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CHAPTER I o

INTRODUCTION

In the past seventy years, dental scientlsts have done an enourmouv

: 6 30
amount of resoarch on: dental caries. The Scientists( > have found

~~~~~

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

‘ (29 30 531)
Most dental scientists believe that the incipient dental cavity

is covered by dental plaque 1n the beginning of the carious process.

The researcﬁers have studied dental plaque from a bacterio1o~

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

g (7)

of the dental plaque in carious and non-carious teeth The pH

dental plaoue in carious teeth has been found to be more acidic than the

o (19)

pq of non~car1ous teeth Th pH of dental plaque becomes more. acid

L

wnen tbe patient eats carbohydrates.

Tho purpose of this thesis is to study changea in the characterISeics‘

VU H b . EoR Tt

iof the dentai plaque ia orthodontzc patients. The quanity of 3acLobac111i

w“

and strent0cccc1 in Lhe plaque, the pH of the plaque, and the rotal carboﬁ
,hydrate coaLent of the plaque will be recorded before and after the pati-

ents taeth are banded The data will be evaluated for correlations between

i x’k 'u [

content of lactosacillx and streptococci with tne pH and carbohydra»e

kel AT < ¢ Ck i L | . P

5, conten of the plaqu

o
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CHAPTER II
REVIEW OF LITERATURE

W

‘The first notable observations on bacteriaiwepe recorded in 1675 by . |
Anton Van ,Ieewenhoek?«(l.) 1632 - 1723, With an optical instrument made of
a ﬁicqnygxulenég Leeuwenhoek discovered bacteria in various body flulds,
in water, 1n~peper»iqfusion,-in yeast, in beer, aﬁd7;naplaque," The dise .
cpwerykéf-theimicrqscope,qpened;a;newwftg1d~fo;,s§udy of the céusation.of

pré:twkoch(?)u1843“-(1910,iszconce¢ed~tq,b§,theﬁ"Father.quBactenLQ.
logical Technic,! for he;disqoverédﬂand developed the use of solid culture
’ﬁedia, and isolate mixed cultures of microorganisms, He set forth criteria
for establishing the etiology of disease, These are known as Koch's poste.
uggpgégqnd states. (1) & specific orgenism must always be,assqpiagedpwﬁth'>'
a disease, (2%»\1: must be isolated in pure culture, :(3) : When inoculated]
into a healthy susceptible animal it must always produce the disease.  (4)
It should be obtained again in. pure culture, ~~‘\

ICR00§§5§I§MS IN _gg,g___ CAVITY .

- The discovery of ,fmiycmprsanism in the oral cavity led to the gssacias

tioniéf microorganisms with dental caries, In 1872 Cutler(3)

~described -
the microorganism found in carious dentin of the teeth, Cutler described
the microorganism 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

o Wiibi*Milléf‘s) iBQO*eémﬁared "ife conditions® of bacteria in vito

with the conditions pre§aiiin§ in the humanxmﬂuth.an& he §té§ed~"the'oral
eavity sust be an excellent breeding place for these organisms,®

L In 1903 Goadby(B) classified oral mieroarganismﬁas liquefiers and acié

!bfﬁérs;}aﬁd he named Streéptococcus as one of the acid forming: organism,

D)

Kligler' ’ fn 1915 élassified oral microorganisms into three divisiong
) protozoa, (B) spirochetes, and "(C) bacteria. He divided the bac-
1111 of the mouth into anaerobic and acrobic groups, '

MICR@ORGANISMS AND DENTAL CARIES .~ . i o
(8,

" In 1884 Underwood’ observed histologically that micruorganisms are’
always present. in carious lesions and are not present in normal intact
tooth ‘substance,

" W, D, Mitler (3) 1853 - 1907 15 conceded to be the father of oral mic-
roblology! As the~formu1ator~offthé‘éﬁemicb-parasitié”Eﬁebry~éf?aéﬁtﬁ1»f
Caries“héﬂwa§:thé”fi?8t to?abpiyté basic science to the solution of dental
disease, 'He déScribed:thé~ehéﬁiCO-parasiticiprOcéﬁsihs twb’ stagés: (A)
decalacification and (B) dissolution of the softened residue, 'He bBelieved
-that’certain“microotganiSms~f6und in the human mouth possessed the.power
to produce acld in the présencejéé‘food.‘ He ‘never named any one bacterila
kéfthéféahée'bf*ﬁéhtal*decay;*”ln‘1897~Williams(9) showed that oral actd
forming bacteria are the etiological factor in cautse of dental decay.’

Kligler(lo)

in 1915 deseribed oral ‘microorganism in material taken from
_ three placest’ (A) between the teeth, (B) on tooth surfaces; and (€)

e L
kg L




» frdwf‘:carious- dentin, ' He believed that in dental decay the characteristics

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

’ rod, Kligler: i‘sorla\t)é:;i' from the carious material a non-spore forming bace.

i1llus, which he called Bacillus acidogh; lus, now called lLactobacillus

gggdoghilus;~ He showed that the bacillus was capable of producing and

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

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

the 'coﬁstam: presence. 6f Bacillus acidophilus odontolyticus in carious .

mateiialQY~Bunt1ng;andyParmerley(;Z)rinul925,ié91atedw

ophilus in every initial carious lesion, and they foup‘df; the organism te be
highly pleomorphic, = In 1928 Bunting,. Nickerson, Hardy and Crowley( 3)
a.sumey; on;-,l,BBS;nchilda':en to find out if there was a correlation between
Bacillus acldophilus and deni:ayl..yd‘ecay; :,.'The group found the cerrelation to ‘
be. ve:ryxhigh. +In-1933 Enright, Frisell, and »Tresche,r:(}ai) détem&neﬁd that:
the active,‘ agent. of: cﬁrious» lesions must be able to withstand a acidity of

PH 5.0, They found Lact obacéilus;ggidomi lus to be the only microorganism

in direct contact with carious *pimjuei and exhibit ;both»aciduxfig and acid~
ogenic charaef:éﬁsg:i.cs,at pH 5.0, - poromt L e ud naniilo T Ravaiy

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

vas able to: catglyze the varlous,.steps in_ carbohydrate degradation, Fo¢se. .
dick and Starke notice that. iactobaci,ll‘i accomplished the reduction of. -
pyruvic acid to lactic acid very quickly;

Hemené_,‘-“Blayn‘e}'b‘?radel,‘ andwﬂarrei,‘son(,m)l} in 1946 studied the culti-

vable microbial flora of the dental plaque, ' They found ;ctobaéilvlw,; to




be“the~oniy%gehus of'bacteria«for which there was definite evidence of

Aincreasnd incidence with the association of a developing carious lesion.

Q17
<In61940»Stephan studied the changes in hydrogen~ion concentration

tboth and’in.carious lesions. Stephan stated "The pH of plaque and
open cavities may be lawered by ingestion of certain carbohydrates. These
pH changes can .be demonstrated directly in the mouth with the antimony
electrode,” . T e i e | Cfred pavs ;“u~:ﬁ';:;;;»Q

In 1948 Stralfors(ls

) USed'an‘antimony»electrode;with,an‘electricxpﬁ
meter,fto measure the changes in pH of the dental plaque and at the same

time he mﬁdp*ﬁactobaéillus counts of the saliva, . He showed a significant .

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

normal pH had fewer lactobacilli, -

D. E. Jager and Ockerse 1965 studied the pH of saliva and dental

plaque of tooth surfaces before and after glucose rises by school children |

‘in high'andeOWscaries incidence area. They found the pH of the saliva to

be more acidicrinfthe_children with a high incidence of caries, but the pH

9f~the-p1aque was not sigﬁificdntly &ifferent;inftha~tw0 groups, -
Harrison(zo? ;nflgﬁa studied the plaque of six hundred patients before

caries'appeared and cbntiﬁugd'thefStudysohvthe plaque of three hundred.

patients which had becofie carious, ' He found acid'producing and -acid toler-

ating streptococci and lactobacilli both to be closely related to dental

decay.,
‘tBesser(gl) in 1950 studied plaque 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,

- Hemmens, Blayney; .Bradély and Harrison(zz) in 1946 found Laetobac-

killus-waS\the‘only bacterium to increase in the plaque with the developing

of-carIOUS'ieslon.

(23)

Krasse. in. 1954 found that the lactobacilli must be cotrelsted . -

wieh‘carbohydrabe~consumption and caries activity“at.the same time,

(2)

In 1954 -Orland ‘demonstrated that germ free rats do uot develop

dental'caries~evenawhan,maintained,on'dietsawhich are; carogenicifor: their

conventional ‘counterpart.

~In’ 1955 erand(ZS)"and‘hisfco-workers demonstrated that cériés can be

f_ induced in germ free rats infected with combinations of enterococcus and

eitheﬁwarprOtéolytié‘aerobic rod or: an anaerobtc:plaomdrphic;rod::‘a i

7l eryes( f) 1960, Fitzgerald( n and Keyés; 1961, and Gibbons(gs)”!966

showed  that animals harbouring cariogenic bacteria develop bacterial: :

‘plaques where as little or none accumtlate in animals harbouring none -

cariogenic bacteria. R _
(29) ' ;

Dawes. and Jenkins = ' in 1962 found that ‘the dental plaque had a
high concentfafionﬂofacaleium‘andvphosphorus in caries high~anima1§;vyix

. (30) .

Fitzgerald ‘and Keyes ' . 1960 showed that dental caries was induced
ina strain¢ofag1bino “ecaries inactive" hamsters'by oralfinoéulatian‘of
single or pooled cultures of streptococci 1solated from cariousclesions in
a hamster, = He also demonstrated that peoled cultures of six: strains of -

é¢iphtheroid organisms,rqusix_strainé of lactobacilli isolated from the




7

o:ai cavity;éf’"carieé active" hamsters were without effect when similarly

;,inoculatedras were six strains of streptococci~isolated'from‘caries:in-
:#ctive‘haméters.

(31)

Fitzgerald, Jordan, and Archard 1966 were able to demonstrate
‘thatflactobacizli;could produce caries in germ free rats when the rats werd
fed a diet of coarse ’part»iclef with high sugar content.:

Gibbon and Banghart(32) 1967 using a combinattun of serologic and
;isotope dilution technique estimated that: dexuran comprised almost 2% of
’the total dry weight of pooled plaque samples. ‘e spectulated that the
plaque had a much higher percentage of dextran in the matrix of plaque.

ORTHODONTICS AND.MICROORGAELSMS;

.'~‘Inf1948 Owen(?3> studied the saliva of his orthodontic patients beforﬂ
and’ during orthodontic treatment, Owen stated the following: (1) "The
presence of orthodontic appliances in the mouth does increase the Lacto-
bacillus coﬁhti (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 iactobacill& per cc,"

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

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

"The presence of stainless steel orthodontic appliances tends to increase

both Lactobscillus and Staphylococcus counts but does not appreclably

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

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

positive relationship exists between DMF teeth and lactobacillus counts.,"




|

v Bloom and Browncss)'1964 studied the effect of orthodontic appli-
ances on the oral microbial flora, They measured seven-types.of micro-
organisms,iincluding_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- ‘jk
cant amount ﬁ The Lactobacillus increase by 3500% or an average of 90,000
Lactobacillus per milliliter of saliva. They also found "the greatest o
number of orthodontic bands and auxiliaries manifested the greatest quant-
itative increase in microbial population studied " S T

The preceding literature review proves that the orthodontic patient
can be used for a study of the dentai plaque. The patient can supply a
measurable amount of dental plaque, so that bacteriological studies can

i

be done.




CHAPTER III

METHODS AND MATERIALS

(A) Selection of Subject -

Twenty~one patients between ten and sixteen years of age were select-
éd for this study fmqmwtheﬁarthodonti§~01tnic1atiloﬁolaavniversity.Schpol
of Dentistry,., The patients had Class I and Class II (Angle) mnioeclusibn,
and they are=bétngjtfeated?wi§hclight; resilfent wires and light forces, .
The patients were ¢hecked before the bands were placedy and rechecked one
month after-the bands and arches were inserted, '

(B) '« Oral: Hygiene . a-.iwawc,u;‘a R rer pean
. The patients were required to brush :ﬁeir¢teethﬁfor;five\minﬁtes
using a Modified Silllman technique' (occlusal-gingival cycle). The.plaque
_éaﬁblés“andﬁmeasurements were collected one hour after the supervised
ﬁrushing;f'The patients were not allowed to eat anything during the hoﬁr
following the brushing, The patients were instructed to brush:their
téeth:for fiveaminntes‘u$ingfthe Modified Stillmen technique after cating,
) Expefigentalezocedurey AT e n>aJ The dMiPenaar gian
--The:patients? plaque1samp1es:aﬁdﬁmeasurements~werezrecoréed'une week
before. &ﬁefteeth*were banded, The pH'of: the plaque: was recorded in situ,

The: plaque was then prepared for the Lactobacillus and Streptococcus

tounting '‘technique, The:last»test«ofrthefplaque»samples*was“the quantita-
tive microdetermination of carbohydrate in the plaque by using: the modifi-

¢d anthrone test,




E. The second group of data was recorded after the bands and arch wires were

The second group of plaque samples and measurements were recorded
_fouf to five weeks after the bands and arch wires were attacled to the .
teeth, ' The pH of the plaque was recorded in situ, The plaque was then

‘ ptépéred for the lLactobacillus and Streptococcus counting teqhniquei; The .

last test of the plaque samples was the quantitative microdetermination
of carbohydrate in the plaque by using the modified anthrone test.

The first group of data was recorded before the bands were placed, : |

ﬁlgped;flComparsions*were‘made between the firstjérdup»of~data and. the
second group qf‘fdéta; .The measurementsi that were compared weres. -(1). pH,
(2)  Lactobacillus content, (3) Streptococcus mitis content, £4) STy
Streptococcus salivarius content, (5) total;§tregtgceccu§feontea§,fqnd
(6) ' Carbohydrate,
_(D) pH Measurement ‘- o NESIIR PN ‘;e,pnw <u., et wmflﬂfl
The pH meter was standardized for the two electrodes by using &
. buffer of?known*pﬂ“solutionfﬁefore.each'test;; Comparative tests were made
with thé exploring (antimony - silver) electrode and the Coleman glass
_electrode in known pH solutions at 25° ¢, :The msximum variation was less
'b than 0,10 pH*uﬁlts in the rangeiof 4,0 to 7.0 pH. This variation;is come
parable with that found by Parks and Beard, $36)  Before the: Animony = .
Silver e1e¢troae~has useéAin the mouth, it was standardized with a buffer
%ﬁ«pﬂiﬁzo;’so;that reading‘could\be\méde directly on the pH scale of the

"pot entd :‘ometi_er - ele Ctmeter .




1

m.} $mhe,pH}:eagings'yere:tahgnlat various sites on the teeth, The plaque

was usually found on the buccal of the maxillary molars, lingual of the
’A"a:xi‘iuaryh lateral imism's » lingual of the mandibular molars, and the lin-
gual of Fh»e;_:m‘andimlér/, incisors, A minjmum of three readings were record-
#d for. each patient at a session, '
i+ A Coleman Metrion 1V pH meter. ﬂ{s#a used to read the pH of the patients,
The exploring electrode was specially built for this type of pH measures
ment, and Was similar to the one used by stephan % 1n 1940, 16 con-
sisted of a glass. C&}be,, ¥hxs5n, Vhicl‘i‘iwas tappered on one end: (Fig, 1),
An 4‘“?1“91‘5_-'; = §llver tip was placed at the tappered end of the tube (Fig.
2), kthexAn;;monyzg,Silver,?ipiwgsjcementedwwith;denta1~cempound;to the
end of the glass tube, A bare copper wire was Anserted- into the glass
tube and the glass tube was then filled with mercury, and the other end of
?Pe tEPerﬂasgSQaled;wkth dental compound, The exploring electrode was
then attached to the pH-meter, A standard glass calomel electrode was
used for the reference electrode, ~  «*:. ... ... o0 aoia
- The reference electrode was inserted into a. saturated: solution of
potassium chloride, The patient immersed his hand into.the potassium
c¢hloride, and the investigator inserted the tip of the exploring e‘lg_ct:,ode f
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{I)r,:{‘CQllegit\i_.ng and Weighing the Plaque -




. The plaque is placed in a Lilly No, 5 gelatin capsules, The gelatin cap~

e S B

Welght of the plaque is caloulated, === ' [

¥ﬁ§@é”ﬁfffi§§ém”bf“ﬁléque’Eo‘oné mi11iliter of water. The total’ capsule

‘a8 test tube ﬁith‘iihe:feﬁtn*of‘a*mtlltlftef‘of’scéfaié'water; The . serial

‘dftution procedure was continued until the sample was diluted ‘tb 10’
‘The selective media for streptococcl was BBL* Mitis-Salfvarius agar.  The

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

‘tubés of water was placed on the Selective stréptococcl agar: Theé ‘dample

12

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

Edles“ﬁeigh“appréximétély sixteen miliigram§“aftér they were reduced in’ '§
length, ‘The capsules were cut to reduce the welght, ‘The‘gelafih~c&péﬁiesf
were preveighted and placed into small vials which had the ﬁafieﬁfé"némé”é
on them, ' The removal of the plaque from the' teeth, and the collect&ng of
fhe plaque in the gelatin capsule requireﬂ approxlmately five minutes.

The total’ welght of the filled capsule' is then “determined, ‘and the actual
" .The plaque and ‘gelatin eapsule were Inserted into a Five mlIliliter
Vit{tfé:mic§6ﬁomogéﬁfier}bup{1’A5feédrdé67qUan1ty,ofiwater”vas“éddéd*tbf

the plaque and capstile, 'Thé”ﬁiaque to‘ﬁ%té%7ratEO'WaS'éppfOXXmaféifﬂ””*

was homogenatized'ln ‘the water' at 400 r.p.m. for five minutes,
(F) serial Diluting and Plating

‘Orie-tenth of milliliter of the homogenized sample was diluted into

-15

”ﬂ°"The plating of the ‘diluted sample was done on two different media, ©

selective medis for lactobacilli was BBL Lactobacillus Seélective Agar,®

R R

*Baltimore Biplogical Laboratories; Baltimore, Maryland




.Q,glucose-water solution was pipetted into a third test tube containing

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

was then evenly distributed on the surface of the agar by using a sterile |

right-angle glass rod., Lactobacillus selective media was heated at 212°

. F until it became molten. It .was cooled to'539,c-before>usln8. : One=tenth

: of a milliliter of the dilutgd sample was placed on the inner surface of

. A& sterile petri dish,'and the Lactobacillus selective agar was poured into

the. dish.as the dish was gently rotated, The samples.for the lactobacilli
| 3

seleqtt‘v@ agar fwe.r\e ,.taken fr’om, Loul’ 10-2’ ;10.
All of the petri dishes were:inveftédiand incubated for forty-eight hours

at 37°.c.‘,Theetotal‘§£££2£222££Lu\Streggococci mitis, Streptococcus

salivarius, end Lactobacillus colonies were counted and recorded after the |

Incubation (Fig. 3 and 4). The Streptococcus salivarius appear on mitis

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

™

LA 10-4’ and 13-5 dilutions .

®illimeters in diameter (Fig. 3)@~'The»strthOQOEQQSsQLEgﬁw&a&gangdaas
flat, non-elevated, pip pointed colonies (Fig, 3).

p(d) . Carbohydrate determination - |

.y One milliliter of homogenized sample was pipetted into a test tube.
coptaining five milliliters of anthrone sﬁIfuricvasid reagent,  One. . :
milliliter of distilled water was pipetted into . a second test t@bé;C¢ntaini
135:five.milliltters‘oﬁ~anthr0n2ssu1£u;1c,gcid reagent, One milliliter of

five milliliters of anthrone-sulfuric acid reagent. - The concentration of

of water. The test tubes were gently swirled to mix the reagents with
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the samples. The three test tubes were placed in boiling water for exact-

ly five minutes. The tubes are removed from the boiling water and placed

PR
i

in an. ice-water soiution for one minute, The spectrophotometer is set at
620 mu, The third test tube was used to calibrate the spectrophotmeter

at zéto-opﬁical‘density.‘ The first test tube was read first, and the

-second -test tube was recordedvtastwonlﬁhe~speetrdyhm@ameberk

Detetmining of the ‘carbohydrate ‘content ‘was done by a modification of
(37)

‘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 solution had & three day shelf life,

- 'Flve milliliters of the reagent solution were pipetted into a 6 %'

X 1" rimless test tube, Overlayed on the surface '6f the reagent was &

N

‘one milliliter aliquot of the solution:to be analysed, 'This'was done

carefhll& to prevent mixing of the layers. The tubes were then switledzji'

gently to mix the 'solution -and the reagent, The mixture was immediately
placed in a boiling water bath for ‘exactly five minutes, where upon it was
‘removed and cooled raplidly to room temperature, The optical 'density of

the solution was determined in a Coleman Model 6135 Jﬁnior II Spectro-

photometer at 620 mu, where méximum.absprptionvoftthe color complex

occurs,

~'With each determination, or series of“determinations, it was neces-

‘Bary to. run a blank which ‘contained one milliliter of water and a ‘stand-

ard with one milliliter of a giucose solution containing 100 mg, of




s
glucose per ml, The amountfbf“carbohydrete in the test solution in term
of glucose was calculated as followed: Carbohydrate ( as glucose) per

milliliter test solution=

‘AbsorbanceROf test solutlon - Absorbance of blank“\ »x;vtOO«
Absorbance of std glucose soln. - Absorbance of blank . 1

The relation between color deveIOpment in the reaction and glucosej
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.v

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

\’.‘

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

K

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-ﬁreen which is specific for carbohydrates.(38)

A,A 3

The only other compound which will yield a blue-areen color is furfural,

but in this case, the color soon becomes brown after a short heating

period (3 )




. There are some substances which will preduce interfering effects in
E theldeter@inationvof carbohydrate in biologival materialgr ngks(37?,
found protein and amino acids are the most usually encountered sﬁbst&nces;b,
vhich;willkpfoduce lnterferenéed* However, interference due to protein
- does not make itself felt untilAthe sugar content of/the sample falls to
;bout‘ﬁivé‘per*eent_cf the protein content, Below*thisulévellweeks s:;w
states that-clarifibation'procedures must be employed;teurempveitheﬁpro-
au ., Before the investigator used the modifieé~;nthrone technique :for!.:.
datefmining:the,carbohydratezeontentuo: the plaque.the investigator'went
through a series of trial tests with known values of glucose per milli-
liter of water;azthe test was run thrée separate times{"whe“ftfgt;ﬁestﬁ
was done with samples containing 0.02, 0.04, 0,06, 0,08, and 0,10 millin~
gram. of 'glucose per~milliliter'of'waterﬂ(Fig4 s)&
¢« The seeond test_was,Itkefthe:ﬁirststest;feééépt:for one extra best:
eample{; The extra test sample contained avs@lution*ofae:osajmilligram of
protein per milliliter water with 0,058 milligram of giucose per milliliter
water, This experiment showed that the protein at a 1 : 1 ratio with ﬁhe
carbohydrate had 1little 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 pef millilfter of water and 0,058 milligrams of

glucose per milliliter of water; The other extra sample was a solution




containing 0,275 milligféms~of gg;atin per milliliter of water and 0,045
mill}g:ams of dextrose pér millilitervﬁf water, The third experiment
showed theiprotein could be five times és concentrated ana not significant-
1y alter the accuracy of the test (Fig., 7). |
(H) ' Statistical Analysis ' , L

"' "'The data from the two groups of experiments were c¢ollécted and pre-
pared for staﬁistiégl analysis, In the experiment the same group of
patients is subjected to two different situaﬁions; The data wﬁs obtained
as two’series~of*meésuféménts“for the éame‘group of individuals, o that
thé’méasarEménts‘in each series are not indépendent of, but, iﬁ.fhcf;f;“
correlated with, each other,

‘“fThe statistical analysis of the data was done by using the "Related
or Paffed Samples" technique, The ratio of the average differénce to the
standard - error -of the average difference is t‘;_i‘ . This ratio 1s distrie-
bﬁtéd“iﬁ”theJt:;’CU£§e with (N iﬁl)‘degrees of i freedom, The t value

wésfcomputéd and checked for a 1% and 5% level of significance,

-




. CHAPTER V

.. RESULTS

'jihe-plaque samples and measurements were collected from twenty-one
patients before handing.‘ Nine of the original twenty-one patients wereh;
eliminated from the experiment due to orthodontic complications. The
samples and measurements were collected from twelve patients after the
orthodontic intervention.v; g R AR

The comparsions of the data were done on the final twel#e 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
categories 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, 11, 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 O, 4 The median pH of the .
plaque after orthodontic intervention was 0 4 more acidic than the}meanny
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.




-the~sﬁatﬁest difference,

“arch wires was 0,377 mg;lhg. of plaque, The: mean carbohydrate -contept of

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
pH measufement;r The difference was calculated for all twelve patients,
The ratio of: the average difference togthé«s@audnrdfenmnmqoﬁ»tba:avenage,

difference is t = E «"The + value was 8,36 which is statistically signi~-

‘ficant at the '1% level, |
“The results of this investigation have established thée~thexsiis a. .

¢numér1631 decreaseiinJthetpﬂtof the dental plaque following thexplacement j
*of'brthadontic'apptiaﬁceél | |
-(B)  Carbohydrate:content comparsion -

" The amount*éf total carbohydrate in the test solution wgé calculated
in terms of glucosé, The mean carbohydrate content oi the patients!
“plaque before banding of the teeth was 0,0277 mg,/mg. of plaque, _The meanf

~carbohydrate content of the plaqué one month after attaching bands and

”thébplaque'wasmO;OIOO mg,./mg, of plaque higher after attaching the bands

and arch wires for one month, |
iThé~carbohydratevéqntgnt'of the dental plaque increased,in.nige of\

“the twelvé‘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 patiént was paired with the
after carbohydrate ‘content, The difference was calculated for all twelve
patients. The + value was 2,35 vhich was not statisticéliy signifiéant at
the 1% leve15 But:if was statistically significant at the 5% level., This
investigation has. shown that. there is a statistically significant increase

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

dontic appliances. -

(C) Lactobacillus content comparsion

The mean Lactobacillus content of the plaque in the before sample was

4,35 X‘IDZ_Lacﬁobacilliﬁmg} plaque., ‘The mean lactobacillus count in the

after sample was 9,81 X 10% lactobaci11i/mg. of plaque. = The mean Lacto-

becillus count in the after sample was 9,80 X 10° lactobacilli/mg. ‘plaque
higher than the béfore sample. ‘

"/ The Lactobacillus count of the plaque increased in eleven 'of the

twelve patients after the placement of orthodontic appliances (Fig. 10),

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

The increase was 4,98 X 10°, Patfent mumber two with an incréase of 9.0
X 10! had the'émailest~1hcreasé‘in<Lactobac111ds'Eontent~tTéBre 3. ¢

" The before Lactobacillus count was statistically analysed with rese

pect' to the after Lactobacillus count, The + value was 6,33 which is

statistically significant ‘at the 1% level,

- (D) - Streptococcus content comparsion -




. Each of the stréptococci catégdries studied manifested an increase

in its population mean after thé'placemeht of orthodontic appliances

(Table 1). The Streptococcus mitis showed the greatest increase of the

‘streptococci, The mean Streptococcus mitis increase was 1;50,x;1Q;4f.J

cells/mg, of plaque.

:Tﬁamstregtgpnccus mitis content of the plaque increased in all
twelvérpaéients (Fig. 11). 'Patient'number:four‘ﬁgd.;hqA;argest increase
‘ln;Streggoceccug mitis, - Thewincrease%was‘1312\x¢1015. -Patient nunber
two with an;increase:offl;IS;x)105 had the smallest increase (ggble,3).
‘The Streptdcoccus mitis increase was statistically significant (P c\;.Q.'Q'l.):.

The Streptococcus salivarius contentféf‘the p1aque%tn¢:aasq§ in. -
‘eleven’of the twelve patients (Fig. 12), Patient number one with an
inerease of 1,16 x,10§2;had the largest increase. Patient number eight
‘Aith & .decrease of 5,8 X 107 was the only patient to have a decrease in
Stregtococcus'salivarius content (Table 3), This increase im the Strep-

’t0coccus;sa1ivariu5\was‘found\tohbe;statisticallygsignifjcant@(Pgno;Ol).

" The total streptococci content of the dental plaque increased in .
nailgtw@l?efpatients (Fig. 13).. The increases varied from 1515;; 1Q3§&to
21612 X 10 ~(Table 3). The increase in the total streptococci ‘was found
© tobe statistically significant (P<0,01), Although all bacterial cate= -
gories manifested a rise in population cOncurrent with the placement

~of appliances, the total streptpcoccicwere'found to increase by;a,farv

. greater amount than ahy other category.
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CHAPTER VI

DISCUSSION

AInkanyvéttempc-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 exit in
éhs;mauth2"  _

.,The mass of evidence which led W. D Miller‘s) to formulate the -
"chemicoparagi;;cﬁktheoryxcftcaxies«offers~aglogica1'startingapodnt‘fbr
seeking an answer to this quéstion; ‘We may summarize ﬁis findings and
theory thusi LCaries is a processgofﬁdissolutiOn of the caicium‘saltS“from
enamel and dentin- by acids, formed in the nouth by fermentation ' of’ ‘carbohy-
drateg. by bacteria lodged on tooth surfacés.u‘This process is followed by
dlﬁiutﬁgratiqntOf.thegorganic matrgx,by;protenlytictactionwdf:the’same»br
other bacteria. i tnd it than, fhos selutics

- Miller's experiments did not: simulate-beginning caries 6f: énamel
His - experiments did not: seem'to. -eXplain ‘why the acid produced on-tooth:
surfaces was not neutralized by saliva, 'To £ill this gap in'the:chemico-
parasitic theory, others conceived of a "plaque";or“"film":onfbhérﬁéotﬁ?‘
surface which confined acid to the tooth surface and prevented neutraliza-~ -
tion by saliva,

39)

- Williams(' demonstrated adherent bacterial plaques on surfaces

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

Presented evidence of "gelatinous plaques" produced by gelatinizing




23

b'ac:te'riak on those surfaces of teeth which were not éieaned,.eithert by a
brush or in mastication,’

: Kirk“:’l)« presented evidence that mucin fvas precipitated from the .
saliva to form a “mucin plaque)® . .. . .. . .o AT

: Regardless, 'twwevém -of  whether the nature of the. carzi»e&:«pst.oduc‘ing
’épigquef!' .is: bacterial,  gelatinous, mucinous,: composed of food particles

or angy ~combination of these; theoretically it. is necessary . for the. p‘lavque‘

t:o .develop a sufficient: hydrogen-ion concentration to dissolve enamel;,

in order for the carious lesion to develop,, *

i+ There have been many investigations of: the factors governing- the, o

: (4 )
;solubility’ of the enamel, ' McClelland, ~Enright, Friesell, Fosdick .

44 45 »
and. Staa:‘ke(lf?) (43> Kam:hak,( ) ‘chase‘,q(a - ) and others have all

mdicated that the hydrogen~ion concentration is:the: chief: factor: 4n. the

~solubllity of enamel 'rha evidence indicates that, in a'solution con-

taining ias muéh calcium phosphate -as saliva, the enamel will.not . i ssolve
#bove & pH of about 5.0 to 5,5, but wi 1;,1 ‘dissolve below this ﬂ%‘ﬁti&ﬁiﬁce

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 1§ dissolved in sbaginning
caries, it would seem logical that something on the enamel surface attains |
a pH 'less than 50 -'5,5, ‘The measurement of this pH is importent in..
order to determine the immediate activity of the carious process, SN
rhete"vare several Zmetho-ds“ of measuring pH, none of which .is without

sone di‘sadvantages.ﬂ
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. +'The-mierocolorimetric technic used by sfephancl-’) 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 requi‘redconsiderable‘ time ‘and pat-
ience, and therefore it was difficult to make many tests on material ‘-
from tooth surfaces at_-'one time. The material tested was removedfrom
uhemmwh, amd- enly . one measurement was possible, |
&y *‘v“EVlectroin‘e'tric‘: methods have proved applicable for répeai:ed-direct_k
measurements ‘of pH in vivo! The glass electrode has the fewest errors,

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

tooth surfaces have two serious liminatiorias 1. The electrodés dre Yery

:ragile,.aﬁd‘ehey break with slight préssure, 2. ' Their electrical resis-

‘tance 1s so high that thorough-electrostatic shielding is necessary,
‘Thus far, these limitetions have hindered their usc directly on tooth

‘surfaces. - The antimony electrode has meither or ‘these limitations, -

(36) ‘ : : .
v Parks -and’ Beard - have ‘shown ‘that ‘a polished stick electfode, in

| . the presemce of air, ond with a vacuum tibe potentiometerselectometer

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

tical Nernst equation from pH 2-7 at 25° C., the greatest diviation bei’ "
+ Te R, Ball” 7. showed that an antimony sulfide electrode functions’

between PH 1i8 pH 10, with results reproducible to 0,09 pH unit, Citrates

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




aﬁdw0;5 molar’ sodium nitrote were without~eifectf - o e

 For many years acids produced by microorganisms have been considered
a causative factor of dental caries; in fact ‘even today this theory ine
fluences dental caries research to a very great extent, It seems reasgon-
Able-t0>assumecthat,‘if,itfis correct, the acidity could be measured, the -
pH: determined, and:a £a11~inhpﬂﬁuoéthewcvicicakxpugor;beyonﬁ%shnuldmbe;;
demonstrated in*donﬁalxplaqueiorain caniouswcaviuies;#;e;;{xu

%:,“Thévcariesuxesearch done on gnotobiotic rats by.Orland(24)w1954u

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

tained on diets which are cariogenic for their conventional counterpart.,

2 7) 1960.-demonstrated the etiologic role of streptococeci in:

, 47
experimental caries:in the hamster, . Recently, Orland( ) 1964 reportod

Fitzgerald

thatnoral'laotobaciilifofshuman origin became cariogenic:for rats atter
beingxnaintainedoin*ehreensuccessivé‘geueration:ofagnotobiotioaraus. The
active role of lactobacilli-and streptococeci in dental caries: was one: -of
the reasons for selecting. these microorganisms to be: measured.in, the ‘€KX~
periment. T B T A S T e Al
The{Anghor's exporiment«shOWedfthat 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 tolerattngrin:




~this resﬁect,.omtsi1and‘Kbﬁdo(aa)?fdﬁnd*thatvplacing a plastie plate - on

: !31__7
character; The quantit@ttveiiﬁérease‘in’carbohydrate content provide
these bacteria with more substrate for degradation.

Theldatawfram the experimént showed that both the streptococciﬂand
the lactobacilli content of the plaque had a quantitative inereés&}A It
i1s quite conceivable that the Inherent irregularities of fixed orthedoritic
appliances eouldg~inAgeaewal,ipravide,additionaLAsurfaegs féruuh‘+c611ect-'
tion and retention of food debris, These additional surfaces would con-.

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

the' palate increase the number oﬁ lactobacilli within a few days, They:
postulated that fermentation areas can lead to an increase in lactobaeflli‘
e {4 !s a well known fact that lactobacilli grows better in an acldic ‘

méﬂiuﬁ;~”It“is%possible&thﬁtfthehincreaSG in  streptococé! content witl
provide a more aﬁtdichplaqne;'whieh will be a’better medlum for the -
growth of -lactobacilli, The inc¢rease in the carbohydrate content of the
plaqué\wili'provide a more suitable énvironmeﬁt‘foristreptuaOé%i; ﬁhiéhz¢
in turn provides a moféféditable‘énvir&nment*for¥the“lactobacktltéfﬁ*f?u
H;rfison(zo)‘in a studérof dentdl‘plaque~from‘cqrious teethnhiwﬁysfﬁonn& |
a¢1d producing and acid tolerating streptococcl with lactobacilli,’

i Kocomparsion wﬁsrmade of the lactobacilli and streptococci content
of the plaque with the pH of the plaque, ‘There was an increase in lactow
baecilll ‘and stréptococéi:COntent 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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gnﬁup,%but the individual samples were postitively related, The resson .
that the -group did not show a.linear relationship was due ta the tremene:
déus‘Variayion in increase of bacteria content with a small;change.tnxpﬂk
Tﬁé.orthodontic appliances tend to enhance bacterial growth by,
providing a more suitable environment for bacterial activity and thereby
suhéeﬁﬁ&n&wbhe~qrul.env&ronmentxto imbalance and possible: disease, It
‘isxgéneraiLYfrecognized that cariogenic:bacteria‘ara;ablgf€O%initiatejthe
formation of dental plaque for it has been a consistent finding that
animals harbouring cariogenic bacteria develop hdcterla plaque whereas
lHttle or none accumulates in animals harbouring none-cariogenic -bacteria

27) (28)

Keyes(zé)gl960.uFitzgerald ~and Keyes, 1961, Gibbons ' ‘et al, 1966,

Cersson(ég)andaEgelbery1965-observed«thatrsucrose'stimulates plague
ﬁgnmaﬂianxin‘man;r~it,is~pOssib1é-that;the increase .of food debris in .
Eheﬂarea;could*aid,the bacteria in.producing‘éental‘piaque; 5nd the new
plaque could have higher carbohydrate content,

Cel fhe“modified'anthrone test for‘ﬁhe carbohyarate content: -of rthe plaque
appearsigo be very valuable.-,The'testfdetermined‘theﬁtotal carbohydrate : -
content of ‘the plaque #ith;fewflimitationsd The test is accurate.to .one
millionth of a gram,. The accuracy is‘not_altered to;any~appr¢»iab1enexm

~tentun,less the>reag§nt~is over three days old. R S R
‘it is importent to note .that there is a quantitativevinemease'oﬁfthea
qarbohydrate.eontent~of«the plaques It is obvious that there is an in~

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




total bacteria count, The increase in carbohydrate content could bg due

to an increase in dextran which is believed to be the matrix material for |

dental plaque according to Gibbons, The Increase in carbohydrate content
codid also ‘be dueyéo an increase in unattached‘substrate§~oﬁ*both,anﬁin-
crease In dextran and substrate, |
"~ The caibohydrate»content“of~the1piaqueainendasedfcnwehe%average~by
&0”per“céﬁtfafter théﬁdtéhdﬁontic !nterventiqn. ‘Eastoe and Bowen 1967
showed‘ﬁhatﬂwhenla,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;fijﬁgss}ﬁafterf
20-minutes., Whereas the absolute significance of the: measuxed pH near
tooth surface must be interperted with caution, it is’ considered that

theseaméasurements'providevclear‘evidence?for the'prodnction of  sube

sbantial Quantities of acid‘at these'sities andstrongly: suggests its: part‘

fcapation in the development. of: the carious lesions.»

It appears: from the results of the experiment that the :dental ‘plaque
must have an increase in carbohydrate content before there -ig an’ 1ncrease
in acidity or:-bacteria content, The“alteratton of theé oral envirdnment is
primarly that of increasing the food debris in the dental area due’ to- .

ﬁ, fixed-orthodontic appliances, The increase in bacteria,and the:incréﬁgef
of acidity of the plaque can increase the carious activity in the orai»
cavity, Itrappears‘that‘this'chainVof5event3'cou1d:bevretanded'By insti-
gating :good oral hygiéne in these patients.  Proper oral hygiene“woﬁld

eliminate the excessive food debris, and the bacterial environment would




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 wlth respect to measurement made before and

“f

after orthodontic intervention, but there was no linear relationship
between the two due to the large varlation of bacteria with a simul-
taneous snall change in carbohydrate.u \

It is important to note that in this experiment the measurenents M
él uere of the concentration of the carbohydrate and the concentration of
the bacteria in the plaque. Pacsed organism (solid bacteria) at the
bottom of a centrifuged tube show a concentration of 2 3 X 10 /Mg.

This value is approxlmately the same as the plaque measurement after

orthodontic intervention. The results would indicate that there ls leSn

- other material and more bacteria and carbohydrate in carious plaque, B

| i Ie 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 annortho-
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 plaque were(all

.+ CHAPTER VI
’ smMARY |

‘A comparsion of the quantiative changes of the dental plaque of
twelve patients, before and after orthodontic treatment, was made. The
four microbial populations were,measured by plating‘measuredeet~plaqoe
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-sulfurlc acid tesL.

The follow1ng results were obtainedz B N
(1) The pH of the dental plaque became more acidic after the»pleeement
of orthodontic appliances. (2) The carbohydratercontent of the plaque ‘in-

creased by 4OA after th orthodontzc intervention. (3) The Lactobacillust..

Streotoc0c4;§ itig, Streptococcus salivarius, and tetal sgggggcoccus
quantiative counts showed a numerical increase after the placement of

Ea% S """’"‘s?‘” ‘1“‘.'.‘]; T

ortnodontzc appliances. (&) The changes in the pH measurement, carbohy-

statistically signiaieant. ,”"
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Fig., 1 GLASS EXPLORING ELECTRODE

Fig, 2 CLOSE UP VIEW OF ANTIMONY-SILVER TIP
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Fig, 3 STREPTOCOCCUS MITIS AND STREPTCCOCCUS SALIVARIUS CON MITIS~

SALIVARIUS AGAR,

Fig. & LACTOBACILLUS ON LACTOBACIILI AGAR.
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Fig. 5 Linear 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 solutjon of 0,058 mg, pro=-
tein/ml, water and 0,058 mg, carbohydrate/ml, water
was checked, indicated by (x),
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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).




mg, of carbohydrate / mg., of plaque
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Fig, 9 The carbohydrate. content of the dental plaque
before and after banding (as based on Table 3),

41




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

LOGARITHMIC VALUES TO BASE 10
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Fig, 12 The Streptococcus salivarius counts logarithmically
expressed (as based on Table 3),
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Fig., 13 The total Streptococcus counts logarithmically
expressed (as based on Table 3),




'TABLE 1

MEAN PLAQUE CONTENT MEASUREMENT PER MG OF PLAQUE

pH

Mg of
Carbohydrate

Lactobacillus

Count

-Streptococcus

mitis count

Streptococcus

Salivarius
Count

‘BEFORE

6.8

0.0277

4.35(10)2

2.28(10)7

' 7
2,92(10)

AFTER

6.4

0.0377

4L
9.81(1C)

1.51(10) 14

1,81¢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

e

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

Lactobacillus
count

Streptococcus

mitis count

Streptococcus

salivarius
count

Total
Streptecocci

frs

N.S, .
3,33(10)3

2.13(10;4
1.17¢10)12

2.54(1022
2.15¢10) 11

2.20(101A

1.38(10)

N

O O
. 8
W O

0,0267
0,0197

N.S
9.0(10)l

3,07(10)°

4,20(10)°

4.20(10)%
4.50(10)°

5

3.49(10)5

4,65(10)

Iw

6.70
6.1

0.0256
0,0329

N.S
4.,99(10)3

&.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

Bafore
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)2 N, S, N. S, Before
count 4,50(10) 1.68(10) 6,60(10) After
Streptococous 2.68(1015 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(1027 1.61(10)3 Before
streptococci 1120015 1.63010)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
mg of 0, 0504 60,0310 0.0216 Before
Carbohydrate 0.0715 0.0414 0.0317 After
Lactobacillus N'SQ N;S2 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)3 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(10?7 1.27(1028 Before
streptococci 2.34(10) 1,55¢10)12  3,15(10)12 After




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

mg of
Carbohydrate

Lactobacillus

count

Streptococcus

mitis count

Streptococcts

salivarius
count

Total
streptococci

0,0292
0,0165

3.10(10)2
5.00(10)

1.55(10)%
1.92(10)7

1.27(10);
1.28(10)

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
3.37(10)

7.10
6.90

0,0200
0,0368

6.77(10)}

5.25(10)3

8.71(10>g
&.43(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
Aftex

Before
After
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