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INTRODUCTION

It is now established that following periodontal

disease ancl subsequent attachment loss, gingivai reattach-

ment can be achieved providecl that sufficient preparation

of the diseased root surface is carried out. It has been

gerlerally accepted thar reattachment \das achieved by long

Junctional epithelial attachment.

Recent resear:ch revived interest in an old treatment

method advocated at the turn of the 20t1-r century. It lres

recoillmended ,tha f- di sease-d root surf aces should be treated

with acid. Recently, 207" Citric Acid \,vas suggested as an

appropriate therapeuti c agent and, af ter a cicl ci-emine ra7--

i-zation, gingival reatf-achment was f otrnd to f avottr

connective tissue reattacLrment.

The present study \,vas designed to examine the re.sult

of ac j-d-trea'Eecl cementum ¿rnd its ef f ect upon reattach-

ment. The topic.a I use of 207" citric acid appJ-ied io the

root surface has the potential to damage the dental pulp.

This concern \47as also investigated in the stucly"

The animal rnodel adopted was the beagle d.g,

relatively healthy periodontal tissue \{as useC and the

experimental design ensured that surgical trauma and its

repair under the influence of citric acid or saline could

be compared. The establishmerrt of periodontal disease- ii-r

(iv)



the dogs

precluded

would have been desirable but time constraint
that approach.

The results confirmed that a difference existed in
the healing patterns between surfaces treated with acid
and saline. rt was also found that the tíme periods

chosen for the experiment gave an adequate insight inLo

the healing potential. The effects of citric acid used in
the experirnental rnethod failed to cause detectable pulpal
changes.

(v)



CI]APTER I



T.I

LITERATURE I{EVIEW

Gíngival Reattachment

Ever since periodontal disease ( pyorrhea alveoLaris'k )

\,ras first- described by Hunter in 1,77I, the objective of

reattachment of connective tissue and epithelium upon the

tooth surf ace tra.s remained a challenge. The reattachment

of connective tissue is achieved by embedding collagen

fibres ( principal fibres ) into ttre surface layer of

cementum to form Sharpey's fibres. (ORBAN , 1944 Oral

Histology). , Controversy surronnded the natu,re of epi-

thelial attachment, as opinions rangecl f rom I'no attach-

mentrr to chemical and physical bonding. A proLracted

dispute r:esulted among derrtal researchers to clecide

whether or not reattachment of both connective tissue and

epitheliurn coul<l occur in the healing phase of periodorrtal

disease.

I.L. i Possi bility of gingival r:e¿rttachment

YOLTNGER (1893, 1905 ) a pioneer of tc¡oth re-implan-

tation claimed that reattachment of soft tissue to

implanted teeth \,ras not only a poss i.bilil-y but a

*The term rrpyorrhea alveol.arisrf meaning f lowing of
pus f rom the alveolar sockets, descrl'-bes the symptoms
rather than the di.sease. This lerJ to the acloption of the
term ttperiodontoclasiarr which \ras thorrgl-rt to be more
appropriate. Todayr ttperiodontal diseaserr is universal-l¡'
accepted as the official terminology for ttris condition.

t
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reality. t{e advocated complete removal of the cementum

and steriLLzatlo.n of ttLe root-fillc-d tooth (soaking for: L

week in 2.5% solution of carbolic acicl ancl then treated

in a bath of 1-1000 solutjon of bichlorid of mercury)

prior: to implantation.

STEI^IART ( ,tB 99 ) cite d methods of treatment f or

pyorrhea alveolaris by a l-ondon dentist in L760. It hTas

believed that periodontal <iisease was caused by a

specific inf ectj on of ail oraf- micro--organí.sm, and that

calcul-us formatjc.,n \^/as a sequelae rattrer than a cause of

the condition ( Cl-ement 1893 ) . As a. ::esult c-¡f periodonIal

di sease, cementum becomes hypercalcif j-eci. Stewert, thus

ba s ed hi s treatment rationale on thi s knor,sl edge . Ile rvr:ote :

Our ti:eatment is based on the supposition tha_t the
organic matter of the cementum is replaced by
c¿rlci'-f ic mattey--, the r,thole structure becorning very
dense and shutting off vital connecLí.on between
the tooth ancl the organism at large. Ti-le peri-
dental men¡br¿rne being no longer abLe to perf orrn
its functions, dies at Lhat point.

Using eucain as local anaesthetics Lre surgically
separated gum irr¡m teet-h clown to the level of alveolar
bone. Then he removed most of the cementuln 1ty sci:apí-ng

with a sharp e>lcavator and cut gïooves into the root

surface "to afford a better place for deposit and attach-

ment of new tissue.rr This \,vas f ollowed by Lacerating the

gum with a lancet ancl re-aclapting the t-issue for healing.

Stewart also suggested that reat-tachment Tras enhanced

if root surfaces viere "roughenedt'by topicaLly applying

acid ( sulphuric or hydrochloric acid ) to decalcify the
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surface, Stewartrs work did not receive mu-ch attention,

and very little progress \^/as made for the next few decades.

The first attempt to support trreattachmentrr claj-ms by

histologic evidence LTas made by BOX (L924). He prepared

sections of a tooth treatecl by McCall j-n l9LZ and extrac-

ted in L920. Later, BOX (t928) described a short-term

study (1 to 9 days) of 3 cases using the same technique as

McCall.

T1'rree different schools of thought evolvecl; the first

group, led by BLACK (1937), COOLIDGE (1938), BT.ANQUIE

( 1950 ) and 'ADLER (1951- ) suggested that reat-,tachnrent \,vas

impossibl.e and that it had ner¡er been proved in practice.

The second group, supported GOTTLIEB ( 1933 ) , ORBAN

(1948 ) and NOYES (191-2) and believed that reattachment \^ras

theoretically possible, but technical dif f icrrlties macle it

impossible. GOTTLIEB (L946 ) pr:oposed hris rrNew Concept of

Periodontoclasiart, although most of his assertions were

subsequently proved to be incorrect, his concepts domin-

ated dental thinking f.or many years.

The third group were researchers who claimed that

reattachment occurred clinically ancl in experimental

studies " Early workers included STII-LMAN (1917 ) , MERRITT

(1918) and BUNTING (1928), followed by LEONARD (L931.,

1935 ) , .IA}4ES (L933) , SMITH (1935 ) and BJORNDAHL ( 1948 ) .

BECKWITH et a!. (1927 , 1,928 ) were the first to

investigate this problem using labor:atory animals. The.y

reported regeneration following the surgical destruction
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of a section oÍ the supporting structure in rodents, but

in an are-a remote f rom and not invoJ-ving the gingival
crevj-ce. Later, they reported a si-urilar resul-t with cats .

since then, conflicting findings have been reported by a

number of investigators, using various mcdels.

LEONARD (L943) claimed that epithelial pocket lining
is capable of. attaching itself to Eooth surface which has

been rendered f ree of debri s , prorziding the surr:ounding

connectir¡e tissue binds it tightly agaínst the tooth
surface" Follolving Gottlietr's concept of epithelial down-

grcwth, he, c.ontended t.hat reattachment af ter poclcet

eliminatí-on vras epithelial- in natrrre; since eví dence of.

connective tissue reattachment hras lacking. His assertion
drew criticism from other workers anC stimulated stuclies

on the exacL nattrre ancl type of reattachment" Hístological
study rví.th light mi.croscopy hTas the main node of
investigat j-on.

BEUBE (L947 , 1952, L960) publishecl data on heali ng

and reattachment af ter s.rrgical wounding in clogs. He

showed that ne\,r cementum lvas f o¡med i n 27 days, which

continueci to gro\ñ in thicknes s ano density. New bone

f ormation v/as al so f ound with f ibrob.ta st-s and connective

tissue filljng in t.he space between bone and cementum.

In an effort- to reproduce the condition of perio-
dontal clj-sease in an experimental animal. B.JöRN (1,961 )

using dogs, removed labiar soft an<l hard tissue and

exposed al--out Ll3 of the root length to the oral environ-
ment. six months later, a labial f lap lvas mobilized tcr
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cover this defect in an attempt to achieve reattachnient.

He found that new cementum formed over the exposed

cementu.m in the healing phase. Another import--ant aspect of
hi s f inding \^zas that by excluding epithel ium f rom the

healing process in the periodontium, it was possible to
obtain complete mesenchymal reattachment with reorganiz-
ation of root cementum, periodontal membrane, and alveolar
bone. tlp to the end of the I 950s, iL \,vas generally
believed that nerr cementum cannot be formed on necrotic
cementurn, and that consequentl y, l'-rr order to f acil_itate
reattachment, the surf ace Layer of the denu.rJed ceflìerrtum

ought to be removed during a reattaci.rrnent operation.
Björn's findings cast doubt on such a concept.

FRIEDMAN (-1958 ) stated that there lvere two types of
r:'eattachment: connective tissue and epithelial. The

general c.onsensus rras that connective reattachment tvas

more desj-rable since it formed a rì,e\^7 atLa-chment apparatus

together v¡ith new cernentum and nerv bone. on the other
h.arrd, epi thelial re-aLtachrnent lras corìsidered temporary

and unstable. Frjedman also discussed at lerrgth various
nlethods of assessing the extent of reattachment r,vhich he

considerecl grossly inadequate. Both cll'-nj cal probing ancl

radiogi:aphic assessment \,vere deeme-ci unreliable, whilst
histologic (histornetric ) assessment {.das the only true
guide 

"

I-rNGFIORÌ'IE (L964, !950-1957) published hisiologic
striclies of Tegeneration and reattachment. l1e reaf f irmeC

the possibility of connective tissr:e reattachmeni and



6

suggested that downgrowth of the epithelium over the

detached gingivae was the result, not the cause of the

failure of the reattachment. His findings led N{ORRIS

(1949) and CARRANZA (1954) to advocate a surgical tech-

nique whereby both the sulcular epithelium and necrotj_c

cementum v/ere removed.

\^7ere convi-nced of the possibility

of

Most investigators

reattachment and massive data hiere available to

support the concept. These included SKILLEN & LIJNDQUIST

(L937 ) , t4cCALL ( 1951) , MORRIS (19.53, L954) , RAMFJORD

(1951, L952),, ROCKOFT' ( 1958 ) , SHAPTRO (1_953, 1,957 ) , STAI{L

(1962) and many otLrers.

I.1.2 Nature of epithelial attachment

It{uch of the confusion regardÍng reattachment stemmed

f rom a poor understanding of the nature of gí ngí-val

attactrrnent. It was unclear whethe:: epithelium \^/as

actually attached to the tooth surface, or whether it \.das

closely approximated to cementum.

I,{AERIIAUG (1952) maintaÍned t-hat there \^ras no

epí-thelí-al attachment. He clairned that the bottom of the

clinical pocket \^ras situated at the deepest lirre of

epitheLial attachment, thus the ilepithelial attachmenttl

belongs to the ll'-ning of the pocket. Most researchers

subsequently clisagreed with this view.

MACAPANPAN (1-954 ) cited cases where a strong boncl

exi-stecl between the gingivae and the tcoth surface eveïì

though the gingivae had been torn a\^/ay. Thi s suggested
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that the strength of epithelial-tooth bonding \.das greater

than that of the interceLlular adhesiveness in tl-re

epithelium. T,ander (195-5) pointed out the pitfall of
accepting evidences such as presented by Macapanpan. Iîe

suggested that histologicai sections, especially when

artifact lvas present, should not be draivn on as reliable
eví-dence.

ORBAN et ql. ( 1956 ) studied epithelial attachment r'_n

6 dogs and 4 monkeys, usi.ng light microscopy. They

concluded that gingival epl thelium did attach to the

enamel surface, aLthough the actual mechanism hras

unclear. Such attachmerrt \,vas of some rrfirmnessrt because

it was evidently stronger than the int-ercel-lular connec-

tions between epj-thelium and underlying connective tissue.

GARGIULO gt__ el " ( 196L) f ollowed on Orbanr s stud.y

usirrg human rnaterials. They felt that epj-thelial attach-
ment to the tooth was relatively weak in spite of t_he

fact that it wâs stronger than individual cohesí-veness oi
the epithelial cells. Their histometric measurements

found that the connective tissue attachment (from the

base of epithelial attachment to the crest of alveolar
bone) was constant, averaging 1.07mm., whereas the length

of the epithelial. attachment was variable.

WEINRER ( 1960 ) used a nevr histologic method to
obtain ground sections of both soft and hard tissues. He

concluded ttrat there r.,ras a def inite union be-tweerr the

gingival epithelium and the tooth surface.
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His conclusions lrer:e based on

1 ) Filling gingival- pocket with Cavit or self-curing
acrylic demonstrated continued adherence of eot'-
thelial cel ls to the hard tooth substance

2) The intr:oduction of thin strips into the gingival
sulcus dicl not detach the epithelial attachment
from its union with the hard tooth surfac,e.

3) It was impossible to detach the gíngiva from the
hard tooth surface by fLaps without causing tear:s
in the epi thel ium, part of which cont-inue-ci to
adhere to the too[h.

WERTHEIMIIR & FULLIUER (1960 ) atrempred ro idenrif y

and characte-rtze- the biocl-remical. natr:re cf the epi t-helia I
attachment cuticle. They fotrnd tirat the cuticle possessed

a peculiar Çype of carbohydrate, howeve-r:, the presence of
a residual lÍ.pid v/as not excluclecl. SCHUL'IZHAUDT et _ a_L.

(1963 ) investí.gated the nature of. contact between

gingivaJ- epiLhelium and the tooth enamel sur;[ace. They

believed í t \^/as a rnucopol ysaccharide although ful.l j-der-r-

tification \^7as rrot achievecj .

In vilro striCies \^Jer-e al-so made on cellular attach-
ment ontc tooth su.rface. POI^IELL (1-968) usecl mono-layer

cultures of Heia (calf) cells and showed adhesion to the

enamel of bovine incisorls, although such adhesion i,¡as not.

as effective and firm as that to glass. MILNEK & POhÌELL

(L970) used Syrian baby hamster kidney cells (BHKrr) aird

demonstrated adhesion to bovj-ne incj-sors. They also founci

acidi c an<l neuti:a1 gLycoprot.eins arrd acid glycosamirro-

gl-ycans secreted by the attached cells. Ttrey went on to
postulate th¿rt these subsLances v/ere necessary elements

in the process of attachrnent of. cells to enamel .
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1. 1.3 Electron microscopic studies

The adr¡ent of the electron

interest in reatiachment

thelial t.issues.

1 ) An attachment is
cuff and enamel or

microscope brought a renewed

both of connective and epi-

LTSTGARTEN (1,966) demonstrated the ultrastructure of
gingival attachment. He showed that:

2)

3)

/+)

the epithelial

The attachment erpparatus (epí thel-ial ) consists of
hemidesmosomes and cenienting layers.
There are two types of cuticles.
Cuticle A is the layer on the tocth surfac.e, itconsists of an el ectron dense, granular 1 ayer:.(This corresponds to the primary enl¿lmeL cuticré ofGottl.ieb and Orban. )

present between
cementum.

his

the

study to attachment after
He corrclucied:

mottl ed appear--
over enamel or

colJ-agen
into the

granr,rlar

f í.nciings in Lri s

dento-epi tLrel ia I

CuticLe B has a less gi:anular but
ance. It could be lyí_ng directly
cernentum or ctrticle A.
Connective tissue attachment consists of
fibril s extending from the gingivae
cement.um, and embedded in a rather sparse,
matrix.

Listgar:ten (I967 ) extencled hi s

gl'-r-rgival surgery using monheys.

LIS'IGARTEN (1970) summari,zed

proposed changing concepts about

All sholed formatj-on of a nerv epithelial- reattachment
consisting of hemi clesrnoscmes and a basernent lamina. rn
some areas, this attactrnient apparatus connected thecells cJii:.-ctly to the tooth surface. rn r-¡ther areas,cuticul-ai: structures \.vere :lnterposecl between théattaclrment apparatus ancl the tooth surf ace. Althoughthe la¡'sr-s intervening between tbe attachment
apparat-us a;rd tl-re tooth surface may represent acquiredpellicles, they ma:/ also be due to ti-re denaturat j.on ofsr:perfr'c:lal layer:s of cementum" Any factor affec[_íngthe i rrtegrity of the epith :LiaL tissue, the aEtachment
apparatu,s or these cuL j cl-es couid resr-rlt in breakd.ownof the epithelial attachment.
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jr-rric.tion. Ile suggested that

1 ) The junc L--ional epi-the1 ium i s med j-at.ed by
rnosomes a.rrd a c.el Lul.ar baseilent membrane.

2) The cel is res j-st separatí.on f rom the tooih
but are capable of gliding along it.

henlCes.-.

strr:f a c ei

HODSON (L966, 1,967 ) presented quite a contrastine
vielv regarcling ühe derrtal cuticle" He wrote:

The result shows that Gotr-l iebrs cuticle is a
fortuitous for¡nation lying between Lb.e tooth surface
and t-he ad jacent. epi thel iurl; it isi f o::eign t-o the
part, of hernat-ogenoLis or:ig j-n ancl cornposetl of
denatured haernoglob-Ln for:med from conglutinated
erythrocytes. Tlre dental cuüj-cle is a pathclogícal
f orma-t j-on as sociated ';vit-h haemorrhage in hypeiemic
and inflanied tissr:es. it í s suggested that it be
i:enamed , the Henato enous Pa racionta I ]J aLírre La er.
it is considere¿I- L. clL L e eor ES ase ont rS
structure and f c-rrmal-ion of the gingival_ sulcus, the
concept of tl-re epí t trel ial ait¡,rchment arid the pr:ocess
knolvn as Pa s s ive Eru t ion r ¿:rre in the light of the
rretu' findi ûgS, no orrg,er tenab.l e.

TAYLOR & CAl"lPBELf, (1,972) s [udied reattachnent of
gin¿¿irzal epithel ium to the tooth microscopicall-y and

uitrastructur:al.ly. Ilsing marmoset, 
. ¡-r1's*olars, tl-rey separ-

aterd the gingivae fronl the tt.:oth sur:face with steel
bl ades . On the third dry, t.he apÍ_cal I lZ. tci 3l 4 of the

epithelium rdas attached Lo the en.amel cuticle by well
formed Lremí.desmosomes. on the fif tir dry, r'eattachment had

reached the level of the best colrtr:ol unoperatecl

gingí-vae. These f i-ndings \^7ere consistent with the

concepts of a d)'narnic attachment in wLrich newl.y pr:olifer-
ated epÍ.thelial cells near Ehe cervix attach themselves

to the tooth and mig,rate occlusalty along its surface
(Listgarten tc)70) ^ The epithe,l t'-al seal, a.ithough veïy
weake can rapi d1 y repair itself arter being mechanj-ca1 11'

di s rupied .
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FRANK gt al . ( 1972 , 1974 ) stuclied the ultrastrtrcture
of epi thelial and connective gingival reattachment in
man' Their f indings mainly reaffirrle-d other light micro-
scopic studies.

SAGI,IE et a-l . ( 197 4)

pathologic pocket area of

electron microsccpy (SEl,1) .

the exposed cementum surface.

exarni.ne-d the topography of

hum¿rn teeth using scanning

He noteC the rrroughnes stt of

I(OBAYASFII "l*- el . (1976 , 1977 ) sLudi ed rhe ulrra-
structure of the clento-epithel ial junction i. e. ,

junctional- épithel,ium, irr Rhesus nonkey. They f ound that
the basa1- lamina was composed of 3 layers:

1 ) Lamina lucida

2) Lamina densa

3 ) Sub-lamina lucl'-rla

Fine fil aments often coursecl tl-rrougtr the lamí.na densa,

lamí-na I ucida and hemidesrïo sonìes and combinecl the-m i-nto a

structural uní t. The existence of a sub-laml'-na lucicla

betweerL t--ire lami'-na densa and too th surf ace \,vas a newly

defj-ned J-ayer. Kobayashi then wer¡.t orr to propose that
tbis is an area of competitive electr:ostatic forces of
repulsion and van der I',laals forces of attraction. rn ân

attempt to elucidaLe the nature of the basal larnina,

using various hi stoctremical mettrocls , they concluded that
the basal lamina was an active par:ticipant in the

aclhesj-ve rnechanism at the clento-epitheLi.al junction, but

the dental cuticle had a transient role and substitutes.
rvhen pr.esent, f or the tooth surface.



L2

KAPLAN (1977 ) used SEM to study the sulcular and

junctional epithelium of normal and diseased gingivae,

found that the epithelial cells of peri.odontal pockets

have rrpunched outtr areas. This, they believed, represen-

ted areas of increased epithelial tissue permeability in

the presence of inflammation.

GARNICK (1977 ) proposed the use of the tat as a

model system in the study of the dynamics of the long

epithelial atLachment.

SAGLIE e_t al . (1,97 9 ) demons trated r;he

in dif f erent parts of jur-ictional

functional

epir-l-reliumvarLations

using TEM. They found:

1) the apical zorre shorved epithelial cell-s with germin-
ative characteristics ;

2) the niiddle zone seems to be one of major adhesive-
NESS;

3) the coronal zone is one of. major permeabitity.

L.1 .4 GingÍval reattachment af ter periodorital t-herapy

SANDERSON (1966) and KON (L969) found variations in

the healing response of diffei:ent animal models. This

prompLed STAHL et _al. (197L) to study the healing behav-

iour of soft tissue following curettage and root planing,

They concluded that individual specí-mens f rom the same

host \^rere independent and reflected an unchanging inflam-

matory response, given normai metabolic variation. Inflam-

matory response at each tooLh then nay be prÍ.maril-y

controlled by local factors ( i. e. , plaque, trauma, etc . ) .

BURFIEI-D (I97I) in a study using human teeth, showed

that attachment of epithelium and connective tissue can
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be expecteci to follow operative procedures on the peri-o-

dontium . Furth.ermore , he demons f-rated reattachment

occurred even if un.favourable conclitions of oral hygiene

exi s tecl .

Others al s o repr:rted regeneration cf

cementum f olloroing gr:af ting procedures (ROSS

L968, DRAGOO & SULLIVAN 1973, FROUM et al . 1975,

MILLER 797 5, IIIATT et *a1". t97B, LISTGARTEI.I &

1979). Ilowever, a1-l of these reports failed to

the amount of new attachrnent due to the lack of

landrnai:ks.

bone and

& COHEN

HAI,{LEY &

ROSENBERG

quantify

reference

CATON & ZANDER (L97 6 , 197 9 ) clairned that af ter
periodic root planing and soft tissue curettage, the

gingival reattachment \^ias prí-mari1-y forrned by long junc--

tional- epithel iunr. Th:L s view \,vas shared by other

researchers (HIATT gt _a1_. 1978, MOSKOI^I e!__ ef . 79 r-9,

LISTGARTEN & ROSENBERG 1979). It was generall¡r concede-d

that connecEive tissue reattachment after periodontal

therapy, aLthough desirable, \^7as a rarLLy.

The most significant development in periodontal

therapy in th.e 1,970s was a gradual shift of emphasis in

the modality of treatment. Attention was focussed on the

preparation of root surfaces, rather than surgical maní.p-

ulation of the soft, tissue. Such change of attitude among

periodontists ancl researchers \,üas sparked off by the

classic demonstraL.ion by HATFIELD & BAUHAMMERS (I977) and

later ALEO et al. (1974, 7975).
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Hatfiel.d and Bauhammers showed that epithelial ce-ll

culture suffered degeneratir¡e changes when exposed to
rrd.iseased cementumrr. Aleo demonstraLed cells f rom fibro-

blast culture, which normally attach to healthy cementum,

will not do so when presented with I'diseased and exposed

cementumrr. ALeo showed that by treating the diseased root

surface (..9. mechanical root planing, chemical extrac-

tion of endotoxin with phenol. ) that the biological

v:iability of the root surface could be restored and again

attracted fibroblasts. It seems logical, that per:iodontal

therapy should aim to prepaÍe root surf-aces to return

them to a bf-ologically acceptable st-ate that will enhance

epithelial and connective tissue reat-tachment.

1..2 Root Preparation wit-h Citric Acid

1.2.1 Aninal studies

STEI{ART (1-899) \,vas the first to advocate the use of

acids to treat periodontally exposed root surfaces in all

a"tEennpt to achieve reattachment . IìEGISTER (I97 3) revived

interest in this tr:eatment method. He studied the effec.t,s

of demineraLi.zatLon ( by chemical. s ) on rea ttachment . Both

iq -v_i!¡q and ryrJe tests vrere maCe with various chem-

icals; he concluded that citric acid \^/as the most

satisfactory chenical a'vailable. He claimed that citric

acid

1 ) has no undesirable sicle effect, - caused no pulpal
í.njury;

2) \^7as biologically '¡e1.1- tolerated by sof t tissue;
3) shows signif icant acceleraLed heal j-ng.
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I{EGrsrElì & BL]RDrcl( (797 5 , L976 ) recommencled 20% citric
acid @ pH 1 as a suitable ther:apeutic concentration"

P.EGISTER ( 1978 ) also demonstrated- í-mpressive resuLts

clinical Ly. I{e reported 3 cases of endo-perio l.esions
I

with acivanced bone loss. After er-rcloContic tre-at-ment and

topical. applicatioir of citrj c acj-d on root surfaces he

achierred consiclerable soft tissue reattachmerrt and some

bor-ry regerìeration.

I¡Jitl-r the aid of the el e-ctron micrr.>scope GARRETT eL.

al . (L978) studi ed tire ef f ect of citric acíd on cliseased

root surfacqs. LIsing SEM, Lhey founcl that acid applic-
atiorr hacl no ef f ect on unplaned specimens . Ilowever r ofl

the root planed surfaces, the acid producecl a fibre-like
surface rvith frequent depressior-rs. TEM observations

showed that the ac.id application produced a 4 inj cron wj de

ciemineral i-zed zorre, which was characteri-zed by exposed

collageir f ibril-s. These f ibrils seemecl tn be contj.nuous

lretween rni neral tzed and demirrer al.Lzed zanes of the root.
They speculated the acid causes exposut e of collagen

fj-bri1s in the cientine maLrj-x, thus prorridi-ng a suitable
nidus for splici-ng rn''ith nehz fj.brils during the healing

process.

Furcal. les j-ons lvere experí nientally induced in a

group of labraclor dogs b)' (CRIGGER gt ?1 " (.197 B). Using

citric acjd to sr.rpplement their surgical proceclures., ihey

achievecl closure of furcati-on (in mesi.o-distal sections )

in 2I out of 23 cases. In the same experirnental model,

NrLVÉUS ei- al. (1980) found rhar repeating the surgicaI
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procedure did not improve the reattachment status of

these furca. St¿rt j-stical anal ysis ruled out Lhe ef f ect-s

of other adjunctive therapeutic measures in this expe:rim-

entâl model , ê.8., systemic antibictics, gel-foam (as a

matrix support for the blood coagulum) and coronal

reposiLioning of the mucoperioste-al f laps. The sLlccess of

reattachment in this experimental model \ÀIas attributed to

the topic.al âppl ication of ci tric acid . (NILVEUS &

EGE]-BERG 1980).

RIRIE qt _ g.l-. (1980 ) used 7 l-abrador retrLeve'rs,

surgical-Ly expc'sed labial aspects of roots of maxiliar:y

incisors. After root planing and citric acid applicati-<in,

the r¿ounds were closed in the conventional \vay. They

f ouncl that cornpared to convent j-onaL f1-ap surgery j-n t.he

same animals, application of ciLric acid tc the instrumen-

Led root surf a ce resul ted in an improvecl rat-e of

connective tissue heal in.g as well as a rapid and

consi-stent r:e-establi-shnent of connective tissue attac-

hment through e>rtensive interdigitation of nehT and o1cl

collager-r f ibriis at the tooth-gi ngiva interf ace . Sub-

sequent reinfor:cement of the establi-shecl connective

tissue attachment included recalcification of the acicl-

affected dentine and deposiLion of new cementum.

SELVIG gç_ aI*. ( 1981) further supported Ri rie's

finding by repeating a sinilar experiment using 3 beagl es

with expe::imenl-ally inducecl furcation lesions. Tlhey

showed that attachment of soft c.onnective Lissue to a

root p1-ane-d ancl acicl-condí tioned dentine surf ace can be
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achieved by the sanìe mechanism irrespective of whether

the root surface has been surgical-ly denuded or has been

exposed to the environme-nt of an experirnenbal periodontal

pocket. Similar resul-ts \^7ere f ound in naturally occurri-ng

through-and-through furcation defects in the aged beagLe

dog. (BOGLE et al. L9B1).

Attempts to evaluate the relative effect of flap

placement and the sLze of the furcation defect were made

by KLINGE et al-. (1981- ) . They f ound that adequate post-

operative flap coverage of the furcatíons í.s crucial for

successful- þealing of the frrrcation defects.

NYMAN, LINDHE &

the effect of

KARRING (1-981-) used adult monkeys to

study

acid

vJere

root demineral,i za-ti.on with c'.itric

Three dif f erent treat.nent groupson r:eattachment.

used.

1)
2)

3)

surgical removal of buccal bone + root planing;
surgica,l- flap operation + root planing on experimen-
tall-y irrduced periodontitis ;

same. a-s 2) + tcpical citric acid.

Ttrey found little difference in the char:acteristics of

healing ioll owing surgery regardless of the treatment

modali-Ly. Cementogenesis and collagen fibres attachment

vrere not observable f eatures. Consistentl-y, they also

observed gingival tissue reaLtached via long junctí.onal

epitheliurn in alI Lhree situations.
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7.2.2 Human studies

In human studies, contrasting resuits vrere reported.

STAI1L & FROUM (L977 ) f ailecl to demonstrate any cernento-

genesis or fibrous reattachment at si tes previously

exposed to periodontal disease. It is possible that
faílure to remove diseased cementum completely by i-nstrum-

entation is responsible for their findir-rg.

On the other hand, COLE et al_. (1980) using citric

acid reported Lhat healing í-n all specímens \,vas character-

ized by connective tissue regeneration, deposition of new

cementum, and more coronally, by ti g,trtl y apposed sof t
connective tissue. The junctional epithelirrrn ended t.2-
2.6mm cor:onal to the apical border of the notch in the

various specimens. There \^ras also eviclence of bone regen-

eration but no evidence of ankylsslr or i:oot resorpt:lon.

Subsequen-t study by STEINER et- al . (1-981 ) using conven-

tional (non-acid conditioning) replaced flap procedure,

failed to demonstrate any soft connective tissue adherirrg

to the tooth or evidence of ne\^7 cementum coronal to the

notch (a landmark of the bottom of Èhe periodontal

pocket). A thin junctional epithelium had proliferated to

the level of, or beyond the notch. In spite of all
reservatiorrs about possible dí-fferences between the

studies, the clear-cut discrepancy in results suggests

that citric ac:l-d conditioning of the root surf aces dicl

f acilitate ne\^7 attachment and that corresponding results
may not be possible without acid treatment.
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Other clinical human studies \^iere reported by LIU &

SOLT (1980) and SHILOAH (1980). Liu used citric acid

conditioning as an adjunct to surgical treatment of local-
Lzed gingival recession. Shiloah, ofl the other hand, used

topical citric acid during later:ally positionecl pedicle

graf ting. Both repor:teci more predictable succes sful
results,

Controlled clinr'-cal studies by COLE _et*?]. ( 1981)

shoi,secl that there hTas only a 2.lmm gain in pr:obing

attachment level f or pool ecl ac j-d treated surf aces : âs

compared to l-. 5mm f or the non-ecid treated control
suriaces . This i:esu'l t suggested that the use of ci tric
acirl appl ication rnight only provide a small improvement

in probing attachrnent levels.

7 .2.3 Other related studies

Oiher aspects of ef fects of citri c acid \delle also

investí-gated " FINE ( 1980 ) comparerd tiie ef f iciency of

clifferent- solutions to elute potential-ly L.oxic lraterials
f rom root surfaces. Ile f ouncl that trichl-oro-acetic and

citric acid removed more calcium and more toxic maEerial

from the root surface and subsurface than did either
water or phenol-water.

BOYKO (19E0 ) studied cell acltrerence to the root

surface. Using cuitured fibroblast-l-ike cells derived

f rom perioclontal ligament, he f ound signif icantly nìore

cells attachecl to demineraLLze-d roots than to non-

demineraLLzed roots. The method of demincraLLzattcn did
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not inf lrrence the result " The results suggested that orìe

of tlre ways in whickr citric acid clemrlnera'Ltzati,on of root

surfaces could contril:ute to the reported enhancement of

healing of periociontal defects \^7as by improving the

attractiveness of. the root surface as a substrate to

which cells car-ì aclhere.

TVEIT & SELVIG (1981-) studied Lhe in vivo remineral-

izati-on ' of root surfaces after citric acid treatment.

They found the citric acid hacl produced a completely

demineraLLzed surface zone in the root de-ntine and the

subjac.ent hard tissue showeci a zotre of parLially recluced

mineral content. FolLowing exposure to the oral cavi-ty,

the deminer al tzed surf ace La.yer appeared unchanged in

width. The subjacent zoîe, hovrever, had been reduced in

width in all instances when compared with control spec-

imens f rom t.he same teeth. They conclu-ded that tlre

clinical impl icat,rlon is that the completely demineraLLze,J,

surface I ayer of root surfac.es which remain exposed

f ollowing pe::iociontal surgery with citric acid appl ic-

ation, should be considered condemned. It must be pointed

out that during this study, demineraLtzatLon vzâs achieved

usir-rg 2 "6M cí-tric acid f or 10 minutes rrnder constant

agitation. Such procedur:es are unlilcely to be used

clinically.

1.3 Pulpal Reactions to Periodontal- Therapy

Current r-l.ental therapy is di,rec.Eed toward the main-

tenance of the viabilit;z of the dental pulp. All nevT

forms of dental therapy need to be evaluated for their
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or indirect effects on the pulp, before new methods

accepted for routine use.

When a tooth is exposed to periodontal disease f-o'r a

period of time, it often results in loss of attachment a¡c1

pocket formation. Conventional periodontal thera.py

consists of instrumentation of the periodontal pocket, and

more ímportantly, planing of the cliseased root surfaces to
achieve reattachment. It is necessary to consider what

effects cj-tric acid have be¡ze¡fl that of con'ventional perio-
dontal therapy.

1.3.l- 'Ef f ects of periodontal disease on pulpal tissue

It is gener:alJ-y agreed that pulpal disease could

initiate or perpetuate ( or both ) periodontal disease

(Czarnecki et __e1., I979; Seltzer, t97L). The presurnerl

routes of transmission of pathologí-c changes are:

L. apical canal
2. accessory canal,s
3. pei:meabilJ-ty of chamber f loor or root surfaces

( Sinai , L973)

However, there seems to be sorne dispute as to whetlrer

the reverse situation does exist (i.e., periodontal

condi ti on inclucing pulpa I pathology ) , and if so : to what

extent.

Lang and McConnel l-

calcification as a result
di sease .

(1920 ) attri-buted

of tooth exposure to

intrapulpal

periodontai

Craney (L925) made some attempts

degrees of periodontal destruction in
to grade the various

the specimens of his
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study. FIe postuJ-atec1 a cause-ef f ect reLationship between

periodonLal disease and puLpal patholog¡' although he

observed some normal pulps as well.

Brammer (f927 ) reportecl atrophic changes in pulps of

teeth with periodontal disease. Cal'rn (1927 ) observed

accessory canals communicating between the periodontal

ligament and the pulp, and hence concluded dj-sease in one

region will lead to disease of the oiher.

Seltzer e9_è!. (1963) proposed the concept of

grade pulpitisrr. They observecl that periodontal

prodrrce a degenerative effect on the rlenLal pulps

involved teeth. They blamed interference with the

ional supply of the pulp as the cause of such

(e.g. atr:ophy, cell death, calcification etc. );

bacteria and their t-oxic products are thought

responsible f.csr pulpal infl-ammation and necrosis.

Rubeck and Mitchell ( 1965) claimed that

and or pui.pal necrosis can and d<¡ occlrr as a

periodontal inflammation involving an accessory

canal . " They also concurred wich Simrí-ng ancl

(1964) theory of 'rretrograde Periodontitistf .

rrretro-

lesions

of the

nutrit-

change

whereas

to be

!rpulpitis

result of

or apical

Gol.berg' s

Bend.er and S el tzer (L97 2)

pulpodontic-periodontic syndrome.

pulpal perioclc¡ntal relationship to

accessory canals.

introduced the term

They attribut-e-d thi s

the l-righ incidence of

Sinai

lesions in

and Soltanoff (L973) induced periodontaL

75 white rats and studied the pulpal effects
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of periodontaL diseases in thesc animals. They claimed

that a relationship exists between diseases of these two

tissues ever-r t-hough this only happened in 8 out of /+4

specimens . liowever, they poirrted out the pulpal response

\^/as never inf lalnmatory, but rather r:eparative, resultÍ-ng

in deposition of secondary dent- j-ne, or resorptive,
follor^¡ed by a reparative response. Their experimental

model drerv some criticisms. The periodcntal lesions irr

rats were inducecl wiLhin a period of 8 weeks. It is
cioubtful if data from the experiment can be extrapol_ated

to human conditions.

Langeland et _-gf_" ( 1971¡) f ound bacteria pr:esent in
the pulp as well as on root surface of periodontally
involved teeth. They concluCed: "The cumulative effect of

periodontal disease e as indicated by the fac.tors of

calcificationsr àpposition of calcified tissue: rêso!r--

ption r or injll¿rmmation f rom rcot caries or f ror,r invol-ved

lateral canals, urill be darnaged pulp tissue, but total.

disintegratj"on l'-s a certainty onLy v¿hen all main apical
f oramina are invol-ved by bacterial ¡-:la que . tr Since their
samples were col,lected by conve-ntional extrecLi on tech-

nique, it i s doubtf ul if their observations arrd

conclusions were valid.

However, opposing views lvere held by other worke::s.

Fish and MacI-ean ( 1936 ) had conclusively shown that
bacteria inside the dental putp of per-iodontally involved

teeth i s not a regular f eature. Prevj-ot-ls -ctudies by

llenrici (L921-) , Collins (i91-9 ) and Colyer (L924 ) where
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micro-orgar-ii sms \.{ere reported to be inside the denEal-

oulps, were probably due to the pumping actj-on of

luxation and extraction, and therefore unrelated to

pulpal infection"

Sauerv¡ein ( 1956 ) s¡sdj ed L04 teeth and reported no

regressir¡e change in 15% of the teeth, and changes in the

remaining teeth \^7ere withín normal limits"

Mazar and Mas s ler (L96/+ ) in a two-part s tucly

involving 106 teeth plus 22 in paired contr:ols, failed tcr

establish any direct relati onship between pulpal changes

and periodontal disease status. This \,vas in agreeme.nt

with Sauerweinr s resr-ir1-ts . l\azar ancl Ma-ssler f ound the

pulps of the sarne patient showed similar appearance

regardless of the amount of periodontal involvement. They

also disputed age, psl_s_e r ås the causative f acLor in

pulpal changes observecl.

Hattler et al. (1977) using rice rats as an experim-

ental model, found no detectable change j.n the pulpal

ti s sue of periodontal l y invol.ved teeth: âs compared to

the pulps of r-rormal. teeth. Perhaps the scarcity of

acces sory canal s in r j-ce rats did inf luence the outcorre

of. their study.

Czarnecki and Schilder ( L979) studi-ed 46 human teeth

with carefully cloc.urnerrted conc-urrent periodontal involve-

ment. Contr:olled l-eeth were obtained f rom the same

patÍents where possibLe. Again, they failed to identify

perioclontal clisease as a causative agent in pulpal.

pathosis.
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It is not surprising to find such conflicting

results in the literature since the paramef-ers of studlr

\^rere never def inecl or standardi zed. For example, the

effect of restorative dental procedrrres, presenc-e or

absence of accessory canals, age and other systemic

inf luences were never elimi-nated in these studies. The

earlier investigations lacked controlled samples and

theref ore \{ere unscientif í-c in their appi:oach " More

recent studies using aní.mal models again failed to duplic-

ate or simulate human condj-tion. Finally, difficulties in

tissue fixaticn arrd processing and subsequent erroÍ irr

interpreting arti.f acts, all contribute tc.r very doubtful

results.

Flence, the qr-lestion of pulpal

dontal ciisease remains unresolved.'It

that:

reaction to

is generally

perio-

agreed

1,

2

pulpal patho -< i s can caus e and f or maintain perio-
donta.l- j nf lammation,
t-he presence of accessory and apical canals prcvide
commtrnic¿rtion channels whereby disease from one
tissue can be transnitted to the other"

However, j.t is al so the knov,rn f act that irr the ma jority

of cases, per:iodontal disease involves only the cervical

third or even half of Lhe root surfaces. In this region,

accessory canal is not a common feature. If disease is to

be transmitted from one tissue to the other as pos-

tulated, the question of transmí ssibili ty of disease

across dentinal barri-er neecls to be investigated.
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The permeability of dental hard tissues \^/as süudied

by Bevelander and Arnler (L9¿r5) using i-adioacEive isoto'Je

P3Z. A1l morphological varieties of dentíne were found to

be permeable to PZZ and absorb it i,-r a measur:able quan-

tí ty. 0ther radioacLive isotopes were used b)' Bartelst-,one

(1954 ) to study the permeabí 1í-ty of enamel , cJentine and

cenientum. More recently, Pa.shl ey eL._-al_. (1981) conipared

permeation of 131I through .log's clentine in botkr in vj-Lro

and in vivo conditions, and f ouncl the rate of perrneation

to be very similar.

BERGENI-IOLTZ & LII{DHE (197 5) appliecl solubLe f acbor:s

f rom human plaque to car¡ities nreparecl in monkeyrs teetlr

for 8 continuous hours ( every 5 minutes ) . They founcl

inflammatory response in the pulpal tissue chara cterLzed

by vascular exr:dation and infil tratiorr oi neutrophils and

monocytes. In the same experiment-a1 mcdel r BERGENI-IOI,TZ

(I977 ) usecl cultured f iitrates ¿n:ld disintegrated cel-1s of
plaque bacteria (hunia-n) and appiied them to che dentinal
cavities. Again, inflammator:y repcnse h/as induced in rlhe

dental pulps. Hence, i.t \¡/as esi-ablished that f actors of

pet'i-odonbal disease (.. g. , plaque, bacterial products

etc. ) can induce pulpa-l inf lamr¡atiorr across dentinal
barrier. FurtheriTìore, BERGENHOI-TZ g.t g_f-. (1-977) also

denonstratecl thau when chall enged r.^rj-th Bovine Serum

Al-bumin (BSA ) by placing it on f resh.Ly exposed clentine ,

immunized monkeys wi1.l develop sevet-e pulpal inflam--

mati.on. This suggests antigeníc materi.als can be trans-
mitte.d acros s cientinal tubules and set up an antlgerr--

antibody reaction with the formation of immune-complexes.
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Despite the above f inclings, BERGENHOT-TZ & LINDHE

(I978) reported (in rnonkeys) that per:i.odontal destruction

and plaque accumulation on exposed root dentine did not

cause severe alteration in the pulp of roots involvecl.

From the present evidence., it seems some pulpal

response is elicited by exposure of root surface to

periodontal clisease, althor.rgh the exterrt of such reaction

as related to severity and dur-ation of periodontal

clisease, i s still not clear. Furtheìrmoïe, whether such

pulpal reactions and changes are reversible or irrever-

sible remai-n to be c.letermined.

1. .3 .2 The effects of periodontal
therapy on puLpaI tissues

Routine scaling and root planí-ng of period.ontal.ly

diseased teeth is believed to cause some pulpal reaction.

During tirese procedures cementurn and clentine may be

removed " It is cLaimed the effects are si-milar to cavity

preparation procedures in restora bive dentistry.
(Sel:uzer, I97L) .

St¿rhl (1-963) studied the pulpal response to gingival

injury by surgically stripping gingivae from molars of 69

rats. The presence of irregular dentine l^/as used as a

criterion of pulpal response. He found 2! out of 69

showed irregular clentine in threir pulps, some of them as

early as 5 days following gingival injury. He postulated

that irregular dentine forrnation at these pulpal sites

v;as associaEed with irritation of odontoblastic processes

which occurred after gingival ruounding.
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Brazcl.a & Jiricka (1978 ) repeated ancl extended Stahlts
experiment, usí-ng 73 nolars f rom 49 [r]istar-De jvice r:ats .

In one group of rats, gingival tTìucosa mesj_al to left first
uPper molar irrä s removecl. Ttre animal-s were then sacrif iced

at di-f f-erent time inter:r¡als. rn another group of rats, the

surgicai trauma t^/as repeated 4 and 6 days af ter i_nitial
surger)¡ " 'Ihe animals rvere then sacrif iced at dif f erent.

Lime l'-ntervals. They found f-hat:

L. Pathological changes in the periodcntium provoke a

r-esponse in the denca.l p-ru1p 
"

2

J

The intensi t-ir of the
degree and frequency
dontium.

pulpal ::eacl-ion cleperrds

of traunat:'-zation of the
on the
peri o-

PrrlpaJ- response r?a:nges from acute infl-ammat-ion to
irr:egular denf- j-ne f ormaL í on. They wrote : rrl,'le f_ound

tlrat the puln responclecl to a si-ngle trarrmati zation
of the gingi voderrta-[ at"tachment by h¡'peraemia , wl-rich
\^7as joined r:e.lativel y soon by oedema of the pulpa.[
fibrilLar c.:rrnective tissue and by moderate infil--
tratiorr. An in.crease r'-lr the intensity and Trequency
of Lraumat-LzaLton túas acccmpanied by an increase irr
the extent of these changes in the pulp, together
with haemorrhaSle fi:oln the hyper:aemic blood vessels
and nec.rotic changes in the oclontoblast layer. In
the zorre where the onrJotoblasts \,üere clestroyed,
strips of tissue characte.rLzed by pronounced fuch-
sinophilia, a PAS.-posit j-ve reaction and PTAFI

staining r,'Jet:e very soon f ormed. Ir/e later observerJ in
these places the forrnation of. nehT odontoblasts,
mu1-tipl icati on and concentrati on of the collagen
fibres, fo1.l-owe-d by hyaLl'-nization and osteoicl trans-
formation.., anci 1.ast1.y the formation of Í-rregularlv
organtzed r:eparative dentine- . r|
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It is evident that periodontal injury and root prep-

aration pr:oceclures can induce var:ious pulpal reactions,

although it is not possible to quantify suc.h reactions in
relation to the rtinsul trr received by the tooth. Also, it

is not known if these reactions are reversible. Selt-zer

(1,97I) speculated th¿rt in deep perioclonLal instrurnen-

tation, blood vessels Î-hrough accessory canals and in the

furc.atiorr regions of molars coul d be severed, causing

inf a-r.ction to portiorrs of l-he pulpal tissue, and possibly

to eventual partial or total- pu1 pal necrosis.

1.3.3 ffect of root r€l ¿lration witir to i ca.l
c tr On Pr: pa SSLlEcac .|_

L

Regíster revj-ved the inter,est of usj-ng acid to perio-

clontally diseased root surfaces with the aim to achieve

bette:: reattachment . In hi s earlv repor Es (1,9-Ì 3 ) tre

cl airned L here was 1-ro d etecta bl e change s noted j-n the

pulps of Che animal teeth he i--rcated with 0. 6N hydro-

chl.oric acid f or 1-5 minutes.

Subsecluent studies (L97 5) using citric acid L1p Lo

0.5 pll for 5 minutes, a-lso revealed lack of marked pulpal

response ( i. e. , appearance of secondary dentine by 6

weeks ) . Iloweve::, there \^/as no control.l.ed experinrentation

to specif icaliy exainr-ne the pulpal response as a resul t,

of root surface ccnditioning v¡ith citric acid.

Ririe g!_jl. ( 1980 ) reported only 2 minor pulpaL

changes in theii: ser:ies of dog experimentation, and

sugge sted a:ny pulp e1- f ect wil- I only be of minor con-

seqt-lence. Hor.rrever: r si-nce no controlled study ha<l been

carr j-ed out, the question remairrs Lrl-ìarìs\,üer:e-c1.
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Other histological study had been carried out on

pulpal reaction when citric acid vùas used as a cavity
cleanser fc¡llowing cavity preparation in Restorative

Dentjstry. Lee et jLl. (197L, 7973) examinecl the putpal

response after using a 50% aqueous solution of citric

acid pH 1. 5'k on f reshly cut dentine. Time periocls exam-

ined were 2 14 16 and 8 weeks. Ttrey found no gross or

irreversible- pulpa1- irritation to the citric acid

solution.

Thís vras later confirmed by Cotton and Siegel (1978)

using humaq volunteers. They found that citri-c acid

cavity cleanser initía1ly caused a significantly hí-gher

incidence and intensity of deep inflarnmatory response,

which decreased with time. However, lhey did not notice

any irrer¡e::s ible pul- pal reaction af ter aPpl icati on of

citric acid cavity cleanser.

Other studies on acid etchants by Gotto and Jordan

(1.973), B.eLief g!_g!. (1974), Stanley éìt jl.. (1975) and

Eriksen & Leidal (1,979), using mainly 50% phosphorÍ-c acid

or cí-tric a.r:id, general.ly agreed that pul¡-ral responses of

various degrees vùere elicited, although the severity and

reversibility had not been established. lvlost of these

studies also looked at other variables such as micro-

leakage, irritation due to composite f illí.ng rnatetials

and nechanical traurna f rom cavity pre¡rarat-ion. It i s

'kEpoxyl itecontains 45
0. B-1 .

9060 Cavity Cleanser (Lee Pharmaceuticals )

.6 wt% anhydrous citric acjcl C6Hg07 at pH
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important to noLe that 50% aqueous solution of citric
acid is a much mor:e concentrated solution than the 20%

citric acid at pH 1' used in periodontal therapy. caution

should be exercised for any direct comparison.

Other usage of citric acid solution Ì,vas proposed by

Loer (1-97 5 ) in endoclonti-cs . Epoxylite 9060 riüas suggested

as a root canal- debriding agent. rt ,h7as also found that
direct pulpal exposure to citric acid cleanser for 45

minutes achieved very good tissue destruction of the

pulp. Once again such mode of application is unlikely to
be encountered in periodontal t-herapy.
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I'IATERIALS AND METHODS

2.r Itlaterial s

Five young beagle dogs, one male and four females,

\rere used in thí-s series of experimerrts. The average age

and weight of the dogs vras 1B months and 1,L kilograms

respectively. These bea-gle dogs came from the IMVS field

st-ation, where a colony of beagles are continuously breo

for experimental purposes. Beagles are docj-1e and har¡e

excellent handlÍ.ng characteristics for Iaboratcr:y condit--

ions. They áre also cf con.stant weight and were free of.

disease.

The perÍ-oclontal surgery used in this serj-es of exper--

j-ments rvas c.onservative and produced no stress to the

recovered dog if Ehe usual test of appetite r,ras applied "

Al1 in all , they make excel l-ent experimental- animals f or

periodontal research.

TLre dogs exhibited a moderate amount of cal.culus,

especially on the buccal aspects of premola::s and mola-rs

of both jaws. Mitcl gingivitis \^ras present ad.jacent to the

calculus deposÍ-ts but no periodontal pockets exceeding

3mm were detected on probing.

Cítric Acid, C(OH)(COOH)(CH2' COOH)2. Il2 O (analytical

grade, manufactured by B.D.H. Chemicals Aust. Pty. Ltd.)

was used to prepare 207" aqueous solution at room tempe:':-

32
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ature. The solution r{as

acid to pH 1. A fresh

session. SLerile normal

sites.

then buffered with hydrochloric

solution \^7as prepared f or each

saline was used in the control

2.2 Methods

2.2.7 Outline of methods and ex erimental cles n

Surgical procedures (2.2 .2) lsere perf or:med on all
the dogs. Opposing jaws were treated similarly to act as

controls . At various time intervals, the dogs \4/ere sacrif -
iced, specimens were retrieved by block dissection.

2.2.L.1 : Schedule

Experimental Period
8 weeks
4 weeks
2 weeks
1 week

1 day

Dog No

T

2

3

4

5
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2.2.1.2 : Site allocation

Mandibular third and fourth premol ars were treated

with citric acid, tire maxillary second and ttrird pre-

mola.rs \^7ere used as controls and Lreated with saline.

C.A. treated

@
@o

r(Ð
'(D
@

(Ð

@
@
o
(Ðr
@'
@o

@oooooo@

Fie . 2.'L Teeth used in this experimental study.
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2 . 2 .2 Induct i on Procedui:e

2.2.2.L : Anaesthetics and Prepar:ation B

Pr:emedi cat ion

Each animal 'r^7âs premedicated with Innovar-Vet ZnL

subcutaneorrsly t hour prior to operatl'-on.

General Anaesthesi a.

General anaesthesia \,vas achieved lvith ZmL of intra-

venous Nembutal.

Haemostatis

The sulcus reLated to the premolar teeth rvas infil-
tr:ated r.vith lignocaine 2% (Adrenalin 1:80r000).

AnLibiotic Cover

Streptopen 4ml I . M. \.,ras given routinely.

Swabbing

The oral cavity and L¿tce cf the

swabbed with sterí le aquecus solution
hexidine 0.05% anci Cetramide 0.5%).

dog \^,7ere routinely
(contairri ng chlor-

2.2.2.2 : Surgical Procedure

Incision and Flap Design

The í.ncision rvas made along the gingirral sul-ci exten--

ding from the distal of the canine io thc mesial of. t.he

first mo1ar. No relief incision v/as used and onl y a

buccal f lap \^ras involved.



2 .2 .2 .3 : Bone removal

Buccal- bone was removed cver both ;:oots ancl the

cementar surface r.das ,rot"h..i at the most apical extent of
the exposecl surface, approximately 7 mn from the ori gir-rai

crestal height.

2 .2.2 .4 : Root pJ aning

only the me s ial root \^7as r.'oot planed thoroughly
( i . e. only on the buccal aspect ) . The mesial root rvas

thor:oughly pl-aned cervical- to the notch, the distal root
was not touched.

36

surface s

The area

2.2.2,5 : Citric acicl application

After mechanical preparation of the root
topical citric acid v/as applied f.or 2 minutes.

I,\7as then thor:oughly irrigated wj-th sal_ine.

?- .2 .2 . 6 : Suturi ng

Af ter re-adapti.rrg the surgical f lap, cat-gut sutures

\¡/ere used Lo close the wound.

2.2.2.7 : Control sites

The procedures

site using saline

were then

in place of

r:epeated on the control
citric acid.
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M

Notch

Planed

Unplaned

Diagranunat-ic representatíon of a Beaglers rì-ìan.-
dibui ar premolar showing exposed root surface
ancJ ínclj-c-atir-rg posit j on of noEch.

D

+++
+++
+++ Root

Root

++++

+
+

++
++
++
++

++
++
++

+
+
+

Fig. 2.2
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2 .2.3

2.2.3 .t

At the

iced using a

2.2.3.2

Retrieval operation

: Prr¡fusion

appÍopriate time period, the dogs \^7ere sacrif-

profusing technique (Appendix I).

: Bi opsy procedure

Specimens r{ere obtained by block dissection (Appen-

dix II).

2.2"4 Histological preparation

Routine Ìri-sLological

ing and pl-oce s s ing f-he

(Appendir III ) .

Haematoxylin and

rvhile Polychr:ornes and

differentiate between

strate collagen fibres

teclrniques vüere used

specinens for light

eosin v¡ere used as routine

Ln p rePar:-

rnicroscopy

Bucco-lir-rgual serial sections \,{ere cut at 6 (Appen-

dix IV).

Van Gie-sonr s stains

old and nevr collagen,

(Appendix V) .

!üere

and

sta ins ,

trsed to

to demon-

2.2.5 Mir:roscopí-c evaluation

Initial J-y, one representative block f r:om each time

period, was ser:ially sectioned and stained with H&E

(Appendix IV & V ) . It hTas f ound that the hi.stol-ogical

picture hTas consistent within each specimen from the

mesial to the distal . The micl-root sections \,vere examined

for both perÍ-odontal and pulpal results.
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buccal vier,v of
re iil'e s ent s ttle

\,Jete tahen anci

I ol

MD

a a

!ta. ?.? Diagrammatic repr:esentatj_on of
dog's premolar. The shaded a.L*eû
region rvher:e s er j-a 1 s ect j-ons
eva]-uatecl.

The criterj,a for evaluat-ing pulpal response were

based on Lhe F.D.r. recommendation (1978). rn ttre classif-
ication of derltal ntaterials for biotogical evaluatiorr
according to r'. Ll. l. . recomme-oda tions , topical cí-tric ac-.icl

Llsage is classif ied under 'rype rv clas s 2a ( per j_odontal

rnaterials, etchanls; ) . Tire suggested tests incl.ude:

Acute Systemic Toxicity Test; oral route
Amer s Te-s t (mutagenicity test )

Stylest Test (cell tr:ansformation tesE)
Dominant- lethal Test
Cytotoxici ty Test
Sens i ti zati on

but excludes any puloaL evaluat-ion. since citric acid .ls

a normal bocly metabolit-e, some of the above tests may be

redundant 
"

7

2

3

4

5

6
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similarity exists between the topical application of
20% citric acid on root planed surfaces and that of acid
etching freshly cut dentinal strrfaces after cavity prepar-
ation. rt is necessary to determine whether topical
application of citrj-c acid to root surfaces will evoke a

pulpal reaction.

The cr:iteria used far pulpal evaluation in this
study aTe i

1,. Inf lammation bcL s ed
round

on
cel i-

the degree or
infiltration

density of

0

L

2

3

Degenerative changes

3. Calcification

The criteria for
reattachment are:

1. Inflammation

based on changes in odontoblasts
í-ncluding loss of cell-ular: detai l.s
and vacuol-es formation

based on demonstratable calcified
niateria.l s j_n the pulpal tissues
e.9., secondary dentin.e, pulp stones
and dentinal bridges.

assessing gingival healing and

None

Mi lcl
Moderate
Severe

2_

based or1
r:ound cell-
0 None

1. Mild

the degree or
inf il. Iration

density of

2 Moclerate
3 Severe

2, Granulation tissue formation

3. changes on root surface, including the presence of
resor:ption bays
secondary cementum
Sharpeyrs f i.bres



4 Connective tissue healing
íty , organi zati-on and
bundles

41

incl uding colla6Sen natr_lr-.
orientation of coli_agen

5

6

Epithelial healing signs of cuticle formation and
epithelial reattachment

Type of gingival reattachment
a) long junctional- epithelium
b) connective tissue + normal junctional epithelium
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RESUI,TS

Of the 40 ieeth used in this exper:iment 15 experim-

ental and 15 controls hTere clouble embedded in celloidin
and paraf fin wax (Appendix III). Ttre remaining (5 experirn-

ental and 5 control ) teeth were embedded in Araldite. The

paraffin sections l{ere cut at 6 microns using a rotary
microtome. The Araldite sections \47ere cut at the same

thickness using a Jungrs Sledge Microtome. Tlrj s method of

cutting unsatisf actory. Consequentl-y, I0 teeth \,vere

excludecl from the stuciy. Irnperfection in pulp tissue

fixatíon and accidents during cutting resulted in a

frrrther 6 haLf.-teeth being excluded f rom hi s tological
evaluation ( i. e. , 3 were excluded from pulpal evaluation

and 3 were. excluded Lrom reattachment evaluation).

The normal histology of the gingival attachment in
the young Beagle is demonstraLed in Figs 3.1 and 3.2.

These photomicrographs hTere taken from an unoperated site.

Photomicrographs of dental pulps of urroperated teeth
are shou'n in l-igs 3 . 3 and 3 .4 . 'Ihey showed a normal and

intact odontoblast j-c layer, relatively accellular zorLe

and f ibrous central. core, rich j-n blood supply.

42
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D

N

C

Symbols used i-n photomicrographs

Dentine

Notch

Cementum

NC

F

New Cementum

Cemental Fragment

Alveolar CrestA.C

New Bone

Epithel ium

J Junctional Epithelium

R. B. Resorption Bay

c. c. Clastic Cells

B

E

E

P.L Periodontal Ligament

I.I&E Haematoxylin & Eosin Stains

P.P.C Picro ol chrome Stain

G Van Gieson Stain

V Blood Vessels

od Odontoblast

G Gingiva

Pulp

Col Co1 lagen

Y. Co.l- Young Collagen

U

B

P

Cal Calculus
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Fig. J.1: Gingival attachment of unoperated premolar. II&E x 7J.

I

Fig" 3.2: Gingival a.tta-clinent of unoperated premolar. P.P.C. x 100.
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!-ig. 3.3 : Pulp of unoperateil tr:oth . FIC"E x 62 . 5.

I'ig. 3.4: High power photonì.crograph of area indicated in Fig. ,3.3
ll&E x 200.
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PART A: REATTACHMENT

ONE DAY

There lras a general hiscopatholog:Lcal similarity
among the various specimens of this time period. Citric
acid treatment and root planing 'did not influence the

outcome. A1l specimens showed a . lack of soft tissue

attachment to the tooth surface. Typically, the soft

tissue had a well <lemarcated wotrnd edge within which

there \,ùere f eatures of acute inf l-a.mmation ( Figs . 3 . 5 -
3.8).
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Fig.3.5:1 Da5' speclmen, root planecl and s¿lline--treaied. H&B x 50.
Arroivs indicate demarcation of i.nîlauin¡at.-lon at wound eclge.

\
a

Fig. 3.62 1I)a¡. speclnren, unplaned an,.1 salirre-treatecl , P.P.C. x 50
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Fig. 3 .7 : 1 Day specinten, root' planed and cj tric. ¿icid -treated . H&IJ x
5o'

t, t-r I

q

N

I

Fig. 3" 8: 1 Day -speciìilen-, unplanerÌ and cjtrj-c a.cid-treatecl. ll&11 -r 50
Al'rorvs inclica'ûe demarcatiolr of Lnf,Lal¡rnraticn a.t lvouncl edgr:"
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ONE I^IEEK

Sal ine

AL one rveek, the group shovred a noticeable decrease

in inflammatory cell jnl=ilEration cornpared with the one

day specimens . The un¡:laned root surf aces demons tratecj
advanced reattachment of gingival tissue (Fig. 3.9). rn
the region subjacent to the junctional epithe-'l_ium, wher:e

cementum \,ras lef t irrtact, reatIacl-rment \,vas at a_n aclva¡ceci

stage . Horuevei:, more apicerl to thi s region ad jacent to the
notcl-r where cenrerrLum . had been lost, separaiion of sof L

t i s sue away, f rom the root surf a ce s ha-<1 .¡ccurrecl , Thi s

pattern \^7as simí lar tc the sites t-trat v/ere root planecl.

on the root planed surfaces, there was some separ-.

ation of soft tissue from the roct surfaces dtrring tissue
Frocessing. Epithelial cells also migraterd some distance
along the root surfaces., rt v/as ccïlsiderecl that the pot.en"-

tial for long junctional epitherium existecl (Fig. 3"1.0).

Citric a cicl

The specimens showeci a marked reducLion of inf lam--

matory celi infiitrati.on, when compared with the one clay

specimens. This is similar to the one week saline controls.

There rras cl ose aclaptation of sof t tissue to the
unplaned roc.:t surf aces. some separatÍ-on of soft tissue
frc,m root surfaces ocr:urrecl neaï: the gingival mar:girr,

possi.bLy clue Lo the processing, bilt there was no sign of
ap-;-cal migration of epithelial cel.ls (Figs " 3 "1! , 3 ,L2) . ?,



Fig. 3. 9: 1 week specimen, nnplaned and treated irrj-th
50. Separation of soft tissue from dentinaÌ
er.ident near and at the notch.

50

saline. H&E x
surface became
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Fig. J. 10: 1 weei< speci.men., root planed and saline-treated. FI&E x 50 "

The se¡raration of gingj,val tissue from the root strrface j-s

apparernt. Although tl're junc-lional epithelium attachecL veil¡
nel-1., the break i-n the epithelial layer is an artif act.
The clemarcation between inflamed wound edge and norrnaÌ
gi.ngiva is indicated by arrows.
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Fig. 3.11a 1 week specimen unplaned but citric acid-treatccl" HC"E x
190 "
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TI,JO WF]EKS

Saline

At two weeks, the group treated with saline a'l one

showed varying degrees of inf lammation. Overall , it \,ras

rated marginally more severe than the exper:imental. group,

but the difference was not significant " All the root
surfaces in this group showed resorption bays associated

wit,h clastic cell activity. There v/as also evidence of
bony regeneration wÍth the alveolar crest extending

beyond the apical bor<ler of the notch.

Of the'unplaned ¡:oot surfaces in this gr:oup, tr,vo out

of three showed connective tissue reattachment, whereas

the remaining specirnen had long juncti onal epithel ium

exlending to the coronal border of the noLch. On the root

planed surf aces - two out of f-hree had long junctional

epithelium, witkr the third. specinen showing corrnectj-ve

tissue reattachment, (Figs. 3.i3, 3.14).

CitrÍ c ací d

In the citric acid treate-d group, there was a

general reduction irr inflamniatory cell infiltration. The

cell- types \.{eïe prerJomÍ-nantly lymphocytes and plasr.ra

cells, together r¿ith some young fibroblasts. Occasional

giant cells arrd macrophages vJere present, especially

around spicules of bone-like sul¡stance. Ihere vras a

general or:gani zati-on of the intercellular fibrous net-

work. Collagen fibres rüere forming into bundles, although

they \.vere not oroperly orienta-ted. Two of Lhe three teeth
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in this group showed evidence of clastic cells in resor-
ption bays. The remaining tooth sho,;ved f.aLrLy aclvanced

connective tissue reattachment wiihout any eviclence of

root resorption.

All citric acicl-treated root surfaces. both root
planed and unplaned, had a connective tissue reattach-

ment. The junctional- epitheliurn appeared similar to that

of a norrnal unoperate.d s j-te, there \47as no ev:'-dence of

epithelial dolngrowth. Bony regeneration \^ras also noted

at the alveolar cresL, extended beyond the apical border

of the notch in sone instances ( Figs. 3,15, 3.1 6 ) "
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Fig. 3.13: 2 tr'eek specimen, saline-treated and unpìaned. P.P.C. x 72"
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t*t

Ì-1g. ,).t42 2 neek specinren, sali ne*treateC. anC rcot planed . P . P . C
staiir x BO.
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Fig. 3.I5:2 week specimen, unplaned and citric acid-treatecl. HC¿E x
80. Multiple resorption ba-ys as ma-rkecl R.B.
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Fig 16 2 iveek specimen, root planed and citric acid-treated. HttE
x 100.

J
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FOUR I^IEEKS

Saline

In the control group, the healing of gingival tissue

had reached an advanced stage lvith resolution of the

inflammatory cells and orientation of the collagen

tissue. Using the picropolychrorne stains , it l,ras possible

to differentiate between mature and young collagen (Fig.

3.!7 ) .

Resorption bays on rc¡oi surfaces \,vere a consisEent

f inding, but not all of these ar:eas showed 1lew ceurentum

f ormaLion. On the r-oot pLanecl surf ace of one specimen,

ner^7 cementunr formation \,fas associated witir ankyl.osis

(Fig. 3.18).

On tiie unplaned root surfaces, one out. of three

showed dowrrgrowt--h of epithel-ium, whereas in the root

planed surfaces_. ttvo out of- three showed this phenomenon

(Figs . 3.L9 , 3.20) .

Citric aci-d

Atl the root surfaces examined showed resorpLion

bays with ne\^7 cementum lining these areas ( Fig. 3 . 24) .

There was also ne\.v cementum formations of various thick-
ness on all r:oot planed surfaces" The gingÍval attachment

\^7as primaril-y f j-brous in nature. There was a close

adaption of collagen fibres agai-nst the root surfaces,

running in a direct-.íon parallel to the root surface.
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The unplaned root surfaces generally showed a more

advanced f ibr:ous organiza.tion. There vüere areas where

Sharpeyrs fibres were present, stainecl red with picropoly-

chrome stains, sugge-sLing that they \^7ere old fibres from

the unplaned cementum. These hTere seen to be intimately

associated with younger collagen fibres which stained

blue (Fig. 3.21,).

In both the experimental arrd control groups, bony

regeneration !üas seen j-n all specí.mens extended beyond

the notch " l{owever , no notable c1í f f erence in the extent

of bony reggneration was detected betrveen the two groups.
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l'ig. 3.17 : 4 week spec.imen, citric acicl-treateC and root pl aneit.
P " P 

" C. x 720 . Demonstrates dif f erentiation be L,tr'een ma.tr-tre
and you,ng co1-1agen. l'lature collagen stains red, a.nd young
coIJ agen stairrs b1ue.
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Fig, 3.f8:4 week specimen, showing ankylosis" Root planed and saline-
treated. P.P.C. x 200. There \{as some residual oementum not
removed by root plani-ng. Ankylosj-s oc<:urred at this site.

RB
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Fig. 3.19: 4 weel< specì-men, unplaned and safine-treated only. H&E x
55.

t
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Fig. 3.20:4 r+eek specimen, root planed anrl saline on1y. H&E x 40.
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Fig. 3.21:4 rveelc unplaned specj-rnen. P"P
fibres interdigitate rvith
(i;harpey's).

L¿'+\..

-¡

,),
r¡

t
\

ft1L.



61

tt

Fig. 3.222 4 week specimen unpl-a-ned but citric ac j-d--treated . P. P. C. x
100 .
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Fig. 3.23:4 week specimen, root planed and citric acid-treated. I{&E
x 100.
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I'ig, 3.242 4 v¡eek specimen, unplaned and ti'eated rr¡ith citric acid.
H&E x 575. Clastic celfs sj-tuated i.n resorption bays.
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EIGHT WEEKS

Saline

Gingirral repa:Lr had reached an advanced stage, there-

was no sign of inf lammati on at tire old wound siLe.

Collagen fibres showed a hÍ gh clegree of organi zaxion, but

a difference \ras demonstraEecl between the fibres of the

healed tissue ancl those of the unoperated site.

In the control group, trdo specimens showed mild to

moderate inflammatj-on of the gingivae. This gingivitis is
rel ated to ,an" accumulal-ion of plaque and cal culus ( Fig 

"

3,26) . Numeror-rs resorpt'ion bays vJere present ai-ong root

surf aces but nehT cementum Jlornation \ras inconsistent. On

the unpj-aned root surfaces, one specimen had connect-j-ve

tisue reattachrnent, v,rhile tv¡o had a long junctir:nal

epitheliun. On the root planed controls, all specimerrs

showed long "junctÍ-onal epithe-lium"

Citric ar:i c\

Sof t t.i ssue r:epair \,ùas similar to that of the

control gl:oLlp, root resor:ption had occurred on both root

planed and unpl-aned. surf aces. l4ost of the resorption bays

had nevr cementum depositions and aLL specimens in this
group had connective tissue reattachment. Bony regener-.

ation \,vas comnìon among the specimens of this time periocl,

passing cervical to the notch in some instances. One case

of ankylosis r,vas noted in ti-re citric acid-treated root

surface (Fig. 3.29).
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Fie. 3.'252 8 week specimen, unplaned and sal-i.ne-treated). tt¿O x 50.



72

Fig. 3.26:8 week specimen, root planed and saline-treated only" H&E
x 50.

I



Fig. 3.272 8 week specimen, unplaned and citric acid-treated. H&E x
60. New cementum deposition indicated by arrows.
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Fig" 3.28t 8 t'"eek specinen, root planed and ciLric acid-treated. FI&E

x 100,
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o

Fig. 3.292 8 u'eek specimen, citric acid-treated and unplaned, showing
anhylosis at one slte. tl&E x 150.
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TYPES OF GINGIVAL REAT'IACHMENT

Unplaned
(Distal P.oots )

TI}{E
PERIOD

TOOTH
NO.

TOO'IFI
NO. CONTROL

CITRIC ACID
TREATED

C.T.
L.J.E
L.J.E

C.T
C.T
C.T

3
4

31_

L
2

32
I I,rIeeks

C. T.
C. T.
L.J.EC. T.

5
6

34

7
8

33

c.T
4 Weeks

c. T.
C.T.
L. J. E.c. T.

L1,
t2
35

9
10
36

c.T
2 Weeks

c.T
C.T
C.T
C.T

L5
I6
37

13
L4
38

1 l,rleek

1- Day
t7
1B
40

79
20
39

I..J. E
C.T

I-ong Junctional Epitheliurn
Connective Iissue- Type
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TYPES OF GINGIVAI- REAT'IACFIMENT

Root Planed
(Mesial RooLs )

TIME
PERIOD

TOOTH
N0.

TOOTFI
NO. CONTROL

CITRIC ACID
TREATED

L"J.E
L.J.E
L"J.E

c.T
C.T
C.T

J
4

3t

1,

2
32

8 l,rleeks

C.T.
I,. J. E
L.J.E

r!rn

C.T
C.T

7
I

33

5
6

34
4 l,rleeks

C. T.
I,. J. E
L.J.E

c.T
C.T
C.T

\L
72
J)

9
10
36

2 l¡leeks

L. J. E.c.T
C.T
c.T

75
L6
37

L3
L4
38

I [,r]eek

1 Day
T7
18
40

T9
20
39

L.J.E
C.T

Long Junctional EpÍ.[]relium
Connective Tissue Type
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PART B: I,IJL},AL RESPONSE

Of the 30 specimens used in this str.rdy, 3 specimens

v7eÍe excl-uded f rom hi stoLogical eval uat i.on clue to gros s

tissue deterj-oratiorr as a result oi inaclequate fixaticn
and processing. Of f-he remainíng 27 specímens assessed,

all shorved a consistent l-realthy ancl normal pul.pal picture
throughout the various time ¡leriods. Inf l-ammatiorr \,úas not

present ej-ther as a generalLzeö. €.vent-- covering the entite
pulp, or locally opposing the sit.es of surgery and

notchi-ng. Larger tjlood vessel s \,/ere regularly congested

v¡i [h erytlrr:c.rcytes .

I)egenerative changes in odontobl-asts \,ve.re not seen

in any of the specirnens. Al-L sections showecl intact
odontob.l-ast layers with alI cellular íntegríty preserved.

Intra-pulpal calcif i.cation in the f orm of- pu-lpal

stones or secondar¡' dentine was rrot seen in any of the

specí-mens. Some speciriiens shoived abr:ndance of f ibrous

tissue central-Ly, rlrnning longi tudinai-ly aLong the main

axis of the teeth. This feaLure was considered as a

va::í.ation of- the normal pu1-pal picture (Figs . 3./+4., 3.45).

Within each tirne period, the pulpal pictures

remained the same f-or both exper:imental ancl control
teeth. Furthermore, serial sections revealed lack of

variation or change f ::om one loc.ation of a pulp t o the

other locations of the same pu1.p. In other words , root
planing dicl not induce any noticeable purl-pal changes.
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Fig.3.30:1 day specimen, ci-tric acicl--treated ¿tncl unpl.aned. H&E x
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Fig. 3 " 31 : 1 4ay specinen , c j.tric acicl-tr'eated and root planecl. ii&E x
250 "
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Fig. 3.32: 1 day specimen, unplaned and saline--treatecl. H&ll x 280.
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Irig. 3.33: 1 day specinren, root pJ-atred and s¿rhine-treated. H&E x 200.
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Fig " 3. 36 : 1 weel< spec Lnten, unpl anccl ancl sal,i.rte--treated . H&li x 250 "
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F-Lg. 3.38 : 2 rveek specimen, unplaned and citric acid-treaLed . Fi&E x
250.
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Fig. 3.40: 2 week specimen, unplaned ancl saline-treatecì. P.P.C. x 250.

t
t,
I
,ì

)l
I

),1
I
I

;{

t

I'ig. 3.4I¿ 2 weel< specinten, root planed aud sa1ine-treated. P.P.C. x
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Fig. 3.44: 4 week specimen, unplaned and saline-treated. H&E x 250.
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Fig. 3"462 B t,,'ecl< pecimen., unplaned, cJ-tric a.cid-treated. H&IJ x 250"
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DI SCUSS ION

Reattachment

1. \nlound heal ins

In this stuciy, normal sequence of heal-ing kTas

observed in sections of ear:ly time periods (up to 2

weeks ) . There was a change from acute inflammation ( 1

day) to resolution ( 1 week) and repair: (2 weeks ) . No

difference was detecte-d between specimens treated with

citric acid and saline. It therefore, appeared that the

use of 20%'cl-tric acid for 2 niinutes dicl not catlse tissue

necrosis or delayed wound healing. This j-s in agreement

with earLy findings of Register (I973) , Regi ster and

Brrrdick (1975, L976) , Crigger eL _al. ( 1978). In a study

on healing of experi-mental furcal defects in dogs,

Crigger and co-wclrkers observed urreventful healing of

gingival- tissue after surgery and iopical citric acid

applica-tj-on. The results from the present study conf irmed

their observation.

2. Root r:esorption

Root surface resorption was observed in sections

from the 2 week peri-od onward. There were varying numbers

of resorption bays and a var:ying extent of resorptiorl

area. Root resorption appeared to be associated with

ccnnective tissue (fibrous) r:eatta.chment, ancl \.vas absent

in the p-rÍesence of a long epíthelial aitachrnent. Experim-

^
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ental sites (root planed and tr"eated wi-th citric
shorved the le ast amount of resoi:ption. This f in<ling

agreenent wr'-th Register & Burdjck (L9-15, 1.976) and

et aL. ( 1980 ) .

90

acid )

is in

Riri e

Horvever r oû unplanecl root surf aces (both citric
acid- and saline-treaLed ) , r:ooL resorpt,ion iüas obser-¡ed

(Figs . 3 . '19 , 3 "22) , The exi-ent of resorption variecl

greaLLy beLr,,reen specl-mens. Such f ind:lngs har¡e not been

reported elsewhere in the lil-er:a-ture.

3. Cementogenesis and rel-aLion to nctchin.q

I{istologic se-ctions from tire B week period sholed

ne\^7 cementum deposition at resorption sites (Fig " 3 .27 ) .

This sugBested that resorption Lra-cl ceased arrd that repaí r
by remj-nera.Li.zation had begun. New cementum formation at

(ô¡,Çt<1, t!;re notch area v¿as c-'.o_listentl¡z obserr¡ed in greater quan-.

tity t-han otLLer de-ntinal- repai r: sites. This iinding

agrees wj-th that of Linghorne (L95'7 ) , Pat-terson g_ç a1 .

('L967), lt{orris (1969, 1978), Franh *_ul-. (1ct74) and

Listgai:ten ('L972); but is at variancr: with tlrat of

Garrett _?t gL. (198f ) . In a study involvíng beagle dogs,

G¿rrrett et aj . found that:

1 ) The majority of specimens showed reattachrnent of
connective t i s sue in the f ul l_ extens ion of Ehe
r-rotch;

2) New cementum was consistentLy formed on exposed
dentine in the depth of the notches as weLl as on
the wall-s of the notches and the acl.jacent unnctched
aLea. In trnnotchecl areas , ne\^/ cementum \^7as al so
obser-¡ed on oLd cernentunr not compl etely removed
r,vith root pianing.



They concluded: t' " . .

the rate or quality of

doubt on the abi1 ity

cenrentogenesis. r'

91-

noiches seem to have no effect on

cementurn f orma-tion.ne\^7

of notches per se to

s ome

stimuLa be

In the present siudy, cemenl-ogenesis began in the

notches prior: to otLrer dent j-nal surfaces; the qrrantity of

ne\47 cementnm deposiLion vras greaLer at the notch than that

of other dentinal surfaces "

4. Bony regeneration

Bony regeneratj-on occur::ed in sectl'-ons as earl-y,as

the 2 week Linl. perioC. Sections f rom l.ater time periocls

strowed nìore extensi ve bony regenerat-ion and, in some

instances, the new alveola.r cresL had passed the corcnal

border of the notch. l{orvever, no dif f erence was observecl

be-tween the osteogenic capaci.ty of the citric acid-treatecl

s j-tes v¡hen ccmpared witl'r the non-acid-treatecJ specimens.

Thi s f inding agrees v¡Í th Ririe _e_t_ ,3']." ( 1980 ) but i-s at

variance lvil-h Nyman e1. C1. (1981) who reported no bon;u

regener:atiorr in rnonkeys. The present study cloes not-

support cla j ns made by Crigger e_t __a_1... ( 197 8) and Cole gg

_4, ( 1980 ) . 'In a study on hea j-ing of experimental fur-
cation defects in dogs, Crigger et al-. reported the bone

level was significarrtly highei: in Lhe acid-treated than ín

the contralateral, sham-operated teeth. Using human

material, Col-e gç-- qi. observed alveolar bone extenciecl

coronal to the ap-Lcal extent of the notch in 9 out of 10

specimens.



It is possible that

lack of standardizati on

various sl-udies.

in ::esults is

systems used

va riat ion

cf rnoclel

9?_

due to
in the

5. Ankylosis

AnÌ<ylosis \,vas observed in two specimens in thi:;

study, both \^lere on unplaned root surf aces , one tre.ated

with citri c acid and the other wi th saline (li'igs " 3 . I 8,

3 .29 ) . Thi s occasiona i f indí.ng suppor:teC the observat j-ons

by Register & Burdich (1976). Crigger gt_gl. (1978) and

Nil.véus gt__jr],. (1980) ; but is at variance with findings by

Coie eç__q1.,(1980), Steirrer _e.-E-a_l . (1981 )and Bogle e-!"_ei.

(1981). Cole e! el. and Steine-r: st__g!. could not find any

ankylosis in hurnan teeth they studied, wherea-s Bogle el

g-L. reported ankylosís as a common histologic finding. It

is possible that the older beagle clogs useci in Boglers

study coul-cl j-nfluence ar-id promote tire incidence oL

ankylosis.

6. Orientati r-¡n o-- f i-brous attaclrment

In all the root planed specimens whi ch exhibited

connective tissrie type of reattachment-, the collagen

fibres vJere seen running mainly parallel ancJ aj-ong the

root surface (Figs. 3.23, 3.28) . The citric acid-treatei

specimens, aithougÌ-r showing a stronger and more advancecl

connectir¡e ti.ssue reattachment ! consistently clisplaye<1

close adaptatíon of co1-lagen fibres running parallel tc

the dentinal surface. I¡lhere new c-ement-um trad f ormed on

denti na1. sr-rr:f aces , col lagen f ibres were observed to have

been incorporated -i n the process of rernineralization.
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Hov¡er¡er, th.e fibres generally ran in an oblique directi-on.

This finding does not supporE observations rilade by Iìirie

gq.*+_l_. (1 980 ) and Crrg,ger g!_*s!. (l 978), althcugh Cr:igger

did concecle EhaE areas whei:e fibres \,Jere arrzrnged morúl

parallel tr¡ the r:oot surf ace al so occurred. Ririe et___ql . ,

using TEM \,{ere abLe to clemonstrate the difference betr;veen

young and ol-d collagen f ibres by virLue of Eireir cros s-

sectional. dimension (493 ! 2"7Å, vs .1. B7O 47"A,). Furtherrnoïe,

they \,üere able 1-o demonstral-e the interdÍ gíLa-tion betv¡een

old and ne.w collagen fibres ai- the soft-hard tissue j-nter'-

f ace. In contrast, they f ound âflol-Lg the ncn-acid--tre¿rtecl

spe-cimens, the connecl-ir¡e tissue f ibres generally cortrsecl

para.llel to the root surface in a vertical clirection"

The qr-iestion of orientation of collagen fíbres in

healing gingival wounds (particulerrly ín hurnans ) v¡as

discussed by Linglrorne & orConnelf (1950 ) , Stahl ('L966)

and tuiorri s ( 1969 ) . These authors agreed that t1e\d connec'-^

tive tissue f ibres ran parttllel to the tooLh surJ:-ace,.

Stahl demonstratecl t-haE Ehj-si arrangement coulcJ persist far

up to a year. This v¡as confj-rmed by Burfield (197L) 
"

Morris proposed ttrat the pattern assumed by these fjbres

\,vas identj-cal to tbat of periosteum and concluded that the

periodontal membrane in thj-s area had reverted to the form

of the- less specialized periosteum,

It \^7as noL possible to demonstrat-e interclí-giLation of

old and ne\,r co-l-l.a€;en fibi:es in ttie present study since

high resolutí-on TEM is required. On unp.[ aned root

surfaces, picropol;rchrome stainí.ng suggested that inter-
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digitation of olcl and ne\^/ collagen fibres may have

occurred ( Fig. 3. 2i) . However, any such union occurred

outsicle tl-re mineral tzed cementum ancl tirere \^7as no sugges-

tion that rnineralization was occurring at the union site.

Citric acid treatment does prornote early connective

tissue rea-ttachment but functionally orienLated fibr:e

insertion rvas not obser.¿ed. As suggested by Stahl (1966 )

and Burf ield (L97 L) given enc;ugh time, rnaturation of con-

nective tissue attachment will reach a stage of consisLing

of funcLionally orierrtated fíbres a.ncl thus be-come indistj-n-

gr:ishable from tl-re unoperatecl site,

7 " Mode of reattachment

Controversy surrounds the mode of gingival reattach-

ment f ollorving perioclontiti s and .corrective surgery or

si nply sur:gi-cal deta-chment. Currently, one view clairns

that gingÍ val reattachmerrt may occur af ter bot-h situat'-

ions, but such reatiachtner-r,t is mainly acl-rieved by

epithelial cells. This view is supported by Skillen &

Lundquist (1,937 ) , Ramf jord (195L, L952) , Morris ( 1955 ) ,

Yukna (1,976), Caton & NymarL (1980) and Caton et al .

( 1-980 ) . On the other hand, Linghrrrne & O'Connell ( 1950 ,

L951,, 1955 , 1-951) anci Stahl & Persson (1-962) reported

connective tissue reattachment followíng surgical

wouncling and gingival detachrnent.

Recently, Register (I973) , Regis te,r & Burdick

1976), Col-e et al . (1980), Ririe _.1_ql_. (1-980),

et al- . (1978) , Nilvéus et al " (1980 ) and Selvig

(t97 5 ,

Crigger

et aL.
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(19S1- ) claimed pr:edictable connecc j.ve tissue reattachnent

using citric ací-cl deminer:a LLzattot-t ¡lrocedure in conjunc-

tion with thorougkr r:oot planing. Stahl and l'roum (1'977 )

and Nyman g!_?l. (1981) have ciisagreed that connective

tissue attachnent can be achl'-evecl in a preciictable

nianner:. In the present stucly, it \daS observecl that citric

acid treatment following root pl.aní-ng did consistently

pïoduce conrrective tisstre type reattachment. In contrasie

the non--acid-treated sites almost irlvariably produced

long epi thelial attachmenL.

'lltr j s f inding agree s w j-th Register, P'e$iste-r &

Bu::diclt, Crigger, I{irie, Clole, Nilvéus and Selrzig; but is

at vari_ance with Statrl & Froum and ltryman eL ar. TLre

pi:esent study is confinecl to surgical rvounding where

cenenturn has nol- been previously exposed to periodontal

disea-se. Llolet'e-r, most atrthors agr.e e tha-t there i s no

detectable difference in the s;peecl ancl ch¿:.racter of wouncl

healing and gingival reattachment in t Liese two s j tuat-

ions . It i s probably reasoirabl.e to extr:apolate the

f inclí-ngs f rom thi s experintental nroclel to that of Perio-

dontal cií sease situati on.

B. Effects of citric acid on reat-tachment

El ectrorr micro s copi c s tudie s by Garrett g!--tl.

(1.97 8) reveal-ed citric acid appl ication ( af ter root

pianing ) pr-oduced a 4 mi crcn demineraTized sr,rrf ace zone )

consistí-ng of exposed collagen fibres. Enhancecl cenlento-

genesis r,ias cl airnecl subsequent to acicl cclrditioning.
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Ririe gt_-tl ( 1980 ) reported inl:erdigi Eation of yor-lng

col lagen f ibres with denuded oLci collagen f-íbres f rom

clemineral-Lzed dentinal surf ace. They wer-rt oil to Propose

that:

1) acid conditi oning of the root surf ace lnay have
obviated the neecl f-or the initial st-ep in this
biologi cal sequence of events , i . e. , ciemineraLtz--
ation oÍ, the dentinal surface.

2) acicl condi tí oning resulted in a mechanism of
reaLtachment to the dentinal surface not unlike
that rchich occurs in the healing of a soft tissue
inci sional- wound .

The quest.ion of cytotoxicíf-y of cernentum a.[ter

exposure to, per:iodontal di sease r¡/â s f irst brought to

lí-ght by Fiatf iel d and Batrhamrners (I97L) and Aleo gt- .af-.

(1974, L975). Aler¡ found by treating the cij-seasecJ. cener:r*

tum with phenol- and watei: extractl-on, the bi-ocompatib-

ility of f j-broblast ce-l-l culture \,üas restorecl.

Shilo¿lh ( 1-980 ) suggested tht citric acicl has the

potential. to extr:acL endotoxin from cliseased root

surfaces. Such conterttion vJas supported by in vitr:o

siudí.es of Boyko el[_ ai-. .( 1980 ) " They f ound signif icantly

more ce.l-ls attached to dernineraTiz,ed roots than norr-

demineraLtzed roo Ls , the metl-rod of denineraLLzatton rro t

influencing the result. This suggests tlrat one of the

r,rays in rvh j-ctr ac j d-clemineral izatLon of roo t surf aces

could corrtribut.e to the reported enhancement of healing

of periodontal defects is b)' improving the attractiveness

of the root -"urface as a substrate to which c.ells cal-I

adhere.
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In anothei: s [udy by Fine gå- 3!. (1-980 ) it \,v¿ìs

demonsti:ated that- Erichl oroacetic acid ¿rnd cL'-tri-c acid

\,vere more ef f ective than water or phenol in removing

calcium and toxi-ns f ront the rooL s;urface and subsurfac,e.

Prel i.nrinary characteri-za|i-on. of the mate-rial eluted j nclic-

atecl the presence of endotoxin.

The physical characteristics of dentinal surface

af Ler acid deminer: aLtzat j-on may contr:ibute to t-he

enhancecl collagen attachmertt. Sqr.ri e.r: & Coll ins (1981- )

tienorrstrated that 3 -[m is the rninimal poï'e st-ze that

permits ccnqecLive- tissue penetration into the millepol:e'

f j-l-ter: ancl that when inf iltratí-on cloes occlrl, the resul*

ting soft tissue attachment markedly restricts the extenL

of epith.elial dovrngrowth. SEM stu.di-es by Garrett 9! -gf-.

(1.97 B) , l,ee gt__gf . ( 1 913) and llr¿Lrrnstrom & Johnson ( L97 4)

revealed frequenl depressions assc¡ciated with openings of

dentinal tubules " Suctr r:penings could provide the neces-

sary "micrcpores'r for colla64en f i b;:es to inf iltrate, thr:s

establishir-rg eai--ly reatiaclinent " These hypotheses lack

def inite supporting evi.dence.

PULPAL RESPOL1SE

Sel-tzer (1,97I) , Stahl (1963 ) and Bra|da & Jir:icka

( 1-97S ) reported pulpal. react j-or-rs f ollowing surgical

trauma and instrumentatiort of root surfaces. These pulpa L

reactions ranged from ac-ute infl.amrnation to irr:egular

dentine formation. In the current study, puLpal histology

cor-Lsi stently lacked pathoiogical char-rges; irrespective of

B
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Surgical utoundinge instrumentation or notching. Ttris

suggests that the degree of trauma inflictecl during the

experimentation was well tolerated by the pul.pal tissue.

No difference between acid- and saline-treaL-ed

specimens was noted, pulpal evaluation in both situations

\^7as negative. This f inding is in agreetnent with Register

(1973 ) and Ririe et al. (1-980).

'IL would appear from the present study that 2A7"

citric acid applied topi cally to exposecl root surface for

2 minutes does not elicit any pulpal- changes, tr:ansient

or permanent.
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An experi-mental stuclY

invesf-igaEe Ltre effects of

of r:oot surfaces on

SUM}{ARY AND CONCI,USIONS

vras c.arried

citric acid

out designed to

demineral i zat í- on

1)

2)

Gingival reatt.achment
Pulpal response.

Full-thi-ckness buccal- flaps \'refe raised in the pre-

molar regions of five beagle dogs. Alveolar bone vras

renioved to s j.rrul-a-te periodontaL bone loss, the mes j-al

roots tvere thoroughly planed to remove cementurn while- the

clistal roots \¡ie-re not instrument-ed. Saline vJa.s used aS

the control for 207" citric-acid treatment. Gingival fla¡rs

rdeïe repositiotrecl and sutured. Specimens \,vere renioved by

blocir díssection af ter 1 day, 1-, 2, 4 and 8 weeks, and

sub ject-e<1 Lo hi stopathological inr¡estigation.

Results:

1) Topical usje of 207" citric acid did not induce

tissue necrosis or delay the process of healinS.

2) Af Eer root planirrg, demineral i-zatton with 2-A%

ci tric acid lor 2 minutes consistently Save a corì-

nective tissue reattachment af Ler 2 weeks. Sali-ne-
treated surfaces healed with. both Long epithel.ial
and connective tissue reattachnient.

3 ) Root plarring in one and tlo
f ound to clelay bealing oJl the
compared with unplanecl sj-tes.

week specimens was

surgical wound when

99
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4) Reattachment with long jurrctional epithelium \,nas

not associated r¿j,th root resorPtion. Regions
healing wiLh corrnective t-Lssue attachment vJere

commonly associated with areas of root resorpt-.ion"

5 ) Cemerrtogenesis vJas evident t'-n the treated areas,
especiaJ-Iy where resorptiori had occurred arid in
association with the notch.

6) Bony regeneration occurs in all teeth but there i.s

no sl'-gnificant difference between citric acid-
treated ancl the non--acid-treaIecl sites.

7 ) Ankylosis hlas seen in ttvo of- tl-re 30 specimens but
was unrel-ated to ci.tric aci<l t-reatment"

B ) Earl-y collagen fibre alignment in the healing site
was parallel to the. root surface.

9) 207. citric
surface for

acid applied
2 minutes did

topically to exposed. rooi
not elicit pul,pal changes.

llhese results obtainerl from the clog are not val id

f or extrapolat ion to the huma.n. Comparison with human

studies ( Cole et _ 31. , 1-980 ) indica Eecl that simil¿rr

resul.ts \^rere obtai necl in that nodel . Hotvever, Nyman g!

eL. (1981) using monkeys had not confj-rmed the-se findings.
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APPENDIX I: PROFUSION I]ECHNIQUE

Apparatus set-up

107" buf f ered f ormal sal-i-ne \^7as used

Thi s \,ras stored in a 5-gallon cont¿riner

about 7 f.t. above grouncl level-.

Cathetr:ri zat-ion \,vas achieved in

with the right Elxternal Jugul.ar: Vein.

draÍ-ning over a bucket.

f.or

and

profus ion .

pos itioned

Through a series of tubj-ngs reducing in bore

(diameter), ttre container of formalin \dås connected to a,

catheter inserted inEo the left Ccmmon Carotid Artery of

t-he clog. Another catheter was inserted into the right

Ext,ernal .Jugular Vein " Thi s pr:ovi ded f c¡r drainage of.

blcod and f c¡rmaL in durí-ng prof us ion . The ope-ration table

\^7as tilted to a head-down position. Thi s f ac j-l-itated a

beEter Fl-ow (l-ig. I.1).

Anaesthesi-a

General arìae s the s i-a

same manner as irl 2 "7-,2

\^7aS used rouLi-ne1.¡2.

v/as cblained in e s s ent ial J-y tl"re

1- except endotracheal- intubation

Catheteri z,¿:,t-Lon

The l-eft common carotid Artery was isolated with

blunt dissect-ion. An appropriate sLze catheter was then

inserted and tied with silk ligature " The catheter \,vafì

then connected to tubings from the formalin flow tank.

a similar f ashi-on

This \,vas t-.hen left
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Profus ion

After naking otl-re the catbreters I'vere not clogged the

profusion taps \^zere opened, a.ncl f ormalin allorved to f lorv

through the an.lmal . Anaesthetic and airway support were

withdr:ar,;n a short rn¡hile later.

Profusion continued for about an hour until clear

f ormal irr appeared in the clraini ng tr-rbe . The anima I was

considered properly f i xed, and the taps !\7ere then turned

off.
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Ìrig. I.1: Âpparatus set-up for profusion.
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APPENDIX II: BLOPSY PIìOCI]DUIìE

Skin ¿rnd soft Lissue \,{ere dissectecJ from the jarvs

l-s¿12í-ng onl¡r the atLached girrgivae. 0rr the lorver jaw such

dissection extended to the angl.e of mandible. A channel

\^ra s cut along the body of the manclible approximately at

the distal of lower f ii:st molar:s. The body of the

¡'narrdible vras then separated fr:on the tv,¡o rami i,vith chisel

and rnallet (Fig. II.1).

Again, using chisel and malLet, two

secticns v7e,re obtained, each sectí on l'nci-uded

and /¡ prernol ars ( Figs . J-T .2., IL ,3 ) .

maxl'-i la ry

a canine

trig. f I. i : I'fandibul¿rr specimen resected "
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Itig. II.2 Block dissection of left maxi,llary specimen.

Fig. lI" 3: Bloclç di ssect,Lcn of right ma-xj-llar)' specimen.
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APPENDIX III: TISSUE PIìOCESSING

( I ) l'ixation

( II ) Trimming Reduce spec-.imen r-o nanageabie si-ze
cutting by motori zed, dianoncl
embedded cutEing disc wittr water
cool-ant.

( III ) Decalcif icat-ion Pl-ace specimens into inciividually
labelled iars of Formate formic
change solut-Lorr daily
X-ray to clel-errni ne end pt "

( IV) Neutralization
1 ) Running water t hr
2) Na, SOu 5% at l-east 36 hr.

(V) Dehydration - wash l- hr in running water
progresssive alcohol- dehydr:ation

707" alcohol or¡ernight
80% alcohol
9O'L aLcohol
95% aTcohol

100-"¿ Alcohol
LjO% Alcohol
100% Alcolrol
Equal peirts
and alcohol. t hr.

(VI ) lloubie ernbedding (under vacuum )

At - methyl salicylate + 0.57" celloj-din - 2 days

37"C - methyl salicylate + L.07" cel-loidin - 2 days

2.13 methyl salicylate + f lS wax t hr
L12 methyl salic¡rl¿¡s + I12 lvax t hr

At ll} methyl salicylaLe + 2/3 wax t hr
60'C --\.,Jax change I - Z:r,r

\,vax change II 2 hr
- \,v¿ì.x change III overnight

LN
at-

1.0% formal saline
least ?-4 hours 

"

(lou buffered)

AL
11o î

thr
thr
l- tr::

I
II

III
of.

7
I
7

hr
hr
hr

methyl salicylate

IJse Tissue
in moulCs.

Embedding Machine and block specimens
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APPEI'{DIX TV: STAINING

(1)

HA1II.{ATOXYLIN

HABI'{ATOXYLIN AND EOSTN

5gm

$0 gnr

300 ml

/00 mì

1 gnr

20 nL

Haema toxylin
Ammonium aluln

Glycerol
Distillecl water

Sodiurn iodate
Glaci-al aceti-c acid

EOSIN

Eosin

Potassium dichromate

Sat. Picric acid
Absohrte alcohol
Distiiled ir,ater

10

5

100

100

8oo

gn

gm

m1

m1

rnl

1. Dissolve the haenatoxylin jn about

2. Di ssolr.e the alurn in some of the
allowing to cool.

3. I{ix in other ingredients.

20 mÌ of absolute alcoho] .

distilled wa-ter by heating and

1.

t

3.

4.

5.
6.

7.
8"

9.

10.

11.

Routine Stairring.

Stai ni ng proceclure s

Place slides into xylof for 1J min.

l:nto lOO"l alcohol I 2 min.

Ir'to lOO% alcohol II 2 min.

fnto 7O% alcohol for 2 min.

Put into running tap water.

Iìaernatox¡'lin for J rnín. or ì-onger depcnding on the stain.
Talre to nmrting water for 5 min.

Differentiate in 0.2% acj.d-alcohol, IlCl in 70% alcohol"
To rvater again to blue for 5 min.

Eosin for'3 nj-n. or longer depending on the stain.
I{¿Lsh in in vater for 2-3 clips until most of the stain has been
washed a\{ay.

Deh.ydr:ate in 70% t]nen 2 x IOO% a.lcohol.

Cfear in xyloJ and mount.

72.

r3.



(2) POl,YCIlROl.fE STi\IN llOR DTFFERIINTIATING
PRECOLLAG]]N FRO}Í COLLOGBN

(FIerovici., t963; l,il lie et_q!. , 1980) )

Nuclear stains:
( i ) Cef estine bl,tte 0. 25 g.

Iron alum 2.5 g.

Disti]led water $0 ml.

Boil for three minutes, cool, add 10 ml of gJycerol.
(ii) Alurninium sulphate, 5 per cent aqueous solutiot-t

Heat to boiling point; then aCd verl' sl-owJ-y,

Haematoxylin, 1 per ceirt alcohc¡Iic sofution

Aflow to boil for three minutes; lvhetr cool- adcì:

Dístilled water

Ferric chloride, 4 per cent aqueous solution
Hycì.rochl oric acid, concentrated

Cytoplasrnic staj-n.

l'íetaniÌ yellow

Distilled water

Acetic acid

Connective ti,ssue stain.

Picropolychrotne mixture :

(i) Methyf bfue

Distilled water
(ii) Acid fuchsin

Picric acid, saturated aqueous sofution.
I{ix (i) and (ii) and acld,

Glycerol
l,ithium carbonate, saturated aclueclus solution

Acetic acid sol-ution
Acetic acid

Distill ed water

Lithium carbonate solution.
Lithium carbonate, saturated aclueousi solution
Di stilled rvater

108

100 ml.

50 ml

100 rnl .

10 ml.

1ml.

o .25 e.
6o mr.

5 rlrops .

0.05 s.
j0 ml.

0. 18 s.
50 m1.

10 ml.

0.5 ml.

J drops.

6o ml.

2 drops.

6o nl.
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(Z) continued:

Procedure

L. Stain in celestine blue (five minutes).

2. I{ash in runtting tap water' (five minutes).

3. Stain in haematoxyli-n nixture (five minutes).

4. l{ash f,or thirt¡' minutes in running tap water.

5. Stajn in metanil ]'ellor,¡ (two minutes).

6. Differentiate in acetic acid solution; rinse 1n water.

7. Pl,ace in lithirrn carbonate solution (trvo minutes).

8. Stajn in pi-cropolychrorne nixture (two minutes).

9. Transfer to I per cent acetic acj-d (tr"o minutes).

10. Dehydrate, clear ancl mount in Canada bafsam containj-ng salic-
ylic acid (0.1 g to 100 nil- of balsam)

Nuclei-þIack; cytoplasm--green to yellow; young collagen-blue;
mature collagen-rcci.
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(3) VAN G,[E,SONIS MET]IOD I¡OR COL,LAGBN FIBBRS

SOLUTIONS

I,IF]TGERTI S IROIT FIE]VIATOXYLIN SOLUTION

Sol.ution A

Hematoxylin crystals
Alcohol, 95%

Solution B

Ferric Chloride,
Distilled water

29% aqueaus

Hydrochloric acid, concentrated

I{orking Soluti on

Equal parts pf Solution A ancl So,lution B.

VAN GIESONIS SOLUTION

Acid fuchsin, lf aqueous

Picric acicl, saturated aqueous

STAINING PROCBÐURE

1.. Deparaffinize ancl h)'clrate to distill-ed tvater.

2. ì{eigertrs herta,t.oxvlin sol-ution for 10 minutes.

3. Idash in dj stjfled water.

4. Van Giesonrs sol,ution for 1to 3 minutes.

5. Dehl'd¡¿1" in 95% alcohol, absolute alcohol,
xylene, t.wrl changes each.

6. Mount with Permount or Histoclad.

RESULTS

Collagen - red

Muscfe and

Cornified
epithel ium - yellotv

Nuclei - blue to black

l'{allory, F.B.: Pathological Technique, Nerv Yorl<

100.0 m1

1.0 gm

d.0 mi

95.0 ml

1"0 ml

2,5 nl

97 "5 nI

and cl-ear in

RE'FIJRENCE. Hafner Publishing Co., L>q6I' p. 752.
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