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CHAPTER T

* INTRODUCTION

In the past seventy years, dental scientists have done an enourmoue

_(5,6,30)

amount of research on dental caries. The Scientists have found

several types of bacteria that are directly related to dental caries.

' (29 30 »31)
Most dental scientists believe that the incipient dental cavity

is covered by dental plaque in the beginning of the carious process.

The researchers have studied dental plaque from a bacterio‘o«

' gical point many times, but some research has been done on the composi“ion

of the dental plaque in carious and non-carious teeth The pH< 7)
dental pleoue in carious teeth has been found to be more acidic than the

L(19)

pH of non—carious teeth Tht pH of dental plaque becomes more ‘acidic

$

when the patient eats carbohydrates.
% »‘\’ N ’, R v "K‘,.')‘

The purpose of this thesis is to study changes in the characteristics‘

ki

;of the deptel plaque in orthodontzc patiente. The quanit; OL Jac obacilli

and strent0cccc1 in the plaque, the pH of the plaque, and the total carboi
1 i

hydrate content of the plaque will be recorded before and after the pati-

ents teeLh are banded The data will be evaluated fcr correlations between

content of iactoaacilli dnd streptococci with tne pH and carbohydrate
bRy . ;
content of the plaqu

Che oo

o

o




CHAPTER II
REVIEW OF LITERATURE

W

The first notable aobservations on bacteria were recorded in 1675 by ,
Anton Van leeuwenhoekfl> 1632 - 1723, With an optical instrument made of
a biconvex lens, Leeuwenhoek discovered bacteria im various body £luids,
in water, in peper-infusion, in yeast, in beer, and in plaque. The dis-
covery ﬁf‘the,micrqscope opened a new field for study of the c&usation‘of
disease, v v 7 : _

prextvkoch(?) 1843 « 1910 is conceded to. be the “Father of Bacterio-
logical Technic,! for he discovered and developed the use of solid culture
ﬁedié, and isolate mixed cultures of microorganisms, He set forth criteria
for establishing the etiology of disease, These are known as Koch's poste
q;a;eéeand statet. (1) A specific orgenism must always be aSSQciated~w4thi
a disease, (2) 1t must be isolated in pure culture, . (3) - When inoculated
into a healthy susceptible animal it must always produce the disease. (&)
It should be obtained eagain in. pure culture, |

ICR00§§5§I§MS IN THE ORAL ORAL CAVITY

The discovery of microorganism in the oral cavity led to the associar

tion of microorganisms with dental caries, In 1872 Cutler(3)

described
the microorganism found in carious dentin of the teeth, Cutler described
the microdrganism as globular or slipper shaped, measuring 1/60,000 to

: ()
1/10,000 of inch in diameter. .In 1876 Pierce morphologically identified

rods, vibros, and other forms of bacteria taken from carious dentin,

\




‘ 3
= Wi‘D;*Miller‘S) 1890 compared "1ife conditions" of bacteria in vito
with the conditions prevailing in the human mouth and he stated “the oral
cavity must be an excellent breeding place for these organisms,"
‘" 'In 1903 Goadbycﬁ) classified oral microorganism as liquefiers and acid
tOrﬁérsglaﬁd he named Streptococcus as one of the acid forming organism,

.Kligler(7)

n 1915 ¢lassified oral microorganisms into three divisiond
(A) protozoa, (B) spirochetes, and (C) bacteria, He divided the bac-
1111 of the mouth into anaerobic and aerobic groups,

MzcneoRcANIsms AND DENTAL CARIES
@)

In 1884 Underiwood “observed histologically that microorganisms are’
always present. in carious lesions and are not present in normal’ iﬁtact
tooth substance,

W D, Miller (5) 1853 - 1907 1s conceded to be the father of oral mic-
roblology! As the formulator of the cﬁemico-parasitié fﬁeory of déntal
caries‘hé‘wa; the first to apply 5 basic science to the solution of dental
digsease, ‘He described the chéﬁico-parasitic‘proceSs?as'twbﬁstagés:> (A) ¢
decalacification and (B) dissolution of -the softened residue, 'Hée believed
‘that“certain microorganisms found in the human mouth possessed theipower
to prbduéé’acid'in tﬁé présencexéf’food. He ‘never named any one bacteria
28  the c¢ause of dental decay,  In 1897 williams(g) showed thaf'oral acid
forming bacteria are the etiologlcal factor in cause of dental decay.

kligler(lo)

in 1915 described oral microorganism in material taken from
" three places: (A) between the teecth, -(B)' on tooth surfaces, and (C)

W L
T L




frOﬁzearious dentin, ' He believed that in dental decay the characteristics

of the oral flora changed from that of Streptococcus to an acid producing

rod, Kligler‘isolatéd from=:he;carious,material'a non=spore forming bace.

illus, which he called Bacillus acidoghglus, now called Lactobacillus

aoidoghilus; He showed that the bacillus was capable of producing and

with standing a greater amount of acid than that produced by amy of his
(11)

other isolates, In 1922 McIntosh, Janes, and Lazarus=-Barlow noted

the‘coﬁstant presence of Bacillus acidophilus odontolyticus.iﬁ,carious‘
material, Bunting,andkParmerley(!Z) in 1925 isolated Lactobacillus acid-
ophilus in every initial carious lesion, and they found;the organism to be
highly pleomorphic., : In 1928 Bunting, Nickerson, Hard, and Crowley( 3)
a‘eurvey,on 1,335¢ch11d;en to find out if there was a correlation between
Bacillus aclidophilus and dentai decay.  The~group found the correlation to
be ve¥y:high. . Im 1933 Enright, Frisell, and Trescher‘¥4> détermined.thaﬁ:
the‘active‘agentﬁofacafious lesions must be able to withstand a acidity of
PH 5.0, The&;found ngggbaciilughgcidoghilus to be the only microorganism
in direct contact with carious piaque‘and‘eXhibit-both aclduric and acid-

ogenic eharactefistics at pH 5.0.

In 1941 Fosdick "and Starke( ) found that lactobacillus: gcidophilu

was able to catalyze the various‘steps in carbohydrate degradation,  Fose .
dick and Starke notice that lactobacilli accomplished the reduction of. -
pyruvic acid to lactic acid very quickly,

(16)

Hemmené,‘Blayney,*Bradel, and Harrison . in 1946 studied the culti-

vable microbial flora of the dental plaque., They found Lactobacillus to




' be the only genus of bacteria.for which there was definite evidence of

Aincreased incidence with the agsociation of a developing carious lesion,

(17)
In 1940 Stephan studied the changes in hydrogen~ion concentration

On toothrand?1nEcarious lesiohs; Stephan stated "The pH of plaque and
open cavitiéé‘héy be ldwered'by ingestion of certain carbohydrates., These
pH changes can be demonstrated directly in the mouth with the antimony
electrode,” | .

In 1048 Stralforsl®)

used an antimony electrode with an electric pH
meter,‘to measure the changes in pH of the dental plaque and at the same

time he made Lactobacillus counts of the saliva,  ‘He showed a significant .

relation to acidic pH .and high Lactobacilius counts, The dental plaque at

normal pH had fewer lactobacilli,

S (19) ' PE
D, E. Jager and Ockerse 1965 studied the pH of saliva and dental

plaque of tooth.surfaces.befo;e,and after glucose rises by school children

in high'andllow caries incidence area., They found the pH of the saliva to

be more acidic 1nfthe_children with a high incidence of caries, but the pH
of the plaque was not significantly different in the two groups, -
Harrison(zo) in 1944 studied the plaque of six hundred patients before
caries:ap?eared and continugd'the study on the plaque of three hundred . -
patients which had become carious, He found acid‘producing and acid taler-
ating streptococci and lactobacilli both to be closely related to dental
decay.
i -Besser(zl) in 1950 studieérplaque material, and he found that lacto-

bacilli were always present in plaque of carious teeth, He also noted




other forms of bacteria in. the plaque,

Bermens, Blayney, .Bradeél, and Harrison(zz) in 1946 found Lactobac-
‘gllgg;was the only bacterium to increase in the plaque with the developing
of-carious lesion, -

(23)

Rrasse in 1954 found that the lactobacilli must be cotrrelated . '

with carbohydrate consumption and caries activity at the same time.

In 1954 orland %)

demonstrated that germ free rats do not develop
dental caries even when maintained on diets which are carogenic for their
¢bnvéntiana1ﬁcounterpart; .

‘In’ 1955 arland(ZS) and his co-wofkers demonstrated that caries: can be
E Induced in germ free rats infected vith combinations of enterococcus and
eitheﬁ»afprbteolytic'aerobic rod or an anaerobic pleomdrphic rod,

-Keyes( ,) 1960, Fitzgerald( N and Keyes, 1961, and Gipbons(zs)”t966
shoved that animals harbouring cariogenic bacteria develop bacterial ' -
plaques where as Iittiewor none aécumulate in animals harbouring none~
cariogenic bacteri#. S _

Dawes. and Jenkins(zg).in 1962 fbund that the dental plaque had a
high concentfationzof-calcium and :phosphorus in caries high~anima1§.

Fitzgerald and kéyes(aQ? 1960 shdwed‘éhat dental caries was induced
in‘a strain”of:glbino "caries inactive" hamsters 'by oral inoéulatian of
single or pooled cultures of streptococci 1solated from carious:lesions in
& hamster, He also demonstrated that pooled cultures of six strains of -

diphtheroid organisms, or six strains of lactobacilli isolated from the

[
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orai cavity éf "caries active" hamsters were without effect when similarly
g.inoculated as were six strains of streptococci isolated from‘caries:in-
active hamsters,

Fitzgerald, Jordan, and Archard(3l) 1966 were able ‘to demonstrate
thatflaetobaclili could produce caries in germ free rats when the rats wverd
fed'aldtet of coarse particlerwith high sugar'coqtent.<

Gibbon and Banghartcaz) 1967 using a combination of serologic amd
;isotopé dilution technique éstimated:that dexurahfcomprised.aimost'Z%wog
thé total dry weight of pooled plaque'éamplesi.*ﬂé spectulated that the
plaque had a-much higher percentage of dextran in the matrix of plaque.

ORTHODONTICS AND MICROORGANISMS.

: 33 - , (
In 1948 Owen(; ) studied the saliva of his orthodontic patients beford

and during orthodonfic treatment, Owen stated the following: (1) "“The
presence of orthodontic appliances in the mouth does increase the Lacto-
bacillus coﬁnti (2) ‘The degree of increase is dependent some what upon
the number of bands., (3) There is a correlation between the total band
months and the number of iactobacilli per cc."

Dikeman(34) in 1962 studied the microorganisms of saliva in orthods

ontic and non-orthodontic patients, He reported the following: (1)

"The presence of stainless steel orthodontic appliances tends to increase

both Lactobacillus and Staphylococcus counts but does not appreciably

change yeast or Streptococcus counts, (2) The greater the milk consump-

tion, the lower the Lactobacillus and yeast counts, - (3) A definite

positive relationship exists between DMF teeth and lLactobacillus counts,"




|

| Bloom and Brown(ss) 1964 studied the effect of orthodontic applie
ances on the oral microbial floral They measured seven types.of micro-
organisms, including anaerobic and aerobic types. They stated that "all'
categories showed a numerial increase after the placement of orthodontic
appliances, only the - lactobacilli increase by a statistically signifi- h
cant amount " The Lactobacillus increase by 3500% or an average of 90,000 ’
Iactobaciilus per milliliter of saliva. They also found "the greatest
number of orthodontic bands and auxiliaries manifested the greatest quant-
itative increase in microbial population studied " | Ehitey oy
The preceding literature review proves that the ortnodontic patient
can be used for a study of the dental plaque. The patient can supply a
measurable amount of dental plaque, so that bacteriological studies can

i

be done.




CHAPTER III

HEfﬁéDS AND MATERIALS

(A) Selection of Subject
Twenty~one patients between ten and sixteen years of age were select-

ed for this study from the ‘Ofthodontic Clinic at Loyola University. School
of Dentistry. The patients had Class I and Class II (Angle) malocclusion,
and they arenbetngjtfeatedﬁwifh light, restlient wires and 1light forces,
The patients were c¢hecked before the bands were placed,~and‘téchéckqd*one
month after the bands and arches were inserted, '

(B) ' Oral Hygiene

Li - The patients were required to brush their teeth:for five minutes
using a Modified Silllman technique (occlusal-gingival cycle). The plaque
4daﬁblés‘andwmeasurements were collected one hour after the supervised
brushing, The patients were not allowed to eat anything during the hour
following the brushing, The patients were instructed to brush:their
téqth for five,minutes,usingfthe-Modified Stillman technique after ceting,
€c). Expefipental,?tocedurep |

©' . The patients? plaque:samples‘andameasuremen§s were recorded one week
before. the teeth were banded, The pH of the plaque. was recorded'in situ,
Thevplaqué;was'then prepéred for the Lactobaciilué?and Streptococcus
counting ‘technique, The‘last'test»of?the plaque’ samples was the quantita-
tive microdetermination of carbohydrate in the plaque by using the modifi-

e¢d . anthrone test,




o)

The second group of plaque samples and measurements were recorded
four to five weeks after the bands and arch wires were attachied to the

teeth, The pH of the plaque was recorded in situ. The plaque was then

prepared for the Lactobacillus and Streptococcus counting technique, The
last test of the plaque saﬁples was the quantitative microdetermination .
of carbohydrate in the plaque by using the modified anthrone test.

The'first'groupiofwdata'was recorded before the bands were placed. .
4?_ The second group of data was recorded after the bands and arch'ﬁires;were
plgped;i‘Comparslons were made between the first grdupﬂof,data andfuhe
second group offdéta; The measurements that were compared weret -(1). pH,
(2)  Lactobacillus content, (3) Streptococcus mitis content, - (&)

Streptococcus salivarius content, (5) total Streptococcus content, and
(6) ' Carbohydrate,

_‘(D) pH Measurement : o et comshor et of f

The pH meter was standardized for the two electrodes. by using a

. buffer ofrkn0wnpr-solution'Sefore each test, Comparative tests were made
with the exploring (antimony - silver) electrode and the Coleman glass
_electrode in known pH solutions at 259 c, The maximum variation was less
'b than 0,10 pH“uﬁits in the range“of 4,0 to 7,0 pH. This variatipn‘is coms
parable with that found by Parks and Beard; 3®) Before the Antmony -
Silver electrode was used.in the mouth, it was standardized with a buffer
‘of pH 6;0;'so:thatvreading could be méde directly on the pH%sealg of the

potentiometer - electrometer.
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~_The pH.readings‘were taken at various sites on the teeth, The plaque

was usually found on the buccal of the m@xtllany,molars,.llngual of the
maxillary lateral incisors, lingual of the mandibular molars, and the lin-
gual of,thg mandihqlé; incisors, A minjmum of three readings were record-
#¢ for each patient at a session, |

, ,A.ggleman Meg:ibnllv PH meter was used to read thé.pﬂ of the patients,
The exploring electrode was specially built for this type of pH measure~
ment, and was similar to the one qsed by Stephan(36) in 1940, It con-
sisted of;av:slass_tube,)kv"«3,5,". whicﬁ‘ﬁas tappered on one end: (Fig, 1).
4n(4ntimon§ = Silver tip was placed at the tappered end of the tubea(Eig.
2). ‘The\Ant}monyyg.Silver,ﬁipiwgsfcementedmwith;dental»compound to the
?QQAOf,FhéhglaSSgt“PQéw,A bare copper wire was 1nsez£ed“into the glass:
tube and the glas#;tube‘was then filled with mercury, end the other end of:
ghe tube was,;ealed:with dental compound, The exploring electrode was
then aptgchgdnto;the:kamgtef;; A standard glass calomel electrode was .
used for the reference electrode, I
The reference electrode was inserted into a. saturated: solution of

potass;um‘chloride; .The patient immersed.his hand into the potassium

qb}oride,_and the investigator inserted the tip of the exploring electrode |

into the dental plaque. The pH reading was then recorded, The tip was
the only . part of the electrode.placed in contact with the plaque,

(E). Collecting and Weighing the Plaque




b &heAblaque is placed in a Lilly No, 5 gelatin capsules, The gelatin cap-

Ttﬁf@é“ﬁffllg?ém'bf”ﬁlaque'ﬁo one millilitér of water, The total ‘capsule

‘tubes of water was placed on the selective streptococel agar. The 'sample

12

* “The plaque was removed from the teeth with a number 6-7 'gracy curette.

sules weigh approximately sixteen milligrams“aftér they were reduced in ' ;
length, The capsules were cut to reduce the welght. The gelatin capsules’
were preweighted and placed into small vials which had the paciencs"name*f
on them, ' The removal of thévblaque from the teeth, and the collecting of
the plaque In the gelatin bébsuie'reqﬁiféﬂ épﬁfoxiﬁétély'flvb”minutéég“'f”f
The total welght of the filled capsule’ is then ‘determined, ;nd the actual
velght of the plaque is calculated, =
‘ﬁ1i~~Tﬁ§"p1aqﬁe~aﬁd*éé1atiﬁ‘eapéu1eTwéré"lnserted‘intb a five miMiliter |
Vifitiévmicféhomogeh!zér:cup{' A recorded quanity of water was added to
the plaque and capstile, The plaque to water ratio was approximately
was homogenatized in ‘the water at 400 r.p.m, for five minutes, !
(F) Serial Diluting and Plating

Orie~tenth of milliliter of the homogenized sanple was diluted into
‘s test tube with nine-tenth of a milliliter of sterile water, The.serial
@f1lution procedure was continued until ‘the sampre'waS'dilutéd‘tS*lo'ls.
?’“"‘ The plating of the diluted sample was done on two different media, =
‘The selective media for streptococcl was BBL* Mitis-Salivarius agar. ' The

selective medid for lactobacilli was BBL Lactobacillus Selective Agar,* '

‘One-tenth of a milliliter of the diluted sample from each of the fourteen

¥*Baltimore Blplogical Laboratories, Baltimore, Maryland _ ;

f




wag.;hen.evenly distriﬁuted on the surface of the agar by using a sterile
?ight-angle,glass rod, Lactobacillus selective media was heated at 212°

F until it became molten. It was cooled to 53° C before using. : One-tenth
©of a milliliter of the diluted sample was placed on the inner surface of
Q_-a sterile petri dish,'ﬁnd the Lactobacillus selective agar was poured into |
~§h&n¢£g§wﬁg.uhﬁvdiéh,wasfgently rotated, The samples for the lactobacilli

-4 -
3, 10y and 10r§,dilntdons.

selective agar were taken from»LO'l, 10-2,«10-
All of the petri dishes were»invertéu\and incubated for forty-eight hours

at 37° c.. The:total‘§;reptocoeci,~Stregtococcl mitis, Streptococcus:

salivarius, and lactobacillus colonies were counted and recorded after the |
incubation (Fig. 3 and 4), The Streptococcus saliverius appear on mitis

sallvarius agar is large, clear, soft, mucoid colonies about two to three

millimeters in diameter (Fig. 3). 'The,Sgregtococcus=glggggagpeared.as
£lat, non-elevated, pin pointed colonies (Fig, 3).
(G) . Carbohydrate determination - :

One milliliter of homogenized sample was pipetted into a test tube. |
conptaining five milliliters of anthrone squuric‘acid reagent, One. .
milliliter of distilled water was pipetted into a secoqd test tubé contain-’
ing five milliliters of anthrone-sulfuric acid reagent, One millfliter of |
Qﬂglucése-water solution was pipetted into a third test tube containiﬁg
five milliliters of anthrone-sulfuric acid reagent.,  The goncentr;tion of

the glucose-water solution was 0,1 milligram of déxtrose per milliliter |

of water, The test tubes were gently swirled to mix the reagents with

13 |
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'the\seméles; The three test tubes were placed in boiling water for exact-
ly flve minutes. The tubes are removed from the boiling water and placed
“in an ice-water solution for one minute, The spectrophotoneter is set at
620 mu, The third test tube was used to calibrate the speetrOphotmeter
at zerO'optical_density. The first test tube was read first, and the
-second test tube was recorded:last :on the spectrophotometer,

Determining of the carbohydrate ‘content ‘was done by a modification of
the technique used by K. J. Weeks( )

The reagent used was a 0,2% solution of purified anthrone in 98%
(v/v) sulphuric acid, The reagent solutfon had a three day shelf life.

Five milliliters of the reagent solution were pipetted into a 6 "'
X 1 " rimless test tube, Overlayed on the surface ‘of the reagent was a
'one milliliter aliquot of the solution to be analysee. ‘fﬁiSﬂwaSLﬁone'
carefully to prevent mixing of the layers, The tubes were then swirled 0l
gently to mix the solution and the reagent., The mixture was lmdedlaeely
‘placed in a boiling water bath for exactly five minutes, where upon it was
‘removed and cooled rapidly to room temperature, The optical ‘density of
the solution was determined in a Coleman Model 6135 Jﬁnior I1 Spectro-
photometer at 620 mu, where maximum absqrptionvof the color complex
occurs,

“With each determination, or series of determiﬁations, it was neces-

B8y to run a blank which contained one milliliter of water and a stand-

ard with one milliliter of a glucose solution containing 100 mg, of
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glucose per ml, The asmount of carbohydrate in the test solution in term
of glucose was calculated as followed: Carbohydrate ( as glucose) per

milliliterrtest solution= -

Absorbance'of test solution - Absorbance of blank x,-i00'
Absorbance of std glucose soln, = Absorbance of blank 1

The relation between color development in the reaction and glucose
concentration was linear between 0 and 100 glucose per milliliter and
it is not until a concentration of 125 was reached that the deviation
from linearity is sufficient to produce an appreciable error,

This method gave results accurate to 0. 5 microgram consistantly#
according to Weeks (37) Because of the strong acid conditions used inw
the anthrone - carbohydrate reaction, all types of carbohydrate material
can be determined directly and the reeult obtained will always be measure

L [

of the total carbohydrate present in terms of the standard sugar solution

used (38) When only one sugar is present then the result can be converted '

into terms of the sugar by either, applying a correction factor for the
difference in color development of the standard sugar and the test sugar,
or by using as a standard a solution of the sugar present in the test
solution, .

The reaction between carbohydrate anthrone‘under strongly acid.
conditions produces a blue-"reen which is specific for carbohydrates.(38)
The only other compound which will yield a blue-vreen color is furfural,
but in this case, the color soon becomes brown after a short heating

period (37)
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. . There are some substahces which will produce interfering effects in
- the determination of carbohydrate in biologival material. Weeks®’)
found protein and amino acids ere the most usually encountered sﬁbstances;~
vhich%wilihpfoduce interferenée¢* However, interference due to protein
does not make itself felt untilrthe sugar content of the sample falls to
;bout five per cent of the protein content, Below thiS‘leveIVHbeks '
states that.clarifiéation'procedures must be employed;to.remqve'thefpro-
tein, | |

=y ', Before the investigator used the modifieé ;nthrOne techmique :for!.: -
detefmining;the carbohydrate?content,ot the plaque.the investigator!went
through a series of trial tests with known values of glucose per milli-
liter of watet;ufthe test was run threée separate times; "mhe“flfstntestw
was done with samples containin# 0;02, 0.04,;0;065-0;08,~and‘O.IQrthIiw:
gram of glucose per milliliter of water (Fig. 5).

The second test was like the first test,‘excépt for one extra test
sample. The extra test sample ¢ontained a solution of 0,058 nillig:am of
protein per milliliter water with 0,058 milligram of glucose per milliliter
water, This experiment showed that the protein at a 1 : 1 ratio with the
carbohydrate had little effect on the accuracy of the test (Fig..6).

The third test was like the first test, exéept for two.extra test
samples, One of the extra test sample was a solution containing 0;058
milligrams of gelatin per millilfter of water and 0,058 milligrams of

glucose per milliliter of water;4 The other extra sample was a solution
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containing 0,275 milligrams of gelatin per milliliter of water and 0,045
mill}grams of dextrose per miIliliter‘Qf water, The third experiment
showed the'protein could be five times es concentrated and not significante
ly alter the accuracy of the test (Fig., 7). .

(H) Statistical Analysis

. ' The data from the two groups of experiments were collected and pre-
pared for'statistieal analysis, In the experiment the same group of
patients is subjected to two different situations} The data wes obtained
as two series- of measurements for the same group of individuals, so that
the measurements in each series are not independent of, but, in fact,
correlated -with, each other,

- The statistical analysis of the data was done by using the YRelated
or Paired Samples" technique, The ratio of the average differénce to the ‘
standard error of the average difference is t‘i_a o This ratio is distri=-
bﬁted*iﬁ“the‘tf;'cufve with (N ="'1) degrees of i freedom, The t value

wés“compufed and checked for a 1% and 5% level of significance,




_ CHAPTER V

RESULTS

‘ The plaque samples and measurements were collected from twenty-one
patients before banding. Nine of the original twenty-one patients were”;
eliminated‘from the experiment due to orthodontic complications. The
samples and measurements were collected from twelve patients after the
orthodontic intervention.‘ H |

The'comparsions of the data were done on the final twelve patients
with respect‘to their recorded measurements. The data appears in Table
1 and Table 2, A tabulation of the individual measurements for the six
cateéories’investigated is'presented in Table 3, The pH measurement and
the carbohydrate content of the plaque are shown graphically in Fig. 8
and Fig. 9;" The logarithmetic counterparts of each bacteria category
are shown graphically in Fig. 10, ll, 12, and 13 : -
(A) pH comparsions o

The mean pH of the patients"* plaque before banding the teeth was 6.8,
The mean pH of the plaque one month after attaching bands and arch wires
was 6, 4 The difference in the mean pH was 0. 4 The median pH of the |
plaque after orthodontic intervention was 0 4 more acidic than the mean h
pH of the plaque before banding.

The pH value was lowered in each. of the twelve patients folloving

the orthodontic intervention. This is shown graphically in Fig, 8,

oo B




. the shaikest difference.

Y

Patient number eight had the greatest pH difference, The difference was

0.80 pH units, Patient number one with a difference of 0,10 pH units had

The before pH measurement for each patient was paired with the after
pﬂ.medsufemant., TheidiffaranCB'was‘calculated for all twelve pabientg,.
The ratio of the average difference to the standard error of the average
difference is t -,§7..~arheA+ value was 8,36 which is statistically signi-

| SEE
‘ficant at the '1% level.

"The results of this investigation have established that there is a

‘numericéal decrease in the pH of the dental plaque following the placement :

‘of orthodontic appliances,
(B) Carbohydrate’' content comparsion
“The amount”éf total carbohydrate in the test solution waé calculated
in terms of glucoseé, The mean carbohydrate content of the patients!
‘plaque before banding of the teeth was 0,0277 mg,/mg, of plaque, The meary
‘carbohydrate content of the plaque one month after attaching bands and
‘arch wires was 0,377 mg./ﬁg. of plaque., The: mean carbohydrate .content of
”thévﬁlaque was 0,0100 mg,/mg, of plaque higher after attaching the bands
and arch wires for one month, |
The carbohydrate éontent of the dental plaque increased in.nine of
“the twelve patients (Fig, 9). .The highest increase was 0,0347 mé. of

iplaque, The highest decrease was 0.0127 mg, of carbohydrate per mg, of




 plaqué (Table 3).

~ The before carbohydrate content for each patient was paired with the
after carbohydrate content, The difference was calculated for all twelve
patients, The + value was 2,35 which was not statisticélly signifiéant at
the 1% level, but it was statistically significant at the 5% level, This
investigaﬁinnnhasqshogn that. there is a statistically significant increase

in the carbohydrate content of the dental plaque after insertion of ortho-

dontic appliances,

(C) Llactobacillus content comparsion

The mean lactobacillus content of the plaque ‘in the before sample was

4,35 X 102.1aCEobacilli/mg. plaque., The mean Lactobacillus count in the
after sample was 9,81 X loa”lactOBacilli/mg; of plaque, The mean Lactoe
bacillus count in the after sample was 9,80 X 10° lactobacilli/mg, ‘plaque

higher than the before sample,

' The Lactobacillus count of the plaque increased in eleven of the.

twelve patieﬁts“&fter'the‘piaéémeﬁt of orthodontic appliances (Fig. 10).

The highest increase in Lactobacillus count was in patient number ‘ten,

The increase was 4.98fX‘104. Patient number two with an increase of 9.0

X‘IOl had the smallest increase in Lactobacillus Eontent-(Table 3).

' ‘The before Lactobacillus count was statistically analysed ‘with res= =

pect to the after Lactobacillus count, The + value was 6.33 which s

statistically significant at the 1% level,

. (D) - Streptococcus content comparsion
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-Each of the streptococci categories studied manifested an increase
in its population mean after the placement of orthodontic appliances

(Table 1), The Streptococcus mitis showed the greatest increase of the
' 4

'3treptococ§i; The mean Streptococcus mitis increase was 1,50 X 1Q1
teells/mg; of plaque.

‘TheNStregggcoccus mitis content of the plaque increased in all
twelvé“paéients (Fig. 11), Patient number four ﬁ&d,;he largest increase
"in Streggococcu; mitis. The increase was 1,12 x,lols. -Patient nunber

“two with an increase of 1,13 x,105 had the smallest increase (Table 3).

The Streptococcus mitis increase was statistically significant (P<0.01),

The Streptococcus salivarius content of the plaque increased in.

‘eleven'of the twelve patients (Fig. 12)., Patient number one with an
~inerease of 1,16 X.lO!z‘had the largest increase. Patient number eight
with a decrease of 5,8 X 107 was the only patient to have a decrease in

Streptococeus salivarius content (Table 3), This increase im the Strep-

‘tococcus salivarius was foundAto,be;statistically{significantﬁ(Pfho;Ol).

The total streptococci content of the dental plaque jincreased im
aall‘twelﬁe»patients (Fig. 13).. The increases varied from 1;i§?x lﬂ}éxto
1,12 X 1013 (Table 3). ' The increase in the total streptococei was found
>~1to:be statistica11y significant (P<0,01), Although all bacterial cate- -
gories manifeéted:a rise in population concurrent with the placement

~of appliances, the total streptococci were found to increase by a far

| . greater amount’than ahy other category. -
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CHAPTER VI
DISCUSSTON
In any attempt to understand the fundamental nature of dental ‘caries,
one is confronted by the question "What is the mechanism by which enamel
and dentin are dissolved from teeth, under the conditions that exi&t in
éﬁ@;mouth?"‘ :

- The mass of evidence which led W. D; Miller(s) to formulate the
”chemicoparagit;c" theory of caries offers a logical starting point for
seeking an answer to this question, We may summarize his findings and
theory thus: Caries is a process;of'dissolution of the calcium salts from
enamel and dentin by acids, formed in the nouth by fermentation of carbohy-
dratesg by bacteria lodged on tooth surfacés.. This process is followed by
dlgintggratiqn~of the organic matrgx by,proteolytic‘action of the same. or
other bacteria,

- Miller's experiments did not: simulate beginning caries of: enamel
His experiments did not: seem to. -exXplain why the acid produced on.tooth
surfaces was not neutralized by saliva, ‘To f£i1l this gap in'the‘chemico~
parasitic theory, others conceived of a "plaque"‘or "£11m" on ‘the ‘tooth: -
surface which‘confined acid to the tooth surface and prevented neutraliza-
tion by saliva,

39)

. Williams( demonstrated adherent bacterial plagues on surfaces

of teeth, including someée with beginning caries of the enamel, Black(ao)

presented evidence of "gelatinous plaques" produced by gelatinizing




23

bacteria on thogse surfaces of teeth which were not cleaned either by a
brush or in mastication.

Kirk41)

presented evidence that mucin was precipitated from the .
saliva to form a "mucin plaque," - . .. . ..oy

" Regardless; however, of whether the nature of the ceries producing
'519que" .is: bacterial,  gelatinous, mucinous, composed of food particles
or any combination of these; theoretically it is necessary for the plaque
to .develop a sufficient’ hydrogen-ion concentration to ‘dissélve enamel,
in order for the carious lesion to develop, -

+* " There have been many investigations of the factors governing. the, .

: 3 (42)
solubility of the enamel,' ' McClelland, .- Enright, Friesell, Fosdick .

‘mrdﬁt"axkeéls) Tresher (43) Kanthak, (M)'.' «chas ( ) and others have all
zmu cated that the hydrogen~ion concentration is: the: chief. factor 4n. the
solubility nf enamel, - T}m~evi‘dence indicates that, in a solution con-
taining as muchcalcium phosphate as saliva, t'heuenamel-.wil%l;vm:ndzi,ssolve
dbove a pH of about 5.0 to 5.5, but-wi !;1 dissolve below this pH.-: .;S;i.nce
the pH of 'saliva is almost always from 6,0 to 7,8, it is obvious why the
saliva does not dissolve enamel, Since enamel is dissolved in' ibaginning
caries, it would seem logical that something on the enamel surface attains
a pH 'less than 5.0 - 5.5, The measurement of this pH is important in. -
oxder to determine the ‘immediate activity of the carious process, -

#:  There are several methods of measuring PH, none of which .is without

some disadvantages.ﬂ




tooth surfaces have two serious liminations: 1. The electrodés #re Very

‘Thus far, these limitations have hindered their use directly on: tooth

‘surfaces, - The antimony electrode has neither or ‘these limitations,"

. the presence of air, end with a vacuum tube potentiometer~electrometer

3%

; (17
The microcolorimetric technic used by  Stephan ) in a reported

study showed variations in pH of plaques from 4,6 to 7,0, and the cariotis
debris from 4,2 to 7.0, This method required considerable time and pat-
ience, Aﬁd therefore it was difficult to make many tests on material:
from tooth surfaces atfone time. The material tested ﬁas‘rembvgd‘ffbm'
whesmeuhh,:and only. one measurement was possible, |

- Electrometric methods have proved applicable for repeafed’direct
measurements of pH in vivo. The glass electrode has the-feweét errbrs;

Microglass electrodes small enough to be applicable for pH readings on-

ﬂragile,aand‘fhey break with slight préssure, 2. Their electrical resis-

tance is so high thatnthorough-electrostaticvshielding‘1s‘necessary;

(36) .
Parks and’ Beard have shown that a polished stick electrode, in

which would prevent polarization of the électrodes, followed the theore-

tical Nernst equation from pH 2-7 at 25° C.s the greatest diviation bei
T. R, Ball ' “ showed that an antimony sulfide electrode functions’

between pH 1:8 pH 10,' with results reproducible to 0,09 pH unit. 'Citrates

rendered the electrode useless, but 10 per cent sugar, 2 pef cent ‘starch




end 0.5 molar sodium nitrate were without effect. s e

“For many yeafs acids produced by microorganisms have been considered
a causative factor of dental caries; in fact even today this theory ine
fluences dentalfcafies research to a very great extent, It seems reason-
able to assume,that,.if.it‘is correct, the acidity could be measured, the
pH determined, and:a fall in pH:to-the.critical pH or beyond-should-be
demonstrated in%dénéal‘plaque‘or:in carious cavities;vn«;"

t. . The caries research done on gnotobiotic rats byKOrland(zé) 1954

~ showed that germ free rats do not develop dental caries: even when main-

tained on diets which are cariogenic for their conventional counterpart.

@ 27) 1960 demonstrated the etiologic role of streptococeci in.

, 47
experimental caries in the hamster. Recently, Orland< ) 1964 reported

Fitzgerald

that oral lactobacilli of ~human origin became: cariogenic:for rats after
beingamaintainedwin»ehree«successive generation ofagnotabioticxrats. The
active role of lactobacilli and streptococci in dental caries was one: rof
the reasons for selecting. these microorganisms to be measured. in, the eX~
periment, g e g rein s o g rrtael YL
TheiAnphor's experiment. showed that the pH of the plaque became more

acidic after the orthodontic intervention. The plaque became more acidic

~due to a quantitative increase of bacteria content and a quantitative in-

crease of carbohydrate content of the plaque., The streptococei and:the.
lactobacilli content both had a quantitative increase in the plaque,

These two groups of bacteria are acid producing and acid tolerating in-




- this respect, Omisi 'and Kbndo(as)“foﬁnd that placing a plastic plate on

ﬂ”

character, The quantitativc‘inérease‘in carbohydrate content provide
these bacteria with more substrate for degradation.

The?data~from the experimént showed that both the streptococei  and
the lactobacilli content of the plaque had a quantitative increase; It
is quite conceivable that the Inherent irregularities of fixed orthedoritic ,b
appliances could, in general, provide additional_surfaegs formuhofcbllect-
tion and retention of food debris, These additional surfaces 'would con-

tribute more area of environment suitable for the growth of bacteria. In

the'paléte increase the number of,laétobacilll‘within a few days, ' They:
postuiéted thét fermentatfoﬁ‘areas can‘lead~to,an.inere;se’inrlaétobacflli‘
It ig ; well known fact that lactobacilli grows better in an acidic ‘
medium, It is possibleethat'thé»increase in' streptococe! content will
provide a more acidic plaque, which will be a better medium for the
growth of -lactobacilli, The inecrease in the carbohydrate content of the
ﬁlaqué‘will.provide a more suitable énvironment foristrepcoeodéi;lﬁhiéhf:
in turn provides a more suitable‘énvirénment for the 'lactobacilli, . ¢
Hatr!son(zo) in a study of dental plaque from carious teeth always'found
acid producing and acid tolerating streptococel with lactobacilli, '
“ A’'comparsion w#s‘made of the lactobacilli and streptococci content
of the plaque with the pH of the plaque, There was an increase in lacto=
bacilli ‘and stréptOCOcéilcontent'with‘an increase In acidity. There was

no linear correlation of the increase In bacteria content and the pH as a
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E vgnﬁup,“but the individual samples were postitively related, The regson
\ that the group did not show a linear relationship was due to the tremen-
ddus‘Variapion in increase of bacteria content with a small change in pH;
Tﬁé‘orthodontic appliances tend to enhance bacterial growth by.
providing a more suitable environment for bacterial activity and thereby
subﬂeeﬁ&nnghe oral environment to imbalance and possible . disease, It
is géneraily;recognized that cariogenic bacteria are able to initiate the
formation of dental plaque for it has been a consistent finding :that
animals harbouring cariogenic bacteria develop hacterila plaque whereas
little or none accumulates in animals harbouring non-cariogenic -bacteria

kbyes(2§>;l9605‘Fltzgerald(27) and Keyes, 1961, Gibbons(zg);et al,' 1966,

Carlsson(ég) and Egelbery 1965 observed that sucrose stimulates plague
ﬁqrmaﬁianwin'man; it,is possiblé‘that;the increase .of food debris in

the area could aid the bacteria in producing dental plaque; and the new
plaque could have higher ca:bohydrate content,

iy / fhe'modified'anthrone test for éhe carbohy&rate content -of rthe plaque
appears'to be very valugble, The'test detarmined the total carbohydrate
content of ‘the plaque #ithvfew~limitations. The test is accurate to one
millionth of a gram., The accuracy is not altered to any appreciable ex=
.tent unless the'reagént is over three days old,:

‘it is importent to note that there is a quantitative increase of the

carbohydrate content of the plaque. It is obvious that there is an in-

crease in total plaque after banding which in itself would ‘increase the




vtotalvbacteria count, The increase in carbohydrate content could be due
to an increase in dextran'wﬁich s believed to be the matrix material for
dental plaque according to Gibbons, The.!hcrease in'carbohydraee content
could also be due to an increase in unattached substrate, or both an.in-
crease In dextran and substrate,

L. The carﬁohydrate»content of the plaque- increased on:the:average by
&ﬂ“per“céht‘after thé‘orthodOntfc intervention, Eastoe and Bowen 1967
showed that when a few drops of 0.1 M solution of sucrose was placed on
the dental plaque, their was a drop in pH to 5,17 (S.D. + 0,38) after’

20 minutes. Whereas the absolute significance of the measured pH near
tooth surfaceimust be interperted with caution, it isiconside;éd:that

these measurements provide clear evidence for the production of sube

stanttal'Quantities of ‘acid at ;heseﬂslttesuand;stnongly*sugggsts‘its.part:

icapation in the development. of the'cariousﬂlesions.“

It appears from the results of the experiment that the :dental plaque
nust have-ah7increase in carbohydraté contént before there “ig an 'Increase
in acidity or-bacteria content, 'The aiteration of the oral envirénment:is
primarly that of increasing the food debris in the dental area due to-

j fixed»orthodontic appliances. The increase in bacteria and the increase
of acidity of the plaque can increase the carious activity in the oral
cavity, It appears that this chain of events could be retarded by insti-
gating good oral hygiéne in these patients., Proper oral hygiene'wodld

eliminate the excessive food debris, and the bacterial environment would

28 |




be favorable alter,

There was no linear relationship between the carbohydrate content
and the bacteria content of the plaque.v The- change in each group was
statistically significant with respect to measurement made before and
after orthodontic intervention, but there was no linear relationship
between the two due to the large variation of bacteria with a simul-
taneous small change in carbohydrate. |

It is important to note that in this experiment the measurements
§. were of the concentration of the carbohydrate and the concentration of
the bacteria in the plaque. Pacaed organism (solid bacteria) at the

bottom of a centrifuged tube show a concentration of 2 3 X 10 /Mg.

This value is approximately the same as the plaque measurement after

orthodontic intervention. The results would indicate that there is less

’ other material and more bacteria and carbOhydrate in carious plaque. e

R

It is the opinion of the author that further research should be done
on the dental plaque after orthodontic intervention. It is possible that
the changes seen in the dental plaque after orthodontic interVention are
the same as in carious plaque. The changes in the plaque of an ortho-
dontic patient are relatively easy to measure, and the patient is reli-
able and the control of the patient during the experiment is assured.

A few of the characteristics‘that should be measured are the following;

protein content, calcium content, phosphate content, and potassium .

content,




1drate content, and microbial population of the dental piaque were-all

.- CHAPTER VI

SUMMARY

-A comparsion‘of the qnantiative changes of’the dental plaque of
twelve patients, before and after orthodontic treatment, was made. The
four microbial populations were measured by plating measured»wetﬂplaqée
samples on standard selective culture media, The pH of the plaque was
measured in situ by an exploring glass electrode with an Antimony-Silver‘“
tip, The carbohydrate content of the plaque was quantiatively measured
by using a modified anthrone-sulfuric acid test,

The follow1ng«resu1ts were obtainedt
(1) The pH of the dental plaque became more acidic after therplacement ;

of orthodontic appliances. (2) The carbohydrate content of the plaque in-

creased by 40A after the orthodontic intervention. (3) The Lactobacillus,l.

.».lr

Strentococcus mitis, Streptococcus salivarius, and total SS!EBEECOCC“S

quantiative counts showed a numerical increase after the placement of
g TR TR '

ortnodontic appliances. (4) The changes in the pH measurement, carbohy-

Fedd

statisticaliy signiaicant.
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Fig, 1 GLASS EXPLORING ELECTRODE

Fig, 2 CLOSE UP VIEW OF ANTIMONY-SILVER TIP




Fig, 3 STREPTOCOCCUS MITIS AND STREPTCCOCCUS SALIVARIUS ON MITIS
SALIVARIUS AGAR,

Fig. & LACTOBACILLUS ON LACTOBACIILI ACAR.
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Fig. 5 Lihear relationship of glucose in mg,/ml, water
" to the solutions optical density,
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Fig, 6 Linear relationship of glucose in mg, /ml, water to
the optical density., A solutijon of 0,058 mg, pro-
tein/ml, water and 0,058 mg, carbohydrate/ml, water
was checked, indicated by (x),
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Fig, 7 Llinear relationship of glucose in mg./ml., water
to the optical density, A solution of 0,275 ng,
protein/ml, water and 0,045 mg, carbohydrate/ml,
water was checked, indicated by (x),




PH reading of dental plaque in situ
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Fig., 8 pH reading of patients before and after banding
(as based on Table 3).
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Fig, 9 The carbohydrate. content of the dental plaque
before and after banding (as based on Table 3),.
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LACTOBACILLI PER MG, PLAQUE

LOGARITHMIC VALUES TO BASE 10
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Fig. 10 ' The Lactobacillus counts logarithmically
" expressed (as based on Table 3),
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STREPTOCOCCUS SALIVARIUS PER MG. PLAQUE
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Fig., 12 The Streptococcus salivarius counts logarithmically
expressed (as based on Table 3),
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expressed (as based on Table 3),
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"TABLE 1

MEAN PLAQUE CONTENT MEASUREMENT PER MG OF PLAQUE

pH

Mg of
Carbohydrate

Lactobacillus

Count

-Streptococcus

mitis count

‘Streptococcus

Salivarius
Count

6.8

0.0277

4.35(10)2

2.28(10)’

' 7
2,92(10)

AFTER

6.4

0.0377

4L
9.81(10)

1.51¢10) 1%

1.81(10)10

46

DIFFERENCE

0.4

0.0100

9.80(10)%

1.50¢10) 14

10
1,80(10)




TABLE 2

STATISTICAL ANALYSIS OF PLAQUE DIFFERENCES PER MG OF PLAQUE

t d SE-
d

pH ' , 8.36 0.418 . 0.05
Mg cf .
Carbohydrate 2.35 0.00915 0,0039
Lactobacillus
count 6.33 9380,2 1481,5
Streptococcus ) 12 13
mitis count . 7.89 151,6(10) 1.91(10)
Streptococcus 10 9
salivarius . - 6,8 1,79(10) 2.63(10)
count
Total

streptococci 7.22  1.50¢10)%  2.00010)13

47

0.01

0.05

0.01

0,01

0.01

0.01




TABLE 3

Data (per mg, of plaque) collected 1 week before banding, and data

collected 1 month after insertion of bands and arch wires,

Patients

pH

mg of
Carbohydrate

lLactobacillus
count

Streptococcus

mitis count

Streptococcus

salivarius
count

Total
Streptecoccei

fr-

N.S, .
3.33(10)3

2.18(1034
1.17(10)!2

2.54(1022
2.15010) 11

2.20(1014

1.38(10)

N

o O
. o
W o

0,0267
0,0197

N.S
9.0(10)I

3,07(10)°
4,20(10)°

4.20(10)%
4.50(10)°

5

3.49(10)5

4,65(10)

jw

6.70
6.1

0.0256
0,0329

N.S
4.99(10)3

4.28(1027
6.49(10)14

3.06(10)2
6. 66(10)

4.31(10;7
6.49(10)14

Before
After

Before
After

Before
Aftex

Before
After

Before
After

Before
After
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TABLE 3 (cont'd)

Data (per mg. of plaque) collected 1 week before bnading, and data
collected 1 month after insertion of bands and arch wires,

Patients 4 3 [

pH 6.30 7,00 6.80 Before
‘ | 6.10 6,52 - 6,60 After
mg of 0.0262 0,0272 10,0248 Before
Carbohydrate - 0,0221 0,0283 0.0595 After
lactobacillus 4.68(10)§ N.S1 N.S2 Before
count 4,50(10) 1,68(10) 6,60(10) After
Streptococcus 2.68(1025 1.29(10}; 1.6¢10)7 Before
mitis count 1.12¢10)15  1.63(10) 5.00(10)° After
Streptococcus 6.89(10)§ 2.77(10)° 1.32¢10)> Before
salivarius 1.24(10) 1.68(10)8 1.50¢10)° After
count

Total 2.69(10)? 1.31(10}7 1.61(10); Before
streptococci 1,120 1.63(10)13 6.5(10) After
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TABLE 3 (cont'd)

Data (per mg. of plaque) collected 1 week before banding, and data
collected 1 month after insertion of bands and arch wires,

Patients 7 8 9
pH ‘ 7.10 7.00 6,60 Before
- 6.80 6.20 . 6,20 After
ng of 0,0504 6,0310 0.0216 Before
Carbohydrate 0.0715 0,0414 0.0317 After
Lactobacillus N.S2 N.52 N.S1 Before -
count 1.52(10) 5.33(10) 2.63(10) After
Streptococcus 2.63(1027 4.63¢10)° 1.22(10}8 Before
mitis count 2.32(10) 1.55(10 3.15(10) After
Streptococcus 2.56(10)2 6.38(10)’ 1.53(10)5 Before
salivarius 2,72(10) 2.84(10)6 2.63(10)8 After
count
Total 2;82(10{8 6;84(1027 1.27(1028 Before
streptococci ©2.34(10) 1.55¢10)'2  3,15(10)!2 After




TABLE 3 (cont'd)
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Data (per mg, of plaque) collected 1 week before banding, and data

collected 1 month after insertion of bands and arch wires,

Patients

pH

mg of
Carbohydrate

Lactobacillus

count

Streptococcus

mitis count

Streptococctis

salivarius
count

Total
streptococci

6.80
6.40

0.,0292
0.0165

3.10(10)2
5.00(10)

1.55(10)6
1.92(10)7

1.27¢10)7
1.28(10)8

1.67¢10)6

3,20(10)7

0.0231
0.0382

1.63(10)2
1.80(10)%

4.57(10);
3,19(10)

1,55(¢10)7
1.86(10)8

6.12(10);
3.37(10)

7.10
6.90

0,0200
0.0368

6.77(10)}

5.25(10)3

8.71(10)2
4.63(10)

8.94(10)°

4,59(10)7

1.76¢10)8

4,89(10)8

Before
After

Before
After

Before
After

Before
After

Before
After

Before
After
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