograrfOrthovita, PA,

USA).

HTR™ synthetic bone (Bioplant, CT, USA) is a biocompiatilmicroporous composite of
methylmethacrylate and hydroxymethylmethacrylatédymers and calcium hydroxide. HTR
stands for hard tissue replacement. Its hydroptyilenhances clotting, and its negative patrticle
surface charge allows adherence to bone. It appeassrve as a scaffold for bone formation
when in close contact with alveolar bone. Histatagievidence of new bone formation on

HTR™ particles has been reported.

Alloplasts can be mixed with autogenous grafts lbogeafts in the management of large
structural defects. Some alloplastic materials raneed together to achieve superior results.
Fortos$ Vital (Biocomposites, Staffordshire, UK) is sucmixture of beta tricalcium phosphate
and calcium sulphate. This can be used for guitksli¢ regeneration without an additional

membrane as calcium sulphate serves the purpasenembrane.

To conclude, bone grafting is now a well-recognizdmice in the treatment of periodontal
osseous defects, especially when used along withebanembranes. Various types of bone
grafts and also their combinations are used witljing degrees of success. Rapid developments
in this particular field are leading us towardsiaeimg the ultimate goal in periodontal therapy,
which is the regeneration of lost periodontal tessuAlthough complete regeneration is now a
distant dream, the use of bone grafts enabled uhotowards it. Autografts are still considered
the ideal grafts but for the difficulty in obtaignt. So with the source limitations of autogenous

bone and concerns regarding allogenic bone, tleeaobone substitutes will likely to increase.
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Future of bone grafts is likely to lie in the indhislly manufactured biomaterials in combination

with laboratory-grown cells developed by tissueiregring.
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2 AIM OF THE STUDY

The study was aimed towards the long-term clinieaaluation of the effectiveness of a
composite material, beta tricalcium phosphate iml@oation with calcium sulphate, in the
treatment of periodontal osseous defects. Intrathaefects remain a significant therapeutic
problem in periodontal therapy. Regeneration of fEgiodontal tissues is the ideal goal in the
treatment of periodontal defects. Bone grafts aedumainly for the filling of the bony defects
thereby aiding in regeneration. The indicationyvarfious bone grafts in periodontal therapy are
similar, but the search for the ideal material tif en. This study was focused on one such
synthetic graft material which could be superiorotber graft materials in terms of clinical

outcome and usage owing to its properties.
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3 OUTLINE OF THE STUDY

This long-term retrospective follow-up study wasideed to evaluate the clinical outcome of

guided tissue regeneration with a synthetic boaé gnaterial.

Forty-seven intrabony defects in twenty-six perioiics patients were treated with the bone
replacement composite graft material beta tricatcjphosphate in combination with calcium
sulphate. Patients were recalled for the postoperatare at two weeks, three months, six

months, one year and two years.

Clinical parameters were evaluated which includednges in probing depth (PD), clinical
attachment level/loss (CAL) and gingival recesqiGiR) at the baseline (preoperative), at one-
year and two-years postoperativediong with the various factors like presence ofqpk

bleeding on probing (BOP) and smoking.

The preoperative measurements were compared tpateperative measurements at one and
two years to determine whether the technique hetdtastically significant effect on the outcome

of the treatment. Other factors like sex, smokmg| hygiene were also evaluated to determine
whether they could be related to improved or dishied results. Radiographs were made

preoperatively and at one and two years postopetti
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4 MATERIALS AND METHODS

4.1 Subjects

In this study twenty six patients who were consgely treated using the composite bone
replacement graft material were evaluated. Thesierpa had moderate to advanced chronic
periodontitis, were in general good health presemigh at least one deep intrabony defect and
were treated in the Division of Periodontology, Bement of Dentistry, Faculty of Medicine in
Hradec Kralové, Czech Republic. They were aged 2158 years with a mean age of
42.27+10.66 at the time of surgery. There were snand 17 females (Fig. 4.1), out of which 8
were smokers (Fig. 4.2). All the smokers were medamokers, smoking up to 5 cigarettes a

day.

Figure 4.1

Set of patients

® Males

B Females
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Figure 4.2

Smoking

B Smokers

B Non-smokers

Subject inclusion was based on the presence ehat bne tooth with a probing depth (PD»of

5 mm and radiographic evidence of intrabony deédtr initial phase of periodontal therapy.

The exclusion criteria consisted of patients wigstemic diseases or medically compromised
conditions and taking any drug known to interfernghvthe wound healing during the previous

six months, pregnant and/or lactating women andfficgent dental hygiene characterized by a
papilla bleeding index (PBI) total score of >15effehad to be vital or properly treated with root

canal therapy. Signed consent forms before suigemee obtained from the patients.

Each patient received an initial periodontal treattrincluding oral hygiene instructions, plaque
control and full mouth scaling and root planningrststent deep periodontal pockets (PB
mm) with bleeding on probing (BOP) after the ififdnase therapy and the maintenance phase

varying between two to four months were considdogdhe surgical treatment with the bone
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graft material. Radiographic assessment of thes git@vided further evidence of intrabony
defects. A total of forty seven teeth (33 frontalg premolars + 7 molars) with intrabony defects
which were two or three-walled in twenty six pateewere treated in a period of about two years

at our clinic (Fig. 4.3).

Figure 4.3

Tooth type

M Frontal
B Premolar
= Molar

4.2 Materials

4.2.1 Fortoss® Vital

Fortos§ Vital (Biocomposites, Staffordshire, UK) which is camparatively newer biphasic
calcium composite material composed of a porous letalcium phosphate and calcium

sulphate is being used in the treatment of peritalantrabony defects in our dental clinic since
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the year 2003. Due to a modified surface activitg @n loading, its osteoconductive behaviour
seems to be superior if compared to convention&iuwa phosphates. This material has the
benefit of being both a graft material and an iraegnembrane produced within one mixture.
The beta tricalcium phosphate acts as a slowlyrlbesp matrix that is substituted by bone. The
calcium sulphate sets hard and acts as a resorbadhebrane that stabilises the graft but
excludes any competitive cells. It also exhibit¢aZBotential Control (ZPC™, Biocomposites,
Staffordshire, UK) which is claimed to enhance bgrawth by attracting bone proteins into the
site from the surrounding tissues. Forfogial is supplied as a sterile, sealed and displesdb

The kit consists of a vial containing the graft pl@ny a solution container, a pipette, a mixing

bowl and a spatula (Fig. 4.4).

Figure 4.4
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4.2.2 Tetracycline hydrochloride

Tetracycline hydrochloride solution was preparedslywly adding tetracycline hydrochloride
powder into distilled water until a saturated swlatof approximately 50 mg/ml concentration
was obtained with constant stirring (Fig. 4.%5ppical tetracycline HCL conditioning removes
the smear layer and is believed to enhance fibsplaitachment and growth, while suppressing
epithelial cell attachment and growth and alsodraanticollagenase action. Furthermore, topical
tetracycline HCl is adsorbed to and released fioendentin surface maintaining an antimicrobial

property for at least fourteen days post therapy.

Figure 4.5
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4.3 Methods

4.3.1 Pre-surgical phase

The pre-surgical phase consisted of proper evalaand selection of periodontal intrabony
defects for surgery following initial phase periotll therapy. Initial phase of treatment
consisted of controlling the etiological factoreeteby halting the further progression of the
disease. This phase, also called as etiologic grehic phase, included patient motivation and
education in matters of oral hygiene, eliminatioh soipragingival and subgingival dental
calculus and contaminated radicular cementum andifroation/elimination of other plaque
retentive features like restoration overhangs. fegth hopeless prognoses were duly extracted.
The standard procedure employed for eliminatiorsudfgingival calculus and other unwanted
contents of the periodontal pocket was scaling rad planing (SRP) using a set of Gracey's
curettes (Hu-Friedy, Chicago, IL, USA) (Fig. 4.68pnce the subgingival treatment was
completed, patients were recalled after 6-8 weekddilow-up. In the follow-up examination,
oral hygiene was assessed and periodontal prolapthsl were measured again. To ensure the
uniformity in the probe diameter, a Williams profiéu-Friedy, Chicago, IL, USA) was used
throughout the study (Fig. 4.7). The surgical treait phase was initiated after completion of
the initial phase of periodontal therapy and schestiuecall. The sites for surgical treatment
were selected, during the recall phase, accordintpe presence of deep periodontal pockets

with bleeding on probing (BOP) with radiographigédance of intrabony defects.
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Figure 4.6

Figure 4.7
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4.3.2 Surgical phase

Surgical phase was initiated only if the patientsrevpresented with adequate oral hygiene.
Signed informed consents were obtained from aleptg before surgery.

All the patients were treated under local anaeg&héArticaine hydrochloride 4% with 1:
120,000 epinephrine hydrochloride). After achieveufficient local anaesthesia, full-thickness
mucoperiosteal flaps were elevated using a creatidatision on the facial and lingual surfaces
of each tooth, segment or area involved. In theeupmterior regions papilla preservation
incisions were made in the interdental area (Fif).4Vertical release incisions were used as
necessary. Surgical scalpels number 11, 15 ancti recalpel number 67 (Fig. 4.9). After the
elevation of the flap (Fig. 4.10) using periodorgatiosteal elevators (Fig. 4.11), a thorough root
surface debridement was done using Gracey or g@leurettes. All granulomatous tissue were
removed from the osseous defects and rinsed wiithes@rig. 4.12). Root surface conditioning
was done using 2.5% tetracycline hydrochloride 268 minutes followed by flushing with
saline. Fortoss Vital powder is mixed with the fluid supplied alongith it in to a gritty
mouldable paste and applied it in layers usingealstinstrument (Fig. 4.13, 4.14). The graft
material was firmly pressed into the site usingyéinpressure over sterile gauze. The defects
were over-packed to allow for any settling of thxtore (Fig. 4.15). Any excessive blood was
removed from the site by using damp sterile gatliben the gauze was held on the graft for a
few seconds. The mucoperiosteal flaps were appatednand sutured (Fig. 4. 16). The sutures

used were resorbable sutures (Safiraun, Tuttlingen, Germany) (Fig. 4.17).
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Figure 4.8

T

Crevicular and papilla preservation incision (arspvalong with vertical incisions made to
expose the intrabony defect related to the upgecdatral incisor in a patient.

Figure 4.9
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Figure 4.10

Full-thickness mucoperiosteal flap elevated

Figure 4.11
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Figure 4 .12

Defect mechanically debrided and rinsed with saline

Figure 4. 13

Fortoss ® Vital powder and fluid with dropper apglied by the manufacturer.
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Figure 4.14

Powder mixed with fluid in to a gritty mouldablegtea

Figure 4.15

Graft material applied in to the bony defect
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Figure 4.16

Sutures placed

Figure 4. 17
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4.3.3 Post-surgery

The patients were given post-operative instructionkiding rinsing with Listerin®(Johnson &

Johnson, Maidenhead, UK) mouth rinse for two weékgibiotics (Amoxicillin 250 mg with

clavulanic acid 125 mg or clarithromycin 250 mg)rev@rescribed post-operatively as surgical
prophylaxis to the patients for 7 - 14 days. Theisas were removed after two weeks and the
surgical sites were cleansed gently with 3% hydnggeroxide using a cotton swab. The patients
were scheduled for recall visits at 3, 6, 12 andni#hths postoperatively. Oral hygiene was
evaluated and supragingival prophylaxis was camigdat each recall visit. Clinical parameters

were also measured during the recall visits.

4.3.4 Clinical measurements

The clinical measurements were performed by twanéxers randomly. Both the examiners
recorded similar measurements during a two yeal period of cross-checking. Clinical

parameters were recorded just before the surgeageline) and at one and two years
postoperatively. These included probing depth (Ridgival recession (GR), clinical attachment
level/loss (CAL), presence/absence of dental plaquéhe mesial and distal tooth surfaces, and
bleeding on probing (BOP). The measurements wene dsing a calibrated periodontal probe
(Williams colour coded, Hu-Friedy, Chicago, IL, UpAt the buccal/vestibular, lingual/oral,

mesial and distal surfaces on all teeth involved #re highest value for each surface was

guoted.
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4.3.5 Radiographs

Intraoral periapical radiographs were taken atliaseline and at 2 years postoperatively. The
radiographs were used only for the detection ofebditi in the defects and not for the

measurements as the method employed were not stiéreth Post-operative radiographs were
compared to the ones at the baseline in order atuate the bone fill and also to compare that

with the clinical measurements.

4.3.6 Statistical methods

Comparisons between baseline and one year andehaeen baseline and two year data were
made using paired t-tests and Fisher’'s exact té#an differences in the PD, GR and CAL
were calculated on individual surfaces separatslywall as together. The changes in other
variables like BOP and plaque deposits were alstuated. All the surfaces of an involved tooth
were taken into account irrespective of the prestsence of PB 5mm. This was done to
assess the outcome of surgery on the non-involtesl af the involved tooth as well. Data were

expressed as means + standard deviation. Thedésgajnificance was set at 0.05.
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5 RESULTS

Clinically, the graft material used was easy to di@nstrongly adherent, packed well into
defects, appeared to harden as a solid in a fewtesrand biocompatible. Wound healing was
uneventful. No patients reported a significant ppstative pain during the first week. 8 patients

did not turn up for all scheduled recall visits| 8 them reported at 2 years postoperatively.

A decrease in probing depths (PD) was noticed imp&dents out of the total 26 at one year
postoperatively. At 2 years postoperatively, a dase in PDs was found in all patients but one.
The number of BOP positive sites in relation to itineolved teeth was reduced from 67 (35.64
%) at baseline to 26 (13.83 %) at 1 year and 28@L%) at 2 years postoperatively. The number
of sites with presence of plague got decreased 26n§26.60 %) to 15 (15.96 %) and then
increased slightly to 18 (19.15 %) during the samerval. The difference between the
percentage of plaque deposits at the baseline ameérland between baseline and 2 years were

statistically significant as shown in Table 5.1.

Table 5.1

Plaque and bleeding on probing (BOP) sites at #selme and at 1 and 2 years postoperatively

Parameter Baseline 1 year 2 years P
Plaque 35. 64 % 13.83 % 14.89 % 0.0001
BOP 26.60 % 15.96 % 19.15 % 0.0001
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The mean PD was 4.07 £ 2.63 mm at the baselin@dd+ 1.29 mm at 1 year postoperatively
and 2.0 £ 1.2 mm at 2 years postoperatively. Whdn the deepest probing measurements (

mm) corresponding to deep intrabony defects wersidered, the mean PD was 6.67 + 1.49
mm at the baseline and 2.67 + 1.35 mm at 1 yeala@+ 1.46 mm at 2 years postoperatively

(Tab. 5.2).

Table 5.2

Probing depth (PD) measurements (mean valueskatibe, 1 year and 2 years postoperatively

Mean PD (mm) Baseline 1 year 2 year

Total measurements 407 £2.63 2.10+1.29 20+1.2

around involved tootH

Single deepest 6.67 £1.49 2.67+£1.35 2.60 £1.46
measurement
representing intrabony

defect

Similarly, the mean CAL was 5.66 + 3.10 mm at tlasdline and 3.94 + 1.96 mm at 1 year
postoperatively and 3.73 + 1.90 mm at 2 years pestdively. When only the deep probing
measurements corresponding to deep intrabony defexe considered, the mean CAL was 7.66
+ 2.29 mm at the baseline and 4.72 £ 1.87 mm aedr yawnd 4.43 + 1.95 mm at 2 years

postoperatively (Tab. 5.3).
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Table 5.3

Clinical attachment level (CAL) measurements (mealues) at baseline, 1 year and 2 years

postoperatively

Mean CAL (mm) Baseline 1 year 2 year
Total measurements 5.66 £3.10 3.94 £1.96 3.73a 1
Single deepest 7.66 +2.29 4,72 +£1.87 443 £1.95
measurement

The changes in parameters illustrated in the tablesand 5.3 between baseline and 1 year
postoperatively and between baseline and 2 yeastoperatively were statistically significant
with p values less than 0.0001. The differences in paemsebetween 1 and 2 years

postoperatively were not found to be statisticalfgnificant withp values greater than 0.05.

Tables 5.4, 5.5 and 5.6.A and B show the differsricaleep probing depth measurements at the
baseline, at 1 year and at 2 years postoperatiVélgre were a total of 83 PD measurements in
those 47 involved teeth which weres mm at the baseline. A 1 year postoperative reback
showed a significant decrease in this number toAt£ years postoperatively, this number was
found to be 13. There was a significant decreageémumbers in relation to the frontal teeth,
but a perfect outcome was resulted in case of thes®ers in molars and also in the vestibular
aspect of all teeth involved.
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Table 5.4

PD measurements5 mm at baseline

Teeth \Y, M O D
Frontal 8 27 11 11
Premolar 0 4 3 4
Molar 1 6 3 5
Total 9 37 17 20

V = vestibular/buccal, M = mesial, O = oral/linguBl = distal

Table 5.5

PD measurements5 mm at 1 year postoperatively

Teeth Vv M @) D
Frontal 0 4 4 4
Premolar 0 2 0 0
Molar 0 0 0 0
Total 0 6 4 4
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Table 5.6.A

PD measurements5 mm at 2 years postoperatively

Teeth \Y, M O D
Frontal 0 4 3 4
Premolar 0 2 0 0
Molar 0 0 0 0
Total 0 6 3 4
Table 5.6.B

Graphic representation of distribution of probing depths>5 mm
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30

20 -

10 A
0

M Baseline
B 1vyear
W 2 years
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Tables 5.7, 5.8 and 5.9 show how the CAL measurtfared during the same period. Total
CAL measurements of 5 m at the baseline was 105 which got reducedrbgst half to 61 at 1
year and 54 at 2 years postoperatively. Again, rthmbers were much more significant in

relation to the frontal teeth and in the proximadi @ral aspects.

Table 5.7

CAL measurements 5 mm at baseline

Teeth Vv M O D
Frontal 9 27 20 16
Premolar 0 4 3 6
Molar 4 7 4 5
Total 13 38 27 27
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Table 5.8

CAL measurements 5 mm at 1 year postoperatively

Teeth \Y, M O D
Frontal 4 12 7 10
Premolar 0 4 1 4
Molar 4 6 4 5
Total 8 22 12 19
Table 5.9

CAL measurements 5 mm at 2 years postoperatively

Teeth Vv M O D
Frontal 7 17 8 10
Premolar 0 0 1 1
Molar 3 4 1 2
Total 10 21 10 13
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The mean differences in measurements between g#ditlimand one year postoperatively are a
reduction of 1.97 + 1.15 mniP€ 0.0001) in case of PD, a gain of 1.68 £ 1.12 s (0.0001)

in CAL and an increase of 0.30 = 0.71 mR £ 0.009) in GR. The mean differences in
measurements between the baseline and two yeaoppetively are a reduction of 2.07 + 1.14
mm (P = 0.0001) in case of PD, a gain of 1.93 + 1.36 i+ (0.0001) in CAL and an increase
of 0.14 £ 0.73 mmK = 0.571) in GR. These are illustrated in tables ®1®. No significance
was found statistically between the results aftand 2 years postoperatively (P > 0.05 in case of

difference in means: CAL, PD and GR)

Table 5.10

Mean difference in gingival recession (GR) meas@mnat baseline and 1 year postoperatively

GR
( Increase= “+”, decrease="-")
\% M O D Average
+050(-1t03) | +0.18(3t03)| +0.38(-2t02) | +0.26 (-3t0 3) +0.30
SD: +£0.99 SD: +£1.18 SD: +£0.97 SD:+1.51 SD: +£0.71

(Values in millimetres, maximum and minimum value®rackets, SD- standard deviation)
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Table 5.11

Mean difference in gingival recession (GR) meas@mnat baseline and 2 year postoperatively

GR
( Increase= “+”, decrease="-")
\% M O D Average
+0.40 (-2t03)] -0.06(-2t03) | +0.27 (-2t03)| -0.04(-3t0 2) +0.14
SD:+1.17 SD:+1.11 SD: +0.94 SD: +1.33 SD: +0.73
Table 5.12

Mean difference in clinical periodontal probing tle(PD) measurements at baseline and 1 year

postoperatively

PD
( Increase= “+”, decrease="-")
\% M @) D Average
-0.89(-7t03) | -3.10(-9t05) | -1.51(-6t02) | -2.38(-9to 1) -1.97
SD: +1.91 SD: +2.75 SD: +1.99 SD: +2.26 SD: +1.15
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Table 5.13

Mean difference in periodontal probing depth (P@asurements at baseline and 2 year

postoperatively

PD
(Increase= “+”", decrease="—")
\Y, M @) D Average
-096(6t01) | -3.49(-8t02) | -1.74(6t02) | -2.11(-9to1) -2.07
SD: +1.18 SD: +2.47 SD: +2.16 SD: +2.15 SD: +1.14
Table 5.14

Mean difference in clinical attachment level (CAhgasurements at baseline and 1 year

postoperatively

( Gain=“+", Loss= *-")

CAL

\% M O D Average
+0.36(-2t07)| +294(-4t09)| +1.13(-2to5)| +2.10(-3t08) + 1.68
SD: +1.88 SD: +2.89 SD: +2.10 SD: +2.59 SD: +1.12
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Table 5.15

Mean difference in clinical attachment level (CAheasurements at baseline and 2 years

postoperatively

CAL

( Gain=“+", Loss= “-")

\% M O D Average
+055(-3to6) | +3.55(-2t09)| +1.48(-3to6) | +2.13(-3t08) -1.93
SD: £1.95 SD: £2.60 SD: £2.36 SD: £2.54 SD: £1.36
Table 5.16
Mean differences and correspondpmgalues
Mean difference Mean difference
between baseline between baseline
Parameter p p
and 1 year and 2 years
(change)
CAL (gain) 1.68+1.12 mm 0.0001 1.93+1.36 mm 00D
PD (reduction) 1.97 £1.15 mm 0.0001 2071 m 0.0001
GR (increase) 0.30£0.71 mm 0.009 0.14+£0.73mm 0.571
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There were no significant differences between sm®&ad non-smokerg & 1.000). But in one
patient where an increase in PD and CAL were notitgears after the surgery, a combination
of different factors like smoking, bad oral hygieaad non-compliance with the follow-up

schedule during the maintenance phase after suvegrg/present.

Intraoral periapical radiographs showed bonetfiilthie defects in patients where PD got reduced

after the surgical treatment (Tab. 5.17).
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Table 5.17.. Comparison of intraoral periapicaliogdaphs at the baseline and at 2 years

postoperatively

Baseline 2 years postoperatively

1)

2)

3)
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6 DISCUSSIONS

Bone grafting is now a well-recognized choice ie threatment of periodontal osseous defects,
especially when used along with barrier membraxasious types of bone grafts and also their
combinations are used with varying degrees of sscéeitografts have been considered to be
the gold standard among bone replacement graftheys can induce osteogene®is’® !
However, there are some limitations for the autfigrigke a surgical donor site is needed and
availability of graft bone is limited. The alloptasgrafts or synthetic bone graft substitutes as
yet offer only a part solution to the managemenbacélized bone loss. They possess some of the
desired mechanical qualities of bone as well asogsinductive properties but are largely reliant
on viable periosteum/bone for their success. Thiaygrily serve as defect filler. In the present

study, we have evaluated the effectiveness of a&lncemposite alloplast in the treatment of

periodontal intrabony defects.

6.1 Discussion on the graft material Fortoss® Vital

Fortos$ Vital which is a combination of beta tricalcium phate and calcium sulphate is being
used in the treatment of periodontal intrabony dsfen our department since the year 2003. The
main reasons for the choice of this bone graft nmetever the conventional membrane and graft
technique to achieve periodontal regeneration amraquirement of a membrane, reduced
surgical time, lesser cost and the ease and patetatitreat periodontal intrabony defects
spanning more than 2 teeth. After all, the surfdwracteristics of the material might promote an
optimal integration of the graft material with avéarable healing outcome. According to the

manufacturers the material possesses an electibregarface charge (negative Zeta potential)
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and this will make it more accessible for the dttaent and proliferation of osteoblasts than

surfaces with no or even positive electric charge.

The use of a composite graft containing beta wioat phosphate and calcium sulphate was
described in only a few reports and studf&s'>’ 1% 1%tn those reports and studies it was found
that the use of this particular graft provided goesults. In a clinical study published in 2009 by
Stein et al, it was found that the clinical bereebf a biphasic composite graft containing beta
tricalcium phosphate and calcium sulphate werevadgnt to that of autogenous bone spongiosa
and superior to that of OFD alone. At 12 monthstqueratively, the patients treated with the
composite graft exhibited a mean PD reduction 6f430.7 mm and a mean CAL gain of 3.0 +
0.8 mm®®’ The study done on the iliac crest of dogs by Rautawlos et al. in 2009 revealed that
the mean percentage of new bone regeneration 4fteonths by histological evaluation and
morphometric analysis was 49.38'8%.Structurally porous beta tricalcium phosphate has a
compressive strength and tensile strength simgath&at of cancellous bone. It undergoes
resorption over a 6-18 month period. Calcium suipleas a compressive strength greater than
that of cancellous bone. It can act as a barrienibnane as well, which makes it ideal for using

as an adjunct with other graft materials. It regsiionly 5-7 weeks for complete resorptigh'>®
6.2 Discussion on methods

Measurement methods for the assessment of clioidabme variables, such as probing depths,
attachment level and gingival recession, have ddrsween studies, particularly with regard to
the use of automatic or pressure sensitive or guiorel probes and the use of a stent as a
reference point*? The key element is the consistency of the assessm®ughout the study. In

the present study, an occlusal stent was not fatledic the cement enamel junction and the free
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gingival margin served as the reference point. Mapwobes were used to measure the variables.
The ability of a probe to penetrate into a periddbpocket is related to several factors like the
probing force, diameter of the probe and the gialgiissue tone> " **"In our study, Williams
colour-coded probe (Hu-Friedy, Chicago, IL, USA)swesed throughout in order to ensure the
consistency in probe diameter. The clinical measerds were performed by 2 examiners
randomly. Both the examiners recorded similar meamants during a 2 year trial period of
cross-checking which ensured the similarity in jpmgbforce and method. Gingival tissue
consistency may be modified after the placememgjraft material in to the defect, which in turn

can impede penetration of the periodontal probsiogtfalse positive resulfs.

Unlike usual studies, we have considered the uciaffiesides of the tooth as well. We have done
this as the surgical wound included all the sidethe tooth and surgery as such can have an
effect on the unaffected sides as well. The intngbdefects in this study varied in terms of the
depth and type of the defect. There were 2 and IRavdefects. The sample size used in this
study was relatively small, but it was within ttemge of most periodontal regenerative stuffies.
Although standardised radiographs were not madehis study, 2 years after treatment
radiographic defect fill with bone-like radio opagtissue, which was indistinguishable from
native bone and therefore considered as new bame phwserved. The shortcomings of the study
could be a small patient group, no standardisetbgaaphic analysis or surgical re-entry to
establish the bone fill or regeneration, the noagesof stents during clinical measurements and
also the non-involvement of a control group in Whanother surgical technique or material was

used.
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Conventional therapy is capable of controlling peadntal disease. Scaling and root planning
allow reduction in pocket depth mainly by new cortiee tissue or epithelial attachment; with a
probable gain in clinical attachment level. Perioidb literature is sated with studies showing the
treatment of periodontitis by scaling and root pigrresults in reductions of probing deptfi>

®7. 8 The decrease in probing depth is caused partlyjhbyshrinkage of the pocket soft tissue
wall manifested as recession of the gingival mawgnich results from a decrease in soft tissue
inflammation; and partly from the gain in clinicattachment: *> °” n a thorough evidence-
based review, Cobb calculated the mgabing depth reduction and gain of clinical attaeint
thatcan be achieved with root planing at sites thaiailhy were4 to 6 mm in depth and 7 mm or
greater in depth. He reportettan pocket depth reductions of 1.29 mm and 2.16, mm

respectivelyand mean gains of clinical attachment of 0.55 mth’r@9 mmrespectively’

The regenerative procedures are performed aftecdhgentional scaling and root planing to
attain further improvement of the tissues destropgdperiodontitis. These procedures can
promote further bone fill, thus improving the sugpa structures thereby improving the long-

term prognosis of the tooth.
6.3 Discussion on results

Results from present investigation showed that gheft material used was effective in
significantly improving the clinical parameters Atand 2 years after surgery. The overall
reduction in PD and gain of attachment were founé highly statistically significant and the
mean difference in GR between the baseline andyata®s postoperatively was negligible and
not significant statistically. Ideally, a compavatistudy with open flap debridement and/or using

a different bone graft material in treating compéeadefect pairs would have been more
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significant to highlight the outcome of treatmersing Fortos8 Vital. The amount of PD
reduction was found to be greater in the deeperatiefin some cases, this reduction was up to 9
mm. PD reduction was achieved in 25 of the totgp&bents; there was an increase of PD in one
patient 2 years postoperatively. The local factord the non-compliance of the patient probably
would have resulted in the undesired result. A#tgrears, the number of sites with bleeding on
probing was reduced to almost half. The numberatimal sites (mesial and distal) with plaque

deposits also got reduced.

Several studies were done to evaluate the effewsge of calcium sulphate and of beta
tricalcium phosphate in combination with other mials resulting in good clinical outcomes. A
study by Harris in 2004 evaluating a composite bgreft (demineralised freeze-dried bone
allograft, calcium sulphate, tetracycline and paraydroxyapatite) and calcium sulphate barrier
showed a mean decrease of 4.7 mm of PD, 3.7 mmAbfahd a mean increase of 1.0 mm of
GR at 4-6 months postoperativéfyln another study by Paolantonio et al. using ioaic
sulphate barrier implant and barrier revealed amntezrease of 4.4 mm of PD, 2.7 mm of CAL
and a mean increase of 1.6 mm of GR at 12 month®peratively'® In a study published in
2008 by Dori, at 1 year after therapy, the siteated with platelet rich plasm#+TCP + GTR
showed a reduction in mean PD from 9.1 +0.6 mm.80+8.5 mm (P<0.001) and a change in
mean CAL from 10.1 + 1.3 mm to 5.7 +1.1 nimMost of these studies used clinical
measurements along with standardized radiographsofaparison. Unlike the present study, all
these studies were short-term studies and havedeved only the affected area around the

tooth, where the pocket depths were deeper, whahinfluence the results.
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We have used tetracycline HCI solution for root diboning during the surgery. Topical
tetracycline HCI conditioning removes the smearetagnd is believed to enhance fibroblast
attachment and growth, while suppressing epithet#ilattachment and growdtand also has an
anti-collagenase actidni® Furthermore, topical tetracycline HCI is adsorbeednd released from
the dentin surface maintaining an antimicrobialpgmy for at least fourteen days post therapy
156 However, root conditioning using tetracycline Hplplication has not proven to be beneficial

in terms of clinical significance to periodontagjemeratior?”
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7 CONCLUSIONS

Within the limitations of this retrospective studlye following conclusions were drawn:

» The treatment with a synthetic bone graft contgrencombination of beta tricalcium
phosphate and calcium sulphate led to a signifigdavourable clinical improvement in

periodontal intrabony defects two years after tmgery.

* The graft material was easy to handle, stronglyeeatt, packed well into defects,

appeared to harden as a solid in a few minutemadmpatible.

» There was a statistically significant differencaenms of clinical attachment level (CAL)
and periodontal probing depth (PD) between the lin@sand one year postoperatively
and between baseline and two years postoperati#slgn though there was a slight
positive difference between one and two year restlihically, the difference was not

statistically significant.

* A much longer term evaluation and further studiesreecessary to completely ascertain
the effectiveness of this material, and a largenga size is also recommended. Also,
standardized radiographic or a surgical re-entmec®@mmended for confirmation of the

clinical results.
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8 CLINICAL IMPLICATIONS

* From this study, it became evident that treatmdmesiodontal intrabony defects with
the new graft material Fortoss® Vital offers a neethto achieve significant probing
depth reduction and shallow residual pockets, whach considered important for

maintaining periodontal health and improving thegmosis of treated teeth.

* Fortoss® Vital can be prescribed in the treatmérit or 3-walled periodontal intrabony

defects.

* The ease with which this material can be manipdlated its property of being a graft
material and an integral membrane in one mixtu@al an easy and predictable way of

guided tissue regeneration procedure.

* The main reasons for the choice of this bone gnadterial over the conventional
membrane and graft technique to achieve periodoaggneration are non-requirement
of a membrane, reduced surgical time, lesser codttiae ease and potential to treat

periodontal intrabony defects spanning more thegeth.

101



102



9 REFERENCES

1. Abitbol T, Santi E, Scherer W, Palat M.. Using aimeonomer in guided tissue
regenerative procedures: technique and applicatise- reports. Periodontal Clin
Investig 1996; 18: 17-21.

2. Ahrens G, Bublitz KA. Periodontal diseases andttneat needs of the population of
Hamburg. An epidemiological study with 11305 prat®nDtsch Zahnarztl Z 1987;
42(5): 433-437.

3. Alcala M, Gomez E, Garcia A, Fernandez-Crehueth& periodontal treatment needs of
Malagan adults. Eur J Epidemiol 1993; 9(2): 229-232

4. Anerud KE, Robertson PB, Loe H, Boysen H. Periodbdisease in three young adults
populations. J Periodontal Res 1983; 18: 655-668.

5. Armitage GC, Svanberg GK, Loe H. Microscopic evéhraof clinical measurements of
connective tissue attachment levels. J Clin Pentmld 977; 4: 173-190.

6. Armitage GC. Clinical evaluation of periodontal elises. Periodontol 2000 1995; 7: 39-
53.

7. Armitage GC. Development of a classification systBmn periodontal diseases and
conditions. Ann Periodontol 1999; 4:1-6.

8. Babay N. Comparative SEM study on the effect oft rcenditioning with EDTA or
tetracycline Hcl on periodontally involved root fages. IndFian J Dent Res 2000; 11(2):

53-57.

103



9. Badersten A, Nilveus R, Egelberg J. Effect of nogmal periodontal therapy. I:
moderately advanced periodontitis. J Clin Periodordi981; 8: 57-72.

10.Baelum V, Fejerskov O, Manji F. Periodontal dissase adult Kenyans. J Clin
Periodontol 1988; 15(7): 445-452.

11.Baelum V, Chen X, Manji F, Luan WM, Fejerskov Oofles of destructive periodontal
disease in different populations. J Periodontal F896; 31: 17-26.

12.Baelum V, Luan WM, Chen X, Fejerskov O. A 10-ye&udy of the progression of
destructive periodontal disease in adult and efdéHinese. J Periodontol 1997; 68(11):
1033-1042.

13.Baelum V, Papapanou PN. CPITN and the epidemiolofyperiodontal diseases.
Community Dent Oral Epidemiol 1996; 24: 367-368.

14.Barmes D. CPITN-A WHO initiative. Int Dent J 193%: 523-524.

15.Barmes DE, Leous P.A. Assessment of periodontalstay CPITN and its applicability
to the development of long-term goals on perioddmealth of the population. Int Dent J
1986; 36: 177-181.

16.Beck JD, Koch GG, Rozier G, Tudor GE. Prevalena rask indicators for periodontal
attachment loss in a population of older commudibelling blacks and whites. J
Periodontol 1990; 61: 521-528.

17.Beck JD, Loe H. Epidemiological principles in stutyperiodontal diseases. Periodontol
2000 1993; 2: 34-45.

18.Becker W, Becker BE. Periodontal regeneration: Antemhporary reevaluation.

Peirodontol 2000 1999; 19: 104-114.

104



19.Becker W, Becker BE. Treatment of mandibular 3-walirabony defects by flap
debridement and expanded polytetrafluoroethyleneridsa membranes. Long-term
valuation of 32 treated patients. J Periodontol31 @@(11 Suppl): 1138-1144.

20.Bell WH. Resorption rates of bone and bone sulisstiOral Surg. 1964; 17: 650-7.

21.Bergsma JE, Rozema FR, Bos RRM, Boering G, De BNIC, Pennings AJ. In vivo
degradation and biocompatibility study of in vitrpre-degraded as-polymerized
polylactide particles. Biomaterials 1995; 16: 26742

22.Birkedal-Hansen H. Role of cytokines and inflammgtmediators in tissue destruction.
J Periodont Res 1993; 28: 500-510.

23.Black BS, Gher ME, Sandifer JB, Fucini SE, Richard&CJ Periodontol. Comparative
study of collagen and expanded polytetrafluoroethgl membranes in the treatment of
human class Il furcation defects. J Periodontold] @%(6): 598-604.

24.Borrell LN, Papapanou PN. Analytical epidemiolodyperiodontitis. J Clin Periodontol
2005; 32: 132-158.

25.Bowen JA, Mellonig JT, Gray JL, Towle HT. Compansof decalcified freeze-dried
bone allograft and porous particulate hydroxyapatit human periodontal osseous
defects. J Periodontol. 1989; 60(12): 647-654.

26.Brown JL, Oliver RC, L6e H. Evaluating periodonsétus of US employed adults. J Am
Dent Assoc 1990; 121: 226-232.

27.Burt, B. Position paper: epidemiology of periodérdseases. J Periodontol 2005; 76:
1406.

28.Camargo PM, Lekovic V, Weinlaender M, et al. A gotied re-entry study on the

effectiveness of bovine porous bone mineral useccambination with a collagen

105



membrane of porcine origin in the treatment ofahtmy defects in humans. J Clin
Periodontol 2000; 27: 889-896.

29.Campbell CD, Goldfarb D, Roe R. A small arteriabstitute: expanded microporous
polytetrafluoroethylene: patency versus porosityn/ASurg 1975; 182: 138-143.

30.Carraro, J. J., N. Sznajder, and C. A. Alonso:aimtal cancellous bone autografts in the
treatment of intrabony pockets. J. Clin. Periodb@8¥§ 3: 104-113.

31.Caton J, Nyman S, Zander H. Histometric evaluatainperiodontal surgery. II.
Connective tissue attachment levels after fourmegive procedures. J Clin Periodontol
1980; 7(3): 224-231.

32.Caton J, Nyman S. Histometric evaluation of periddb surgery. I. The modified
Widman flap procedure. J Clin Periodontol 1980;)7232-223.

33.Caton J, Nyman S. Histometric evaluation of perigdbsurgery. Ill. The effect of bone
resection on the connective tissue attachment.léueériodontol 1981; 52(8): 405-409.

34.Clark RAF. Wound repair. Overview and general cdestions. In: The molecular and
cellular biology of wound repair. 2nd ed. Clark RAdditor. New York: Plenum Press
1996; 3-50.

35.Cobb CM. Non-surgical pocket therapy: mechanicaln Aeriodontol. 1996; 1(1): 443-
90.

36.Coetzee AS. Regeneration of bone in the presencalolum sulfate. Arch Otolaryngol
1980; 106: 405-9.

37.Cortellini P, Pini Prato G, Tonetti MS. Periodontalgeneration of human intrabony

defects. I. Clinical measures. J Periodontol 1%9i3:254-260.

106



38.Cortellini P, Pini prato G, Tonetti MS. Periodont&lgeneration of human intrabony
defects with titanium reinforced membranes. A aadlfed clinical trial. J Periodontol
1995; 66: 797-803.

39.Cortellini P, Pini prato G. Guided tissue regenreratwith a rubber-dam: a five-case
report. Int J Periodontics Retsorative Dent 1994;9t15.

40.Cortellini P, Labriola A, Tonetti MS. Regeneratiyeeriodontal therapy in intrabony
defects: state of the art. Minerva Stomatol 20@{16): 519-539.

41.Cortellini P, Pini Prato G, Tonetti MS. Periodontalgeneration of human intrabony
defects with bioresorbable membranes. A controtigdical trial. J Periodontol 1996;
67(3): 217-223.

42.Crump TB, Rivera-hidalgo F, Harrison JW, William&,FGuo 1Y. Influence of three
membranetypes on healing of bone defects. Oral SuayMed Oral Pathol Oral Radiol
Endod 1996; 82: 365-374.

43.Cutress TW, Ainamo J, Sardo-Infirri J. The commyperiodontal index of treatment
needs (CPITN) procedure for population groups addsiduals. Int Dent J 1987; 37: 222
—233.

44.Cutress TW, Powell RN, Ball ME. Differing profiles periodontal disease in two similar
South Pacific island populations. Community Deral@pidemiol 1982; 10: 193-203.

45.Dori F, Huszér T, Nikolidakis D, Tihanyi D, Horvath Arweiler NB, Gera |, Sculean A.
Effect of Platelet-Rich Plasma on the Healing dfdhony Defects Treated With Beta

Tricalcium Phosphate and Expanded Polytetraflubgdene Membranes. J Periodontol

2008; 79(4): 660-669.

107



46.Dtizhal |, Cervinka M, Taha M, Strnad LRizena tkéova regenerace - uplami v
parodontologii. Quintessenz - Parodontologie 2@011): 18-25.

47.Durwin A, Chamberlain H, Garrett S, Renvert S, Bgelj J. Healing after treatment of
periodontal intraosseous defects. IV. Effect oba-nesective versus partially respective
approach. J Clin Periodontol 1985; 12: 525-539.

48. Elliott MP, Juler GL. Comparison of Marlex mesh anttroporous Teflon sheets when
used for hernia repair in the experimental anirAal.J Surg 1979; 137: 342-344.

49.Esposito M, Grusovin MG, Papanikolaou N, CoulthddWorthington HV. Enamel
matrix derivative (Emdogain(R)) for periodontalstie regeneration in intrabony defects.
Cochrane Database Syst Rev. 2009; (4): CD003875.

50.Evans GH, Yukna RA, Cambre KM, Gardiner DL. Clidicageneration with guided
tissue barriers. Curr Opin Periodontol 1997; 4814-

51.Fassmann A.Rizena tkéova a kostni regenerace ve stomatologii. Praha:daGra
Publishing, 2002: 13-14.

52.Florian A, Cohn LH, Dammin GJ, Collins JJ. Smalksel replacement with Gore-Tex.
Arch Surg 1976; 111: 267-270.

53.Frentzen M, Nolden R. The CPITN as an aid in deit@ng type and scope of treatment
needs. A study of over 500 dental school cliniagret Dtsch Zahnarztl Z 1987; 42(5):
428-432.

54.Friedlander G, Strong D, Sell K. Studies on thegamicity of bone. Freeze-dried and

deep frozen bone allografts in rabbits. J bond jBurg 1976; 58A: 854.

108



55.Froum SJ, Coran M, Thaller B, Kushner L, Scopp I8¥ahl SS. Periodontal healing
following open debridement flap procedures. |I. Ckh assessments of soft tissue and
osseous repair. J Periodontol 1982; 53: 8-14.

56.Froum SJ, Ortiz M, Witkin RT, Thaler R, Scopp IWalll SS. Osseous autografts. Ill.
Comparison of osseous coagulum-bone blend implamith open curetage. J
Periodontol 1976; 47(5): 287-294.

57.Fucini S, Quintero G, Gher M, Black B, Richardson3mall versus large particles of
demineralized freeze dried bone allografts in humémabony defects. J Peridontol 1993;
64: 844-847.

58.Galgut PN. Oxidized cellulose mesh used as a bradedle barrier membrane in the
technique of guided tissue regeneration. A casertep Periodontol 1990; 61: 766-768.

59.Garrett S, Bogle G. Periodontal regeneration wibimeb grafts. Curr Opin Periodontol
1994: 168-177.

60.Garrett S. Periodontal regeneration around nateeth. Ann Periodontol 1996; 1. 621-
666.

61.Garrett S; Martin M, Egelberg J. Treatment of peoiotal furcation defects. Coronally
positioned flaps versus dura mater membranes issclh furcation defects. J Clin
Periodontol 1990; 17: 179-185.

62.Genon P, Genon-Romagna C, Gottlow J. Treatmeningivgl recessions with guided
tissue regeneration: a bioresorbable barrier. ibéantol 1994; 13: 289-296.

63.Ginebra M, Fernandez E, Driessens FCM, PlanellMédeling of the hydrolysis of-

Tricalcium phosphate. J Am Ceram Soc 2004; 82: 2808

109



64.Goldberg VM, Stevenson S. Natural history of auaftgr and allografts. Clin Orthop
1987, 225: 7-16.

65.Gottlow J, Laurell L, Lundgren D, Mathisen T, Nym&y Rylander H, Bogentoft C.
Perodontal tissue response to a new bioresorbaliied) tissue regeneration device: a
longitudinal study in monkeys. Int J PeriodontiessRrative Dent 1994; 14(5): 436-449.

66.Gottlow J, Nyman S, Lindhe J, Karring T, WennstrdmNew attachment formation in
the human periodontium by guided tissue regenera@ase reports. J Clin Periodontol
1986; 13(6): 604-616.

67.Greenstein G. Nonsurgical periodontal therapy iA@@ literature review. J Am Dent
Assoc. 2000; 131: 1580-1592.

68.Greenstein G. Periodontal response to mechanicalsamical therapy: a review. J
Periodontol 1992; 63(2): 118-30.

69. Guillemin G, Patat JL, Fournie J, Chetail M. The o$ coral as a bone graft substitute. J
Biomed Mater Res 1987; 21: 557-567.

70.Hanes PJ. Bone replacement grafts for the treatmieperiodontal intrabony defects.
Oral Maxillofac Surg Clin North Am 2007;9(4):499-512.

71.Hardwick R, Hayes BK, Flynn C. Devices for dent@alar regeneration: An up-to-date
literature review. J Periodontol 1995; 66: 495-505.

72.Harris RJ. Clinical evaluation of a composite bgnaft with a calcium sulfate barrier. J
Periodontol 2004; 75(50): 685-692.

73.Hegedus Z. The rebuilding of the alveolar procesfdne trasplantation. Dent Cosmos

1923; 65: 736.

110



74.Heitz-Mayfield LJ, Trombelli L, Heitz F, Needlem&nMoles D. A systematic review of
the effect of surgical debridement vs. non-surgdabridement for the treatment of
chronic periodontitis. J Clin Periodontol 2002; 2902-102.

75.Henne HA, Flores-de-Jacoby L, Zafiropoulos GG. Epdlogical examination of the
periodontal condition of West German soldiers by tmeans of the community
periodontal index of treatment needs (CPITN). D8ahnarztl Z 1988; 43(6): 696-700.

76.Christgau M, Caffesse RG, Schmalz G, D’'souza RNar@tterization of membrane-
caused tissue reactions following GTR in caninedtions. J Clin Periodontol 1997; 27
(Suppl 1): 28-41.

77.Jin QM, Anusaksathien O, Webb SA, Rutherford RBarBobile WV. Gene therapy of
bone morphogenetic protein for periodontal tissugireeering. J Periodontol 2003;
74(2): 202-213.

78.Karring T, Nyman S, Lindhe J. Healing following itaptation of periodontitis affected
roots into bone tissue. J Clin Periodontol 198(®6~105.

79.Keagle JG, Garnick JJ, Searle JR, King GE, Morse @idgival resistance to probing
forces. |. Determination of optimal probe diamefePeriodontol 1989; 60: 167-171.

80.Khamrco TY. Assessment of periodontal disease usieg CPITN index in a rural
population in Ninevah, Iraq. East Mediterr Healtho®9; 5(3): 549-555.

81.Kiyokawa K, Kiyokawa M, Hariya Y, Fujii T, Tai Y. 8generative treatment of serious
periodontosis with grafting of cancellous iliac leoand gingival flaps and replanting of

patients' teeth. J Craniofac Surg. 2002; 13(3):8¥5

111



82.Klein CP, Driessen AA, de Groot, van der Lubbe HEodegradation behaviour of
various calcium phosphate materials in bone tis$ugiomed Mater Res 1983; 17: 769-
784.

83.Kornman, KS, Crane A, Wang HY, di Giovine FS, NewnnMG, Pirk FW, Wilson TG,
Jr., Higginbottom FL, Duff GW. The interleukin-1 rggtype as a severity factor in adult
periodontal disease. J Clin Periodontol 1997; 2477.

84.Laurell L, Falk H, Fornell J, Johard G, GottlowClinical use of a bioresorbable matrix
barrier in guided tissue regeneration therapy. Gasees. J Periodontol 1994; 65(10):
967-975.

85.Laurell L, Gottlow J, Zybutz M, Persson R. Treatmehintrabony defects by different
surgical procedures. A literature review. J Permddb1998; 69(3): 303-313.

86.Ling L-J, Hung S-L, Lee C-F, Chen Y-T, Wu K-M. Thdluence of membrane exposure
on the outcomes of guided tissue regenerationicalirand microbiological aspects. J
Periodont Res 2003; 38: 57-63.

87.Locci P, Calvitti M, Belcastro S. Phenotype expras®f gingival fibroblasts cultured on
membranes used in guided tissue regenerationiadBetol 1997; 68: 857-863.

88.Locker D, Leake JL. Periodontal attachment lossdependently living older adults in
Ontario, Canada. J Public Health Dent 1993; 5&1D)1.

89.Locker D, Leake JL. Risk indicators and risk maskfar periodontal disease experience
in older adults living independently in Ontario,r@da. J Dent Res 1993; 72: 9-17.

90.L6e H, Anerud A, Boysen H, Smith M. The naturaltbig of periodontal disease in man.
The rate of periodontal destruction before 40 yedrage. J Periodontol 1978; 49(12):

607-620.

112



91.L6e H, Anerud A, Boysen H. The natural history dfripdontal disease in man
prevalence, severity and extent of gingival reassi Periodontol 1992; 63(6): 489-495.
92.Lynch SE, Williams RC, Polson AM, Howell TH, ReddyS, Zappa UE, Antoniades

HN. A combination of platelet-derived and insulikel growth factors enhances

periodontal regeneration. J Clin Periodontol 19888): 545-548.
93.Machtei EE, Christersson LA, Grossi SG, Dunford Zambon JJ, Genco RJ. Clinical
criteria for the definition of "Established Periaditis”. J Periodontol 1992; 63: 206-214.
94.Marcato B, Paganetto G, ferrara G, Cecchin G. HigiHfermance liquid cromatographic

determination of some of the hydroliytic decomposit products of poly o-

hydroxyacid). J Chromatogr B 1996; 682: 147-156.

95. Mariotti A. Efficacy of chemical root surface moeifs in the treatment of periodontal
disease. A systematic review. Ann Periodontol 2@)3): 205-226.

96.Matsuki Y, Yamamoto T HaraK. Detection of inflammatory cytokine messenger RNA

(mRNA)-expressing cells in human inflamed gingivadombined in situ hybridization
and immunohistochemistry. Immunology 1992; 76(2)-4¥ .

97.Mattson JS, McLey LL, Jabro MH. Treatment of inwalp defects with collagen
membrane barriers. Case reports. J Periodontol; BB{3): 635-645.

98.McCulloch CA. Basic considerations in periodontalound healing to achieve

regeneration. Periodontol 2000 1993; 1: 16-25.

99. Melcher AH, Cheong T, Cox J, Nemeth E, Shiga A.tBgsis of cementum-like tissue in

vitro by cells cultured from bone: a light and ¢ten microscope study. J Periodontal

Res 1986; 21(6): 592-612.

113



100.Melcher AH. On the repair potential of periodoniabues. J Periodontol. 1976; 47(5):
256-260.

101.Mellonig J, Bowers G, Baily R. Comparison of bonefg materials. I. New bone
formation with autografts and allografts: A histgical evaluation. J Periodontol 1981;
52: 297-302.

102.Mellonig J, Bowers G, Baily R. Comparison of bonefg materials. I. New bone
formation with autografts and allografts determirgdstrontium 85. J Periodontol 1981;
52: 291-296.

103.Mellonig J, Prewett A, Moyer M. HIV inactivation ia bone allograft. J Periodontol
1992; 63: 979-983.

104.Mellonig JT. Autogenous and allogenous bone greftperiodontal therapy. Critical
Reviews in Oral Biology and Medicine 1992; 3(4)33352.

105.Mellonig JT. Freeze-dried bone allografts in peootl reconstructive surgery. Dent
Clin N Am 1991, 35: 505-520.

106.Moore WR, Graves SE, Bain Gl. Synthetic bone gsafistitutes. ANZ J. Surg. 2001;
71: 354- 61.

107.Mumghamba EG, Markkanen HA, Honkala E. Risk facforsperiodontal diseases in
llala, Tanzania. J Clin Periodontol 1995; 22(5)7-3564.

108.Murphy KG, Gunsolley JC. Guided tissue regeneratiorthe treatment of periodontal
intrabony and furcation defects. A systematic revidnn Periodontol 2003; 8(1): 266-

302.

114



109.Murphy KG. Postoperative healing complications asged with Gore-Tex Periodontal
Material. 1. Incidence and characterization. Iftefiodontics Restorative Dent 1995; 15:
363-375.

110.Nabers CL, O'Leary TJ. Autogenous bone transplamtshe treatment of osseous
defects. J Periodontol 1965; 36: 5-14.

111.Nasr HF, Aichelmann-Reidy ME, Yukna RA. Bone and nd&o substitutes.
Periodontology 2000 1999; 19: 74-86.

112 .Needleman I, Worthington HV, Giedrys-Leeper E, TercR. Guided tissue regeneration
for periodontal infra-bony defects. Cochrane Dasabaf Systematic Reviews 2006; 2:
Art. No.: CD001724.

113.Nyman S, Gottlow J, Karring T, Lindhe J. The regatige potential of the periodontal
ligament. An experimental study in the monkey. ih @eriodontol 1982; 9: 257-265.

114 Nyman S, Karring T, Lindhe J, Plantén S. Healindlofeing implantation of
periodontitis-affected roots into gingival conngettissue. J Clin Periodontol 1980; 7(5):
394-401.

115.Nyman S, Lindhe J, Karring T, Rylander H. New dttaent following surgical
treatment of human periodontal disease. J CliroBeritol 1982; 9: 290-296.

116.0ffenbacher S. Periodontal diseases: PathogeresisPeriodontol 1996; 1: 821-878.

117.0uyang XY, Qiao J. Effect of platelet-rich plasma the treatment of periodontal
intrabony defects in humans. Chin Med J (Engl) 200®(18): 1511-1521.

118.Page RC, Schroeder HE. Pathogenesis of chronianinflatory periodontal disease: a

summary of current work. Lab Invest 1976; 34: 238-2

115



119.Paolantonio M et al. Surgical treatment of periddbimtrabony defects with calcium
sulfate implant and barrier versus collagen baoteopen flap debridement alone: A 12-
month randomized controlled clinical trial. J Peioatol 2008; 79(10): 1886-1893.

120.Papakonstadinu E, Boariu M, Cirligeriu L, Nica L,aNhescu A. Clinical and
microbiological effects of scaling and root planiimg periodontal disease. Journal of
Experimental Medical & Surgical Research 2008;0B-209.

121.Papapanou PN, Wennstrom JL, Grondahl K. Periodatéls in relation to age and
tooth type. A cross-sectional radiographic stud@lid Periodontol 1988; 15(7): 469-478.

122 .Papapanou PN, Wennstrom JL, Sellén A, Hirooka HonGahl K, Johnsson T.
Periodontal treatment needs assessed by the usknichl and radiographic criteria.
Community Dent Oral Epidemiol 1990; 18(3): 113-1109.

123.Papapanou PN, Wennstrom JL. A 10-year retrospestivdy of periodontal disease
progression. Clinical characteristics of subjecithvpronounced and minimal disease
development. J Clin Periodontol 1990; 17(2): 78-84.

124 Pinchuk L. A review of biostability and carcinogeity of polyurethanes in medicine
and the new generation of ‘biostable’ polyurethadeBiomater Sci Polymer Educ 1994,
6: 225-267.

125.Pini Prato G, Tinti C, Vincenzi G, Magnani C, Cdiite P, Clauser C. Guided tissue
regeneration versus mucogingival surgery in thattnent of human buccal gingival
recession. J Periodontol 1992; 63(11): 919-28

126.Podaropoulos L, Veis AA, Papadimitriou S, Alexaddsi C, Kalyvas D. Bone
regeneration using beta-tricalcium phosphate ialeiwm sulfate matrix. J Oral Implantol
2009; 35(1): 28-36.

116



127 Polson AM, Garrett S, Stoller NH, Greenstein G,sBol AP, Harrold CQ, Laster L.
Guided tissue regeneration in human furcation defafter using a biodegradable barrier:
a multi-center feasibility study. J Periodontol 5986(5): 377-385.

128.Prichard J. Regeneration of bone following periddbtherapy; report of cases. Oral
Surg Oral Med Oral Pathol 1957; 10(3): 247-252.

129.Quintero G, Mellonig J, Gambili V, Pelleu B. A smenth clinical evaluation of
decalcified freeze dried bone allograft in perio@dbosseous defects. J Periodontol 1982;
53: 726-730.

130.Raja S, Byakod G, Pudakalkatti P. Growth factorgariodontal regeneration. Int J Dent
Hyg 2009; 7(2): 82-89.

131.Ratner BD, Gladhill KW, Horbett TA. Analysis of imitro enzymatic and oxidative
degradation of polyurethanes. J Biomed Mater R&8;122: 509-527.

132.Reddy MS, Jeffcoat MK. Methods of assessing pentmloregeneration. Periodontol
2000 1999; 19: 87-103.

133.Renvert S, Garrett S, Schallhorn R, Egelberg Jliktpafter treatment of periodontal
intraosseous defects. Ill. Effect of osseous grgftand citric acid conditioning. J Clin
Periodontol 1985; 12: 441-455.

134.Renvert S, Nilveus R, Egelberg J. Healing afteattreent of periodontal intraosseous
defects. V. Effect of root planning versus flapgary. J Clin Periodontol 1985; 12: 619-
629.

135.Reynolds MA, Aichelmann-Reidy ME, Branch-Mays GLlyr@golley JC. The efficacy of
bone replacement grafts in the treatment of peritaloosseous defects. A systematic

review. Ann Periodontol 2003; 8: 227-265.

117



136.Ricci JL, Blumenthal NC, Spivak JM. Evaluation of law temperature calcium
phosphate particulate implant material: physicaroltal properties anth vivo bone
response. J Oral Maxillofac Surg 1992; 50: 969-978.

137.Robinson PJ, Vitek RM. The relationship betweergiyial inflammation and resistance
to probe penetration. J Periodontol Res 1979; 38:243.

138.Roccuzzo M, Buser D. Treatment of buccal gingiealassions with e-PTFE membranes
and miniscrews: Surgical procedure and results ?f cases. Int J Perio-dontics
Restorative Dent 1996; 16: 356-365.

139.Roccuzzo M, Lungo M, Corrente G, Gandolfo S. Corapee study of a bioresorbable
and a non-resorbable membrane in the treatmentirmfih buccal gingival recessions. J
Periodontol 1996; 67(1): 7-14.

140.Rosenberg E, Rose LF. Biological and clinical cdesitions for autografts and
allografts in periodontal regeneration therapy. D@im North Am 1998; 42: 467-490.

141 .Russell AL, Leatherwood EC, Consolazio CF, Van RBerPeriodontal disease and
nutrition in South Vietnam. J Dent Res 1965; 445-782.

142 Russell AL. International nutrition surveys: A suiamy of preliminary dental findings.
J Dent Res 1963; 42: 233-244.

143.Rutherford RB, Niekrash CE, Kennedy JE, Charette MRtelet-derived and insulin-
like growth factors stimulate regeneration of pdotal attachment in monkeys. J
Periodontal Res 1992; 27(4 Pt 1): 285-290.

144.Salama H, Rigotti F, Gianserra R, Seibert J. Tlieation of rubber dam as a barrier

membrane for the simultaneous treatment of mulfjgleodontal defects by the biologic

118



principle of guided tissue regeneration: case tspdmt J Periodontics Retstorative Dent
1994, 14: 17-33.

145.Salonen LW, Frithiof L, Wouters FR, Helldén LB. Mgaral alveolar bone height in an
adult Swedish population. A radiographic crossieaal epidemiologic study. J Clin
Periodontol 1991; 18(4): 223-232.

146.Savage A, Eaton KA, Moles DR, Needleman I. A Systiic Review of Definitions of
Periodontitis and Methods that have been usedetatifg this Disease. J Clin Periodontol
2009; 36(6): 458-467.

147.Scantlebury TV. 1982-1992: A decade of technologyetbpment for guided tissue
regeneration. J Periodontol 1993; 64: 1129-1137.

148.Scott TA, Towle HJ, Assad DA, Nicoll BK. Comparisohbioabsorbable laminar bone
membrane and nonresorbable ePTFE membrane in nudaxdfbrcations. J Periodontol
1997; 68: 679-686.

149.Sculean A, Windisch P, Dori F, Keglevich T, Moln@, Gera |. Emdogain in
regenerative periodontal therapy. A review of therature. Fogorv Sz 2007; 100(5):
220-232, 211-219.

150.Schallhorn RG, Hiatt WH, Boyce W. lliac trasplanits periodontal therapy. J
Periodontol 1970; 41: 566-580.

151.Schupbach P, Gaberthuel T, Lutz F, Guggenheim Bo@eantal repair or regeneration:
structures of different types of new attachmetedodont Res 1993; 28: 281-293.

152.Sigurdsson TJ, Hardwick R, Bogle GC, Wikesjo UMEirBdontal repair in dogs: space
provision by reinforced ePTFE membranes enhances Aod cementum regeneration in

large supraalveolar defects. J Periodontol 1994366-356.

119



153.Singer AJ, Clark RAF: Mechanisms of Disease: cutasevound healing. N Eng J Med
1999; 341: 738-746.

154.Slade GD Spencer AJPeriodontal attachment loss among adults aged 608outh
Australia, Community Dent Oral Epidemiol 1995; 237-242.

155.Soder PO, Jin LJ, Soder B, Wikner S. Periodontdlstin an urban adult population in
Sweden. Community Dent Oral Epidemiol 1994; 22:-106.

156.Stabholz A, Kettering J, Aprecio R, Zimmerman Gk&a PJ, Wikesjo UM.
Antimicrobial properties of human dentin impregmhtavith tetracycline HCI or
chlorhexidine. An in vitro study. J Clin Periodoh1®93; 20(8): 557-562.

157.Stein M, Fickl S, Yekta SS, Hoischen U, OcklenbGtgSmeets R. Clinical evaluation
of a biphasic calcium composite grafting matenmthe treatment of human periodontal
intrabony defects: a 12-month randomized controtkaical trial. J Periodontol 2009;
80(11): 1774-1782.

158.Sukumar S, Eizhal I. Bone grafts in periodontal therapy. Actadica (Hradec Kralové)
2008; 51(4): 203—207.

159.Suomalainen K, Sorsa T, Ingman T, Lindy O, Golub .LWetracycline inhibition
identifies the cellular origin of interstitial caljenases in human periodontal diseases in
vivo. Oral Microbiol Immunol 1992; 7(2): 121-123.

160.TenHuisen KS, Brown PW. Formation of calcium-dedidi hydroxyapatite from alpha-
tricalcium phosphate. Biomaterials 1998; 19: 22@9-1

161.Thomson WM, Hashim R, Pack ARC. The prevalence iatr@-oral distribution of
periodontal loss of attachment in a birth cohor26{year- olds. J Periodontol 2000; 71:

1840-1845.

120



162.Tonetti MS, Prato GP, Cortellini P. Factors affegtihe healing response of intrabony
defects following guided tissue regeneration andess flap surgery. J Clin
Periodontol 1996; 23(6): 548-556.

163.T6zim TF, Erdal C, Saygun I. Treatment of Peridpental Implant Pathology with
Guided Bone Regeneration- Case Report. Turk J Med(®6; 36(3): 191-196.

164.T6zum TF,Sengimen M, Ortakoglu K, Ozdemir A, Aydin O, Kelkl. Diagnosis and
treatment of a large periapical implant lesion asged with adjacent natural tooth: a
case report. Oral Surg Oral Med Oral Pathol Orai®e&Endod 2006 Jun; 101(6): e132-
138.

165.Usher FC, Wallace SA. Tissue reaction to plast&cscomparison of nylon, Orlon,
Dacron, Teflon and Marlex. Arch Surg 1958; 76: @9B.

166.Wagner JR. A clinical and histological case studing resorbable hydroxyapatite for
the repair of osseous defects prior to endosseopkmt surgery. J Oral Implantol 1989;
15: 186-192.

167.Wang HL, Miyauchi M, Takata T. Initial attachment @steoblasts to various guided
bone regeneration membranes: an in vitro studerib@ontal Res 2002; 37: 340-344.

168.Wang HL, Boyapati L. "PASS" principles for predicka bone regeneration. Implant
Dent 2006; 15(1): 8-17.

169.Warrer K, Karring T, Nyman S, Gfogolewski S. Guidédsue regeneration using
biodegradable membranes of polylactic acid or pefhane. J Clin Periodontol 1992;
19: 633-640.

170.Wikesjo UM, Claffey N, Egelberg J. Periodontal riepen dogs. Effect of heparin

treatment of the root surface. J Clin Periodon881L; 18(1): 60-64.

121



171.Wikesjo UME, Selvig KA. Periodontal wound healingdaregeneration. Periodontol
2000 1999; 19: 21-39.

172.Yoneyama T, Okamoto H, Lindhe J, Socransky SS, djdf AD. Probing depth,
attachment loss and gingival recession. Findingsifa clinical examination in Ushiku,
Japan. J Clin Periodontol 1988; 15(9): 581-591.

173.Younger WJ. The American dental club of Paris: Megt of December 1902 and
January and March 1903. Dental Cosmos 1904; 46: 39.

174 Yukna RA, Mayer ET, Amos SM. 5-year evaluation afirBpite ceramic alloplastic
implants in periodontal osseous defects. J Periotld889; 60: 544-551.

175.Yukna RA. Clinical evaluation of coralline calciucarbonate as a bone replacement
graft material in human periodontal osseous defdd@eridontol 1994; 65: 177-185.

176.Yukna RA. Clinical human comparison of expandedytafluoroethylene barrier
membrane and freeze-dried dura mater allograftgmded tissue regeneration of lost
periodontal support. I. Mandibular molar classuidations. J Periodontol 1992; 63: 431-
442.

177.Yukna RA. Osseous defect responses to hydroxyepdgtiafting versus open flap

debridement. J Clin Periodontol 1989; 16(7): 392-40

122



