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A B S T R A C T  

Objective : His to log i cal fea tures of oral in flam ma tion in clude in fil tra tion of poly mor phonu clear leuko cytes 
[PMN], how ever stud ies have not ex am ined the ef fects of in ter ven tions mit i gat ing in flam ma tion on oral PMN. 
Meth ods : This dou ble - blind clin i cal study ex am ined the ef fects of rins ing with mouth washes for mu lated with 
chlorhex i dine [CHX], an in gre di ent widely uti lized in the den tal clinic in com par i son to a con trol on oral PMN 
rep re sent ing a novel mea sure of in flam ma tion. A con cur rent eval u a tion of den tal plaque and gin gi val in flam - 
ma tion us ing widely ac cepted clin i cal in dices was in cluded in the study. The study en rolled adult sub jects pro - 
vid ing in formed con sent, met study cri te ria and reg is tered gin gi val in dex scores of 1.0 or more at the screen - 
ing visit. Sub jects [n  =  90; age range 19 – 58 years] com pleted a washout phase prior to base line eval u a tions 
for PMN and clin i cal as sess ments for den tal plaque and gin givi tis. Treat ments [CHX or a con trol mouth wash] 
were ran domly as signed to sub jects for twice - daily use for the next two weeks. Post - treatment eval u a tions sim - 
i lar to base line were con ducted af ter one and two week use of as signed treat ment. Re sults : At base line, no sta - 
tis ti cally sig nif i cant dif fer ences be tween treat ment groups for PMN or clin i cal in dices for den tal plaque or gin - 
givi tis were noted. Rins ing with CHX demon strated sig nif i cant re duc tions for PMN and den tal plaque, gin givi - 
tis in com par i son to the con trol group. Af ter one and two week use of CHX, PMN demon strated a 35.9% and 
54.9% re duc tion re spec tively in com par i son to the con trol group rep re sent ing sig nif i cant dif fer ences 
[p  <  0.05]. At the one and two week post - treatment eval u a tions, rins ing with CHX demon strated 15% and 
25% re duc tions in gin givi tis re spec tively and were sig nif i cantly dif fer ent from the con trol [p  <  0.05]. Rins ing 
with CHX also demon strated sig nif i cant re duc tions in den tal plaque of 15% and 19% at the one and two - week 
post - treatment eval u a tions re spec tively in com par i son to the con trol [p  <  0.05]. The CHX group also demon - 
strated re duc tions in in ter prox i mal scores and reg is tered the low est fre quency of gin gi val in dex or den tal 
plaque scores on all oral sur faces. Con clu sions: Re sults out line an ob jec tive ap proach to eval u ate oral in flam - 
ma tion demon strat ing a large and sus tained re duc tion in oral PMN by CHX with these out comes nu mer i cally 
higher than a clin i cal in dex eval u at ing gin givi tis. 

1 . Introduction 

Gin givi tis, an in flam ma tion of the gums and tis sues that sup ports 
the teeth is a com monly re ported con di tion with a wide spread preva - 
lence [ 1 ]. The in cep tion and pro gres sion of gin givi tis is at trib uted to 
the nat ural for ma tion of den tal plaque com pris ing large den si ties of 
en doge nous oral or gan isms lead ing to the ac cu mu la tion of their 
metabo lites and by - products with in flam ma tory po ten tial [ 1 , 2 ]. Ef fec - 
tive oral hy giene re duces ac cu mu lat ing den tal plaque and other in - 

flam ma tory com po nents and may re verse the symp toms as so ci ated 
with gin givi tis. 

Chlorhex i dine [CHX], a cationic bis biguanide with an ti sep tic fea - 
tures is ex ten sively used in med i cine and surgery [ 3 , 4 ]. Based on the 
avail able ev i dence, CHX is widely re garded as a gold - standard. No - 
table fea tures of CHX are its rec og nized safety and sta bil ity while de - 
liv er ing an tibac te r ial ef fects for a sus tained pe riod due to its sub stan - 
tiv ity on oral sur faces [ 5 ] with sub stan tial re duc tions in den tal plaque 
and gin gi val in dex scores. 
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Tis sue in flam ma tion is char ac ter ized by his to log i cal fea tures that 
in clude rapid in fil tra tion of neu trophils [ 2 , 6 ] and are re ferred to as 
first re spon ders. Es ti mates sug gest about 1 bil lion neu trophils are pro - 
duced per day per kilo gram of body weight [ 6 ] rep re sent ing the most 
abun dant leuko cyte pop u la tion with ef fec tor func tions on mu cosal 
sur faces. Dur ing oral in flam ma tion neu trophils [ 7 ] form a bar rier be - 
tween the plaque and the gin gi val tis sue and wall off the grow ing mi - 
croor gan isms [ 2 ]. Fol low ing ex trava sa tion, neu trophils [PMN] ac cu - 
mu late in oral flu ids with ap prox i mately 80% re tain ing vi a bil ity for a 
short du ra tion [ 8 ]. Non in va sive ap proaches to eval u ate oral neu - 
trophils in health and pe ri odon tal dis ease have been re ported [ 9 – 13 ]. 
Sur veys in di cate that oral PMN in crease from health to gin givi tis with 
the high est num bers noted in pe ri odon tal dis ease (un pub lished data) 
re flect ing a re la tion ship with the oral in flam ma tory bur den. How ever, 
the ef fects of in ter ven tions that mit i gate gin gi val in flam ma tion on the 
num bers of oral PMN re main un known. The aim of the pre sent was to 
ex am ine the ef fects of daily oral hy giene that in cluded a CHX and a 
flu o ride mouth wash on oral neu trophils as a novel and ob jec tive mea - 
sure of in flam ma tion to ex am ine treat ment re lated changes. Con cur - 
rent as sess ments of clin i cal pa ra me ters of den tal plaque and gin givi tis 
were in cluded rep re sent ing widely ac cepted mea sures to eval u ate the 
ef fects of in ter ven tions. 

2 . Materials and methods 

2. 1 . Study design 

This sin gle site, two - week par al lel de sign study was dou ble - blind 
with ran dom ized treat ment as sign ment that en rolled healthy vol un - 
teers. The study pro to col was ap proved by the ethics board of the 
SDM Den tal Col lege and Hos pi tal, Dhar wad, In dia, prior to study en - 
roll ment and con ducted at the den tal clinic of the Den tal Col lege. 

Vol un teers of ei ther gen der from the lo cal area who ex pressed an 
in ter est in study par tic i pa tion were in vited to the den tal clinic for a 
screen ing visit and al lot ted a unique iden ti fi ca tion num ber. Par tic i - 
pants who vol un tar ily com pleted an in formed con sent form and con - 
sented to study par tic i pa tion were screened for study el i gi bil ity. The 
study den tist com pleted an oral ex am i na tion that in cluded the en tire 
den ti tion, the tongue, palate and all soft tis sue re gions with these as - 
sess ments con ducted un der con stant light ing con di tions. A med ical 
his tory was taken and a whole mouth as sess ment of den tal plaque and 
gin givi tis con ducted on evalu able teeth us ing the Turesky - 
Modification of the Quigley Hein In dex [ 14 ] and Loe - Silness [ 15 ] In - 
dex re spec tively. Study el i gi bil ity was re stricted to those of ei ther gen - 
der be tween the age of 18 – 70 years and pre sented atleast 20 nat ural 
teeth. Sub jects in good gen eral health and reg is ter ing den tal plaque 
scores equal to or greater than 1.5 and gin gi val in dex equal to or 
greater than 1.0, were en rolled. Sub jects with den tures, or tho don tic 
bands were ex cluded. Ex clu sion cri te ria in cluded preg nancy or breast 
feed ing, sys temic dis eases, on go ing or sched uled med ical or den tal 
treat ments dur ing the study pe riod. Those re port ing med ical or den tal 
treat ments or med ica tions in clud ing an tibi otics or anti - inflammatory 
treat ments in the month pre ced ing study screen ing or en roll ment in a 
clin i cal study in that du ra tion were ex cluded. Other ex clu sion cri te ria 
in cluded those re port ing al ler gies to oral hy giene for mu la tions, a his - 
tory of drug or al co hol abuse or with ob jects that pierce the lips of 
tongue. Sub jects un able to re frain for upto 4  h from food and wa ter 
were also ex cluded. Par tic i pants who sat is fied the study in clu sion and 
ex clu sion cri te ria were en rolled and pro vided a tube of com mer cially 
avail able flu o ride tooth paste [Col gate Den tal Cream, Great Reg u lar 
Fla vor, New York, NY] and a com mer cially avail able soft bris tled 
tooth brush [Col gate Ex tra Clean, New York, NY] for use dur ing the 
one week washout phase. Sub jects were in structed to brush their en - 
tire den ti tion twice daily once in the morn ing and in the evening with 
the pro vided washout ar ti cles. Sub jects were also in structed to not 

share any test re lated ar ti cles with any one and only use the pro vided 
clin i cal sup plies for the study du ra tion. 

Af ter com plet ing the washout phase, sub jects re frained from oral 
hy giene for 12  h prior to their sched uled base line visit at the den tal 
clinic. Sub jects were pro vided ster ile saline to rinse their mouth for 
30  s. These sam ples were ex pec to rated into tubes la beled with unique 
sub ject iden ti fiers and trans ported to the lab o ra tory for mi cro scopic 
analy sis for PMN as de scribed in sec tion be low. A den tal ex am iner 
con ducted an as sess ment of den tal plaque and gin givi tis. 

Sub jects were ran dom ized and is sued their treat ments that com - 
prised a com mer cially avail able flu o ride mouth wash [Col gate Flu o ri - 
gard, New York, NY; hence forth con trol] or a mouth wash for mu lated 
with 0.12% CHX [Col gate Pe ri oG ard, New York, NY; hence forth test]. 
All treat ments were over wrapped and is sued a unique code. To main - 
tain blind ing, ran dom iza tion and prod uct dis pen sa tion were con - 
ducted by study per son nel who had no role in any other study re lated 
ac tiv i ties with these ef forts sched uled in an area sep a rate to that in 
which clin i cal as sess ments were con ducted. All sub jects were pro - 
vided an iden ti cal tube of com mer cially avail able flu o ride tooth paste 
[Col gate Den tal Cream, Great Reg u lar Fla vor, New York, NY] and a 
com mer cially avail able soft bris tled tooth brush and in structed to use 
al lo cated prod ucts twice daily for the 2 week du ra tion of the study. 
Sub jects in structed to brush their teeth twice daily with as signed 
tooth paste and then rinse for 30  s with 15  ml of as signed mouth wash. 

Post - treatment eval u a tions were con ducted af ter one and two 
week use of as signed treat ments and were iden ti cal to those con - 
ducted dur ing the base line visit. Sub jects re frained from oral hy giene 
for 12 - h prior to their vis its. Oral sam ples were eval u ated for PMN in 
the lab o ra tory and a den tal ex am iner con ducted clin i cal eval u a tions 
for den tal plaque and gin givi tis. A com plete oral ex am i na tion that in - 
cluded ex am i na tion of the en tire den ti tion, the tongue, palate and all 
soft tis sue re gions was con ducted by a den tist at all vis its. Prod uct 
com pli ance was checked dur ing vis its and sub jects in ter viewed for ad - 
verse events. At the fi nal visit, sub jects re turned all study ar ti cles to 
the study site. 

2. 2 . Clinical measurements 

Sub jects were as sessed for den tal plaque and gin givi tis on all 
scorable teeth dur ing all vis its. Analy sis of mouth wash ef fi cacy was 
based on scores av er aged over all sites of scorable teeth. A pri mary 
out come mea sure was the gin gi val in dex [Loe - Silness In dex [ 15 ]; as - 
sess ment us ing a 3 point scale on 6 sur faces per tooth: (1) mesio - facial; 
(2) mid - facial; (3) disto - facial; (4) mesio - lingual; (5) mid - lingual; and 
(6) disto - lingual. The max i mum score per tooth, there fore, is 18. 
Third mo lars and those teeth with cer vi cal restora tions or pros thetic 
crowns were ex cluded from the scor ing pro ce dure. A Loe - Silness Gin - 
gi val In dex score from 0 to 3 was as signed by the ex am in ing den tal 
ex am iner to all score able sur faces of the max il lary and mandibu lar 
teeth us ing a den tal light and den tal mir ror. A whole mouth mean 
score for each sub ject was de ter mined by adding the val ues given by 
the den tal ex am iner to each scorable sur face and di vid ing that num - 
ber by the to tal num ber of sur faces scored. The Loe - Silness cri te ria for 
the Gin gi val In dex is as fol lows: 

0 Absence of inflammation. 
1 Mild inflammation - slight change in color and little change in 

texture 
2 Moderate inflammation - moderate glazing, redness, edema and 

hypertrophy. Tendency to bleed upon probing 
3 Severe inflammation - marked redness and hypertrophy. Tendency 

to spontaneous bleeding. 

An ad di tional pri mary out come mea sure was a whole mouth 
plaque ex am i na tion based on the Turesky Mod i fied Quigley - Hein 
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plaque in dex [ 14 ]. Den tal plaque was dis closed us ing a red so lu tion to 
dye the plaque and all scorable sur faces of the max il lary and 
mandibu lar teeth will be eval u ated. A score from 0 to 5 was eval u ated 
by a den tal ex am iner for all score able sur faces of the max il lary and 
mandibu lar teeth us ing a den tal light and den tal mir ror. Each tooth 
was scored on six sur faces: (1) mesio - facial; (2) mid - facial; (3) disto - 
facial; (4) mesio - lingual; (5) mid - lingual; and (6) disto - lingual. The 
scor ing pro ce dures ex cluded third mo lars and teeth with cer vi cal 
restora tions or pros thetic crowns. A whole mouth mean score for each 
sub ject was de ter mined by adding the val ues given by the den tal ex - 
am iner to each scorable sur face and di vid ing that num ber by the to tal 
num ber of sur faces scored. The Turesky Mod i fi ca tion of the Quigley - 
Hein Plaque In dex is as fol lows: 

0 no plaque 
1 separate flecks of plaque at the cervical margin of the tooth. 
2 a thin continuous band of plaque (up to 1  mm) at the cervical 

margin of the tooth. 
3 a band of plaque wider than 1  mm but covering less than one - third 

of the crown of the tooth. 
4 plaque covering at least one - third but less than two thirds of the 

crown of the tooth. 
5 plaque covering two - thirds or more of the crown of the tooth. 

2. 3 . Oral PMN estimations 

PMN es ti ma tions in oral sam ples were based on pre vi ously de - 
scribed pro ce dures [ 9 , 13 ] with a few mod i fi ca tions. In brief, oral sam - 
ples were briefly cen trifuged and the pel let re sus pended in an aliquot 
of fresh buffer. Sam ples were stained with acri dine or ange and the 
num ber of PMN es ti mated us ing a flu o res cence mi croscopy with sam - 
ples placed in a Neu ber's cham ber. These eval u a tions were con ducted 
im me di ately af ter sam pling in an ad ja cent lab o ra tory with re sults that 
could be rapidly re layed chair - side. 

2. 4 . Sample size calculations and statistical analysis 

Sam ple size cal cu la tions for this study were based on his tor i cal 
data of gin gi val in dex scores as the re sponse mea sure with a stan dard 
de vi a tion of 0.3. Fifty (50) sub jects en rolled per treat ment group 
would al low de tec tion of a 10% dif fer ence in gin gi val in dex scores be - 
tween treat ment groups at 80% power with a 15% at tri tion rate over 
the study du ra tion. 

At each time point of the study, de scrip tive sta tis tics were sep a - 
rately com puted for each treat ment group that in cluded sub ject age 
and gen der with analy sis con ducted for sub jects who com pleted the 
en tire study and pro vided evalu able re sults. Fre quency dis tri b u tions 
for den tal plaque and gin gi val in dex scores at each eval u a tion were 
com puted. Sum mary sta tis tics were cal cu lated for the test and con trol 
groups along with mean scores for each out come mea sure. Chi - square 
analy sis and an analy sis of vari ance (ANOVA) com pared the two 
treat ment groups with re spect to de mo graphic re sults and sub ject age 
re spec tively. Sta tis ti cal analy ses were con ducted for PMN, gin gi val 
and plaque in dex scores at base line and each post - treatment eval u a - 
tion. Re sults of poly mor phonu clear leuko cytes (PMN) recorded as 
counts per mil li liter were log trans formed (log 10 ) for analy sis with 
per cent dif fer ences be tween treat ment groups de ter mined as re ported 
pre vi ously [ 16 ]. An analy sis of vari ance (ANOVA) com pared base line 
scores for PMN, gin gi val and plaque in dex scores be tween treat ment 
groups. Within - treatment com par isons from base line to each post - 
treatment eval u a tion for PMN, gin gi val and plaque in dex scores were 
con ducted by paired t - tests. Com par isons of treat ment groups with re - 
spect to base line - adjusted PMN, gin gi val and plaque in dex scores to 
all post - treatment ex am i na tions were con ducted by analy ses of co vari - 
ance (AN CO V A's). All sta tis ti cal tests of hy pothe ses were two - sided 

with sta tis ti cally sig nif i cant re sults re ported at α  =  0.05. Post - hoc sta - 
tis ti cal analy ses were con ducted for sta tis ti cally sig nif i cant re sults. 
Analy ses were com pleted us ing com mer cially avail able sta tis ti cal soft - 
ware (Minitab, State Col lege, PA, USA). 

3 . Results 

The pop u la tion screened, eval u ated for study en rol ment and sub - 
ject flow through the study is pre sented in the CON SORT di a gram 
[ Fig. 1 ]. One - hundred and twenty sub jects who com pleted their vol - 
un tary in formed con sent were sched uled to visit the den tal clinic for a 
screen ing ex am i na tion con ducted by a den tist to eval u ate study el i gi - 
bil ity. Nine teen sub jects were ex cluded dur ing the screen ing visit with 
15 not meet ing study cri te ria and 4 de clin ing study par tic i pa tion. One 
hun dred and one sub jects met study cri te ria and were en rolled in the 
study and com pleted the washout phase with a com mer cially avail - 
able flu o ride tooth paste. Fol low ing the washout pe riod, sub jects ar - 
rived at the den tal clinic for their base line eval u a tions. 49 sub jects 
and 52 sub jects were ran dom ized to the con trol and the test groups 
re spec tively and is sued their treat ments. Over the study pe riod, 11 
sub jects dis con tin ued study par tic i pa tion with these drop - outs un re - 
lated to study pro ce dures or prod ucts. Most of these sub jects were lost 
dur ing fol low - up due to missed ap point ments. A to tal of 90 sub jects 
com pleted the study with 45 sub jects pro vid ing evalu able re sults from 
both the con trol and the test groups. No ad verse events were re ported 
by the sub jects or den tal ex am in ers over the study pe riod. Shown in 
Table 1 is a sum mary of de mo graphic char ac ter is tics. Sixty eight 
women and twenty two men com pleted the study with an age range 
of 19 – 58 years and an av er age age of 34.37 years. Analy sis in di cate 
that the mean age in the con trol and test groups were 34.67 and 
34.07 years re spec tively with no sig nif i cant dif fer ences by ANOVA 
(p  >  0.1). Sim i larly, there were no sig nif i cant dif fer ences be tween the 
two treat ment groups for gen der by chi - square analy sis (p  >  0.1). 

Re sults from the clin i cal eval u a tions con ducted over the study pe - 
riod from sub jects who com pleted the en tire study is pre sented in 
Tables 2 – 4 . Table 2 pro vides a sum mary of re sults as mean and SD 
from all eval u a tions con ducted twelve (12) hours af ter oral hy giene. 
Av er age base line scores for oral PMN in the treat ment groups were 
5.4 with treat ment groups record ing av er age gin gi val in dex scores of 
1.4 and den tal plaque in dex scores of 2.6  at base line. Base line scores 
for gin gi val sever ity, plaque sever ity or in ter prox i mal mea sures in di - 
cate no sig nif i cant dif fer ences be tween treat ment groups (p  >  0.1). 
Analy ses in di cate no sig nif i cant dif fer ences be tween treat ment groups 
for any recorded clin i cal out come (p  >  0.1) but pro gres sive re duc - 
tions in post - treatment scores over the study pe riod. 

Analy sis of the one - week post - treatment re sults is pre sented in 
Table 3 . All treat ments demon strat ing sig nif i cant re duc tions from 
their cor re spond ing base lines for clin i cal out comes eval u ated 
(p  <  0.001). Analy sis by AN COVA com par ing the two treat ment 
groups in di cates sig nif i cant greater re duc tions in the test group in 
com par i son to the con trol (p  <  0.001). Base line - adjusted PMN scores 
for the test and con trol were 5.235 and 5.428 re spec tively rep re sent - 
ing a sta tis ti cally sig nif i cant dif fer ence of 35.9% be tween the treat - 
ment groups (p  <  0.001). At the one - week post - treatment eval u a tion, 
the gin gi val in dex scores for test and con trol groups were 1.15 and 
1.36 re spec tively for a 15.4% dif fer ence be tween treat ments 
(p  <  0.001). Plaque in dex scores for the test and con trol were 1.96 
and 2.33 re spec tively af ter one - week use of as signed test treat ments. 
A sig nif i cant dif fer ence of 15.9% in den tal plaque scores were ob - 
served with lower plaque lev els ob served in the test group in com par i - 
son to the con trol (p  <  0.001). Gin gi val and plaque sever ity scores 
amongst the test were 37.5% and 31.3% re spec tively and sig nif i cantly 
lower than the con trol (p  <  0.001). Ad di tion ally, the test demon - 
strated a sig nif i cantly lower in ter prox i mal gin gi val in dex and den tal 
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Fig. 1 . CON SORT 2010 flow di a gram. 

Table 1 
De mo graph ics of sub jects who com pleted the en tire study. 

Total Control Test 

 n  =  90 n  =  45 n  =  45 

Age 
Mean (SD) a 34.37 (9.62) 34.67 (9.97) 34.07 (9.36) 
Age Range 19 – 58 20 – 58 19 – 56 
Gender b 

Male n  =  22 n  =  11 n  =  11 
Mean (SD) 34.82 (11.72) 36.45 (12.68) 33.18 (11.04) 
Age Range 19 – 56 22 – 55 19 – 56 
Female n  =  68 n  =  34 n  =  34 
Mean (SD) 34.22 (8.93) 34.09 (9.07) 34.35 (8.92) 
Age Range 20 – 58 20 – 58 21 – 55 
a No significant differences between treatment groups for age by ANOVA 

(p  >  0. 1). 
b  =  No significant differences between treatment groups for gender by chi - 

square analysis (p  >  0. 1). 

plaque scores of 11.8% and 15.5% re spec tively in com par i son to the 
con trol (p  <  0.001). 

Shown in Table 4 is a sum mary of the analy sis of re sults from the 
two - week post - treatment eval u a tions. Both treat ment groups demon - 
strated re duc tions from their cor re spond ing base line by paired t - tests 
for each eval u ated out come mea sure (p  <  0.001). The test group 
demon strated sig nif i cantly greater re duc tions than the con trol by AN - 
COVA for PMN and the clin i cal in dices eval u at ing gin givi tis and den - 
tal plaque (p  <  0.001). Base line - adjusted PMN scores for the test and 
con trol were 5.07 and 5.41 re spec tively rep re sent ing a sta tis ti cally 
sig nif i cant dif fer ence of 54.9% be tween the treat ment groups 
(p  <  0.001). Gin gi val in dex scores for the test and con trol were 0.96 

Table 2 
Sum mary of sub ject Mean (SD) for Poly mor phonu clear (PMN) Leuko cytes and 
den tal plaque, gin gi val in dex scores at all ex am i na tions for sub jects who com - 
pleted the en tire study. 

Parameter Treatment Baseline Mean 
(S.D) a 

1  Week 
Mean (S.D) 

2  Week 
Mean (S.D) 

PMN leukocytes 
(log 10 Count/ml) 

Test 5.474 (0.193) 5.247 
(0.192) 

5.082 
(0.212) 

 Control 5.450 (0.214) 5.417 
(0.214) 

5.404 
(0.221) 

Gingival Index Test 1.47 (0.29) 1.150 (0.21) 0.96 (0.23) 
 Control 1.46 (0.25) 1.36 (0.25) 1.28 (0.24) 
Plaque Index Test 2.64 (0.5) 1.964 (0.59) 1.75 (0.55) 
 Control 2.65 (0.47) 2.33 (0.44) 2.17 (0.44) 
Gingival Severity Test 0.37 (0.18) 0.20 (0.15) 0.10 (0.13) 
 Control 0.38 (0.17) 0.32 (0.17) 0.28 (0.18) 
Plaque Severity Test 0.42 (0.17) 0.22 (0.17) 0.19 (0.16) 
 Control 0.42 (0.17) 0.33 (0.16) 0.30 (0.16) 
Gingival Interproximal Test 1.48 (0.28) 1.20 (0.18) 1.07 (0.17) 
 Control 1.47 (0.25) 1.36 (0.24) 1.29 (0.23) 
Plaque Interproximal Test 2.68 (0.5) 2.01 (0.59) 1.80 (0.54) 
 Control 2.68 (0.5) 2.38 (0.43) 2.23 (0.45) 
a No statistically significant difference was indicated between the two 

treatment groups at baseline with respect to PMN leukocytes (log 10 Count/ ml) 
samples ( p  =  0. 576); gingival index ( p  =  0. 952); plaque index ( p  =  0. 773); 
gingival severity ( p  =  0. 754); plaque severity ( p  =  0. 916); gingival 
interproximal ( p  =  0. 884); plaque interproximal ( p  =  0. 939). 

and 1.28 re spec tively rep re sent ing a 25% dif fer ence be tween treat - 
ment groups (p  <  0.001). At the two - week as sess ment, plaque in dex 
scores for the test and con trol were 1.75 and 2.17 re spec tively. A sig - 
nif i cant dif fer ence of 19.4% in den tal plaque scores were ob served be - 
tween the treat ment groups with lower scores reg is tered with the test 
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Table 3 
Sum mary of base line - Adjusted Sub ject Mean (SE) for Poly mor phonu clear 
(PMN), Gin gi val and Plaque In dex, Gin gi val and Plaque Sever ity, Gin gi val 
and Plaque In ter prox i mal scores at the one - week post - treatment eval u a tion 
for sub jects who com pleted the en tire study. 

Parameter Treatment Adj. 1  Week 
Mean (S.E.) 

Within 
treatment 
comparisons a 

Between 
treatment 
comparisons b 

PMN leukocytes 
(log 10 Count/ml) 

Test 5.235 
(0.008) 

40.7% 35.9% 

 Control 5.428 
(0.008) 

7.5%  

Gingival Index Test 1.15 (0.01) 21.8% 15.4% 
 Control 1.36 (0.01) 6.8%  
Plaque Index Test 1.96 (0.05) 25.8% 15.9% 
 Control 2.33 (0.05) 12.1%  
Gingival Severity Test 0.20 (0.01) 45.9% 37.5% 
 Control 0.32 (0.01) 15.8%  
Plaque Severity Test 0.22 (0.02) 47.6% 31.3% 
 Control 0.32 (0.02) 21.4%  
Gingival 

Interproximal 
Test 1.20 (0.01) 18.9% 11.8% 

 Control 1.36 (0.01) 7.5%  
Plaque 

Interproximal 
Test 2.01 (0.05) 25.0% 15.5% 

 Control 2.38 (0.05) 11.2%  
a Percent change exhibited by the one week mean relative to the baseline 

mean. A positive value indicates a reduction in the parameter by paired t - test. 
Statistically significant at p  <  0. 001. 

b Percent differences between the test and control treatments evaluated by 
ANCOVA utilizing baseline - adjusted means. Statistically significant at p  <  0. 
001. 

Table 4 
Sum mary of base line - Adjusted Sub ject Mean (SE) for Poly mor phonu clear 
(PMN), Gin gi val and Plaque In dex, Gin gi val and Plaque Sever ity, Gin gi val 
and Plaque In ter prox i mal scores at the two - week post - treatment eval u a tion 
for sub jects who com pleted the en tire study. 

Parameter Treatment Adj. 2 Week 
Mean (S.E.) 

Within 
treatment 
comparisons a 

Between 
treatment 
comparisons b 

PMN leukocytes 
(log 10 Count/ml) 

Test 5.070 
(0.012) 

59.4% 54.9% 

 Control 5.416 
(0.012) 

10.1%  

Gingival Index Test 0.96 (0.02) 34.7% 25.0% 
 Control 1.28 (0.01) 12.3%  
Plaque Index Test 1.75 (0.05) 33.7% 19.4% 
 Control 2.17 (0.05) 18.1%  
Gingival Severity Test 0.11 (0.01) 73.0% 60.7% 
 Control 0.28 (0.01) 26.3%  
Plaque Severity Test 0.19 (0.02) 54.8% 36.7% 
 Control 0.30 (0.02) 28.6%  
Gingival 

Interproximal 
Test 1.07 (0.02) 27.7% 17.7% 

 Control 1.30 (0.02) 12.2%  
Plaque 

Interproximal 
Test 1.80 (0.05) 32.8% 19.3% 

 Control 2.23 (0.05) 16.8%  
a Percent change exhibited by the one week mean relative to the baseline 

mean. A positive value indicates a reduction in the parameter by paired t - test. 
Statistically significant at p  <  0. 001. 

b Percent differences between the test and control treatments evaluated by 
ANCOVA utilizing baseline - adjusted means. Statistically significant at p  <  0. 
001. 

group in com par i son to the con trol (p  <  0.001). The test demon - 
strated sig nif i cantly greater re duc tions of 60.7% and 36.7% for gin gi - 
val and plaque sever ity scores re spec tively in com par i son to the con - 
trol (p  <  0.001). A sig nif i cantly lower in ter prox i mal gin gi val in dex 

and den tal plaque score of 17.7% and 19.3% re spec tively for the test 
was noted in com par i son to the con trol (p  <  0.001). 

Gin gi val in dex fre quency scores from eval u a tions over the study 
pe riod is shown in Fig. 2 . At base line, ap prox i mately 60% of sur faces 
in the treat ment groups reg is tered a score of 1. Scores of 2 were noted 
on ap prox i mately 28% and 25% sur faces of the con trol and test 
groups re spec tively at the base line eval u a tion. At the one - week post - 
treatment eval u a tions, both treat ment groups reg is tered re duc tions in 
the num ber of sites with a score of 3. Scores of 0 and 1 in creased in 
the test group to 6.2% and 74.1% re spec tively in con trast to cor re - 
spond ing scores of 1.2% and 66.9% re spec tively for the con trol group. 
Fre quen cies for score 2 and 3 de creased in both treat ment groups at 
the two - week eval u a tion with a score of 2 noted on 26% of the con - 
trol and 10% of the test groups. The test group demon strated in - 
creases in the fre quen cies of score 0 and 1 than the con trol. Sites with 
the high est scores were 0.5% in the test and 1.8% in the con trol. Ap - 
prox i mately 15% of sur faces in the test group reg is tered a gin gi val in - 
dex score of 0 in con trast to 2.2% in the con trol group. 

Shown in Fig. 3 are fre quency scores from den tal plaque in dex 
eval u a tions recorded over the study. Ir re spec tive of treat ment group, 
scores of 1,2 and 3 were noted on ap prox i mately 16%, 43% and 
17.0% of sur faces at base line. Both treat ment groups demon strated 
im prove ments at the one - week eval u a tion with be tween 24 and 38% 
of the sur faces reg is ter ing a score of 1 and be tween 37 and 42% of the 
sur faces reg is ter ing a score of 2. Less than 15% of sur faces reg is tered 
scores of 4 or more with the test group reg is ter ing lower fre quen cies 
of these scores at post - treatment eval u a tions. The two - week eval u a - 
tion reg is tered ad di tional im prove ments in the test group with 4% of 
sur faces free of den tal plaque and a score of 1 ob served on 46% of 
sur faces and a score of 2 reg is tered on 30% of sur faces. In con trast, 
for the con trol group, a score of 0 was ob served on 1.7% of the sur - 
faces and scores of 1 and 2 noted on 30% and 38% of sur faces re spec - 
tively. 

4 . Disscussion 

Neu trophils are crit i cal ef fec tor cells, re ferred to as the first re - 
spon ders [ 17 ] that are pro duced in large num bers and re ported from 
mu cosal sur faces in clud ing the eye, nose, saliva and other lo ca tions to 
pro tect these bar ri ers [ 6 , 13 , 18 ]. Ear lier in ves ti ga tions re port the abil - 
ity of den tal plaque, iso lated oral bac te ria or their com po nents [ 19 ] 
on PMN func tions with dif fer ences noted be tween vir u lent and avir u - 
lent strains [ 20 ]. Sali vary PMN has been enu mer ated in sam ples col - 
lected from sub jects with re ports in di cat ing dif fer ences be tween 
healthy and pe ri odon tal dis ease [ 8 – 13 ]. 

This dou ble - blind study in ves ti gated the pre ven ta tive ef fect of a 
well - established oral ther a peu tic i.e. CHX [ 3 – 5, 21 ] with re gards to 
mit i gat ing gin gi val in flam ma tion and in cluded an es ti ma tion of oral 
neu trophils as an ob jec tive mea sure of in flam ma tion. This study uti - 
lized com mer cially avail able for mu la tions and en rolled adult sub jects 
of ei ther gen der with gin givi tis from the gen eral pop u la tion who were 
not seek ing any med ical or den tal care. Test con di tions were stan - 
dard ized with a washout phase in cluded to re duce the in flu ences of 
pre vi ously uti lized for mu la tions with treat ments as signed ran domly. 

No table fea tures of this study uti liz ing CHX an es tab lished in gre di - 
ent are rel e vant in this ef fort ex am in ing ef fects on the num bers of oral 
PMN. These in clude the rel a tively short du ra tion of the study with 
sub jects vis it ing the den tal clinic weekly for reg u larly sched uled vis its 
for eval u a tions. In ad di tion to ex am in ing pro gres sive clin i cal changes, 
the study de sign al lowed as sess ments of ad verse events and de ter mine 
study com pli ance. Oral health sta tus was de ter mined us ing tra di tional 
clin i cal in dices uti lized ex ten sively [ 5 ]. 

Over the study pe riod both the gin gi val and plaque in dices scores 
de creased from their cor re spond ing base lines and cor rob o rated pub - 
lished re sults. Ad di tion ally, re sults eval u ated ef fects on dif fer ent sites 
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Fig. 2 . Fre quency dis tri b u tion of gin gi val in dex scores in treat ment groups over the study pe riod. 

Fig. 3 . Fre quency dis tri b u tion of den tal plaque in dex scores in treat ment groups over the study pe riod. 

of the mouth, the fre quen cies of clin i cal scores over the study pe riod 
and ef fects on in ter prox i mal and other hard to reach sites. The CHX 
group demon strated re duc tions of 0.2 for gin gi val in dex and 0.4 for 
plaque in dex in this study with pro gres sive ef fects ob served over the 
study pe riod. Fur ther more, these ef fects were ob served on all oral re - 
gions and sur faces pro vid ing a com pre hen sive treat ment as sess ment. 
These re sults also sup port the com pli ance of study pro ce dures by sub - 
jects. 

In ves ti ga tors have eval u ated CHX mouth washes in clin i cal tri als of 
dif fer ent de signs for ef fects on cy tokines and other in flam ma tory me - 
di a tors with these stud ies also con cur rently eval u at ing clin i cal in dices 
for den tal plaque and gin givi tis [ 21 – 23 ] [. Whereas, clin i cal in dices of - 
fer sub jec tive as sess ments of oral health they have an ex tended his - 
tory and are ac cepted by reg u la tory agen cies [ 24 ]. In this study, oral 
PMN were col lected by non - invasive sam ple col lec tion with as sess - 
ments con ducted im me di ately af ter sam pling for chair - side re port ing. 
PMN num bers are re lated to oral health sta tus in sur veys with their 
num bers in creas ing from health to those with gin givi tis and the high - 
est num bers noted in sub jects with pe ri odon tal dis ease (un pub lished 
data). Es ti ma tion of PMN likely pro vides an as sess ment of the in flam - 

ma tory con tin uum rep re sent ing changes in heal ing and res o lu tion in 
an in ter ven tional clin i cal set ting and is rel e vant to oral health. Fur - 
ther, PMN dy nam ics may al low an eval u a tion of in cip i ent dis ease in 
con trast to clas si cal clin i cal in dices. Bio mark ers re lated to PMN ac tiv - 
ity such as lacto fer rin and PMN - elastase have been cleared by the FDA 
for clin i cal use in USA and Eu rope [ 25 ] with stud ies re port ing cor re la - 
tions be tween other PMN de rived com po nents such as myeloper ox i - 
dase and clin i cal in dices [ 26 ]. 

In the pre sent study, PMN scores of the two treat ment groups at 
base line were sim i lar with no sta tis ti cally sig nif i cant dif fer ences. Oral 
PMN scores in the con trol group de creased mod estly from 5.45 to 
5.40 over the study pe riod rep re sent ing be tween 7.5 and 10% dif fer - 
ences, how ever, the ef fects in the CHX group were sub stan tially 
higher and ranged be tween 40 and 59.4%. The CHX group con sis - 
tently demon strated sta tis ti cally sig nif i cant dif fer ences from the con - 
trol with a 35% dif fer ence noted at the first week and 54% noted at 
the two - week eval u a tion. These re sults demon strate pro gres sive re - 
duc tions in PMN counts over the study pe riod rep re sent ing cu mu la - 
tive treat ment ef fects on the oral in flam ma tory bur den. While PMN 
ob ser va tions cor rob o rated those noted with the con ven tional clin i cal 
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in dices the dif fer ences be tween the test and con trol groups for neu - 
trophils were nu mer i cally higher than those for the gin gi val in dex but 
sim i lar to gin gi val sever ity scores. 

This study en rolled adults with gin givi tis. Avail abil ity of the pre - 
sent re sults al lows fu ture stud ies that can ex am ine the ef fects of other 
in ter ven tions amongst se lected pop u la tions with com mon oral dis - 
eases. PMN and its ac tiv i ties are widely ac knowl edged as key de ter mi - 
nants in host de fense [ 2 ] and likely re flect changes in the oral mi cro - 
biome in clud ing mi cro bial and fun gal con stituents. These re sults fa cil - 
i ate eval u a tions of com mon oral ther a peu tics and may likely con - 
tribute to the de vel op ment of strate gies that could aug ment or en - 
hance neu trophil func tions. For in stance, a re cent re port pro poses vi t - 
a min E sup ple men ta tion as a nu tri tional in ter ven tional strat egy for 
oral ther a peu tics to en hance neu trophil func tions and is ap plic a ble to 
per sons of all ages [ 27 ]. Sim i larly, di etary sup ple ments re port edly aid 
pa tients with sys temic in flam ma tion and neu trophil func tion sug gest - 
ing the avail abil ity of po ten tial ap proaches for in ves ti ga tion [ 28 ]. 

In sum mary, the re sults from this dou ble - blind clin i cal study 
demon strate pro gres sive re duc tions from the one - week to the two - 
week eval u a tion of sub jects’ twice - daily brush ing with a com mer - 
cially - available flu o ride tooth paste and rins ing with a com mer cially 
avail able 0.12% chlorhex i dine mouth wash. Sam ples from sub jects 
taken 12  h af ter oral hy giene with chlorhex i dine had sig nif i cantly 
greater re duc tions in the num bers of oral PMN com pared to those 
rins ing with a com mer cially avail able flu o ride mouth wash and brush - 
ing with a com mer cially - available flu o ride tooth paste. Cor re spond - 
ingly, the use of chlorhex i dine demon strated sig nif i cantly greater re - 
duc tions in den tal plaque and gin givi tis than the con trol group at all 
post - treatment eval u a tions. A si mul ta ne ous as sess ment of clin i cal out - 
comes in con junc tion with im muno log i cal char ac ter is tics will likely 
en hance an un der stand ing on the pro gres sion of com mon oral con di - 
tions to de sign and eval u ate mea sures for their pre ven tion and con - 
trol. 
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