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The aim oftliis suidy vva,s to rvaluaie the cflcct of maternal tise of ehcwinj; friiuis coniainiii,!; coinbinatioiis
of xv'litol, stubitoi, (likn-bi'xidinr. ;tiid [liioridi' on sali\aiy iniitaiis streptoroici (MS) eotints and rarit's
pre\alencc in ibe niotliers' S-ycar-old (bildcrn. After screening 4I() women witli ncwi>uin babies, 173
mothfis witb biŝ b eounts iifsalivan MS were f;indoniK" assigned into î experimental clicwinsj ,t^ini ^oups
eoinaiiiiii^ (A) xylitol [ii = hi j , I'H} elilorhi'xidine/xylitol/sorbiu)l [ii — 3,">), and (CI) sodinm iluoridc/xylitol/
sorbito! {/(— ,')7), Mothers willi low or mediiitii MS counts fonnrd a reicreme ^rotip (D) without any
inteivention in = 232). The paiiicipants in tbe experinicnlal grotips weit- insiructcd to chew one piece of
the iriim lur ") min '^ times a day. I be cbewiny re^meii started when tbe ebild was 6 months old and was
tcrininaled 1 year later, Tbe outcome measnres were sali\an' MS counis and caries prfvalciire at ihe age
of;-! years. Hacierial ("•nuiiieialion was earried oul with a chair-side lechniqtie and caries (dcfs) was scored
by clinical examination. Medium and bitrli counts ol sali\a[y MS were lotind in l'i%, 16%. and 22% in
grotips A, B, and Cl, rcs])e( ti\ely. Tbe mean defs was I). 1 in gioup A, 0.2 in group B. and 0,1 in group C.
Tbe dilterences con<erning s;di\ary MS and earies were not stalistieally significant. "Tbe MS lounis and
caries prevalenee in cbildren of niodicrs wiih low MS c<»unts (group 1)1 were similar lo tliosc found in
groups A and B. In coitcltision, lower but tion-signilieant levels of sali\ an MS and dental decay were
obscr\ed in ,'i-year-oki children lo motliers wlio used high-content xylitol gunts compared wilh ihosc who
u,sed lower amounts of xylitol. The eflleiency of this t\pe of lart^eted inleiAcnlion in a low-caries
comniiiniiy nia\ be c|uestioned. D (.'iirin: chhthmdini':Jlmridi': miiUin.'> slnfluaim; wlilv!
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The early transmission of mutans strepiococx'i (MS) from
earcj^ivers to their ehildrcn is thought to play a si^nillLam
part in early childhood caries (1), and ronst'{|tit'ntly a
prc\"etitive strateî N' to suppress maternal MS Irvcls a,s a
mcatis of reducing eoloni/ation in the mothers' ofispring
has emerged. Clinical trials with antibacterial agents such
as iodine and fluoride (2), chlorhexidine (3-5), and cotn-
binations thereof (6, 7) have been performed with mixed
results. Screening and professional treairnents are costly,
li(nve\'er, and the concept would gain with a ,self-
adniiuistered regimen. The potential effeet of xyiitol-
coutaitiing chcwitig gums has been e\'aluated in studies in
which Uie maternal use of xyliioi gums during tooth
eruption redueed MS acquisition and dental caries devel-
opment in children up to 6 years of age in eotnparison with
mothers who recei\ed professional applications of either a
chlorliexidine or a fluoride varnish (8 H)). Althotigh the
mecbaiusm is not fully clear, habitual xyhtol consutiiptioit
may seleet for MS strains with impaired adhesive proper-
ties to enamel, but it has al.so been diseussed whether or
tiot ihe anti-caries properties were due to saliva ,stimu-
laiion (II 13), It is theretorc of interest to evaluate the
effect of xylitol, chliirliexidiuc, atid fltioritle in comparable
eheuing regimens atid a randomized clitiical trial with

paraflel arms was started in 1998, The IH-monih restilts
di.spiayed a sigtiilicant reduction of MS eoloni/atioti in
children of nu)thers in the xvlitol atid chlorhexiditic/xyliiol
chewitig gum groujjs (otn])ared with llie fltioride chewing
gimi grotip (14).

The aim of the present comniutiic aiioii wiis to dcstribe
the effect of maternal use of chewing gtuns containing
xylitol. chlorliL'xidine/xylitol/sorbitt)], atid lltioride/xyli-
tol/sorbitul on sali\-ar\' MS counts and carie.s pre\'aU'nce
wheti ihe children were 3 years of age. 'I'he null hypothesis
was that no differetice iti MS eounts and caries prevalence
would occur betweeti ihe dillerent ex|)etimeiital groups.

Materials and methods

.Malerial and .s/i/dy de.ugn

A sereemtig lor the ptcsctice of sitli\aiy MS was
condtietcd in 4Hi healthy wotnen with newborn infants
(213 girls and 203 Ixiys) in the (otiitiuinity of V'arberg. a
middle-sized city in southwest Sweden. Mean age of the
mothers was 30.1 years, ranging between 17 and 44 years.
Thf scr<'cning procedure was earried otit by a midwile in
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ct)nntTli()n witli llir ivguliir well-being evaluation 3
months after the deliver\'. 'l'lif levels of salivary MS in
the mothers were estitnatcd usiiig the Strip niiitans ehair-
sidc test (DentocLilt-SM, Orion Diagnostica, Helsinki,
Finland) following a standard procedure (15). Three
experimental groups and one reference group were
formed on the ba,sis of the miiternal MS eounts. The
mothers with high counts of sali\ ar\' MS (>150 colony
forming units, CPU) were randomly assigned into three
experimental groups (A -C) and instructed to chew one
piece of chewing ,gum three times daily containing eom-
binaiions of xylitol. sorbitol, rhlorhexidiiie. and fitioride as
described below. The reference group (D) consisted of
mothers with low or medium counts of salivary MS (< 150
CFLJ) who received no chewing gtinis. Maternal chewing
was initiated when the children were fi months of age and
terminated 1 year later,, at IB months. Prior to randomi-
zation, all participants were given verlial and written

iTil'ormation about the study and a consent form was
,sigiK'd. The ethics committee at Gothenburg University,
Sweden, approved the study design.

A detailed (low chart ol' the jiarticipants is ])resented in
Fig, I. At screening, 184 mothers exhibited high counts of
salivary MS; 11 of them did Tiot want to proceed with any
chewing gimi, leaving 17!̂  mother child pairs in the 3
experimental groups. During the first months of tbe study,
22 (13%) mothers terminated their chewing regimen, 5 in
group A, II in group B, and 6 in group C. The major
reasons were taste and gastric problems, fatigue and pain
in the jaws, and relocation to other communities.
However, all drop-outs agreed to show up with their
l)abies foi" the 3-year examination, forming a drop-out
gronp (gronp E, « = 22). In the reference group, 2 subjects
(0.9%) were lost due to relocation. According to the
medical records, no marked diO'erences in socio-et-onomic
characteristics were diselosed between any ol the gi'otips.

>LSOCFU
A7 = 1 8 4

6 m (A) xylitol

3yr

No consent
n-W

<I5OCFU
(D) reference, n ^ 232

(B)CHX/X

(A) xylitol
11 - 56

(C) Htioride
f} - 57

(B)CHX/X

No chewing eum

(C) fluoride
/v - 51

(E) drop-outs (D) reference
n - 230

1. Study design ami tlov\ <hiin, MS - nitttans strcptociicc i; CW — coloin Ininiint; utiits.
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sf|uarec! lattice (I h). 1 he following scores were used:
0 - n o detectable CFl ' ; 1 = 1 10 CW (low counts);
2 = 1 1 99 CFU (medium counts); 3 = >100 CFU (high
counts).

riic acti\'c i[ii>rc(.iicnis and swcclrtiers o\' thr \ai'iotis
(bcwing triinis are presented in Tabk- 1. The x\'iitol gum
used Ijy f̂ roup A was a roiniTHfrcial product with each
piece of gum containing 650 w\^ of xylitol (Xylifresh, I/'af.
Ttirkti. Finland}. The cblorbexiHine/xylilol/sorbitol gtim
(iri'oiip B) was pixnidecl In' Fertiii Fhacina A/S (\'<;jl<'-
IX-niiiark) and contained ':) mg cblorliexidiiie, J.'ili int;
xylitol, and 141.9 mg sorbitol, whereas eacb of tbr gums ol'
grotip C had 0.55 mg sodium fluoride, 2H!) mg xylitol. and
I HH.fi mg sorliilo! (liuorette, Fertin Pharma A/S). It
sbotiki thetefoie be noted that the gums in groups B and
C: were sweetened by a combination of xylitol and .sorbitol
and ibose in gioups A and B eoiitained bigber amounls of
xylilol. All jjarticipants were iiistrueled to chew one gum
eacb day for 5 min in tb(' morning, at noon, and in the
evening. A supply of chewing gums was pro\-ided to eo\'er
a period of 3 months, after whieh a check on compiianee
v\as made beliire new (hewing gums were {lcli\eied.

Bacterial sampling and culiivalion

'I'he level of sali\-ar\' MS in the li-year-olds was
entnneratt'd tistng ibe slandarcl ebair-side test, as
(li'Miil)ed aho\*e. 'I'be (biUlren were asked to chew on a
^nlall piece orpre-uariried jjaraflin iiif I min and a plastie
strip was thereafter rotated 5 10 limes on lhe dorsum ol'
the tori,gtie and withdrawn ihrotigli ligbtly eiosed li|)s. Altei-
etilli\ation at 'M°i.\ fbr 48 b, ibe haeteria were identilied
by morpbolog\' and enumerated as CFl^s in a stcrco-
mici-oscope on a predetermined area with the aid of a

e\anuuation

All children were examined in a cleiuai chair by ()n<'
trained examiner (IT) blind to which gi'oiip tbe cliikl
belonged. Claries was scored according to the guideliiifs ol"
ilu- Public Dental Semec in tbe Clotiiux orHalland. which
was mainly in harmony with the W'oihl Healtli Organisa-
tion eriteria (17) and expressed as decayed (cavitated).
exiiacted. and filled surfaces (defs). Non-cavitatcd lesions
v\itliiii ibe t'liamel. defined as wbite chalky areas on the
smootb surlaies, were fliagnosecl and scored sejiarately.
\ o radiographs were exposed. Prior to and continuously
during the examinations, the examiner was calibrated with
an experienced colleague (BL) and uncertain cases were
examinefl b\- Ijoih until tonsensus \\'as leaebed.

Slaltiliial methods

All data were processed using tbe SPSS software (I 1.5.
SP.SS Ine.. (Ihicagi). III., USA). Salivary MS counts were
siibjeeted lo ibe Krtiskal-Waliis non-parametric test, while
caries data were testrd by a proportional odds model for
ordinary data. .Vssoeiations were assessed witb the Pearson
eorielatif)n (oeflieieiit and (jdcls ratio ealeulatioris were
performed ow the eatcgorized data "colonized' \s. 'TIOII-
colonized' and 'decayed' or 'non-dceayed' subjects,
respectively. A / ' valiif ot less tban 0.05 was eonsiclereri
as stalisticalK'

Results

.\t the age of 3 years, 75% of all tbe ebiklren bad non-
detectable levels (score 0) of sali\'a!"\" MS. Di.stribution of
the salivary MS counts in tbe difTerent groups is given in
'l'al)le '1. Fewer ebildren in groups A and B exbibiled
medium anti bigh counts or,sa!i\'an- MS tban ehiklren in
group C. but the differences were not siaiisiically signi-
ficant. Tbe salivaiA' MS le\els in ^gi'otips A and B were of

r.ililr 2. l'ic\:tlciL(i' and distribiiliiin nf'salivaiy nniliins strr]Jt(ii'<Ki i (MSi
wilh \arii)iis {licuing gums

in !l-\car-(ilcl iilfspiiiig (i['ninthcr'* undergoing itiicni-niion

xyl C;H\/xyl/sorh
|

K/xyl/s

(ilOtip [)
[•crfrciici-
[ii = 2301

(inni|) I']
drop-uuts
{u = 221

Children^ MS score (%)
Score 0 78
Score I 9
Score 2 4
Score :i 9

70
14
9
7

64
14
12
10

14

SlalisiicalK' signiiicaiii liilli-rruic in MS disiribiiliiiri. . \ \^ V. : / ' < 11.001 i and B \ s E (7*< O.O.i).
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(.Varies prevalence in 'i-yriir-old olTspriiig of mothers tindergoing iiitcni'iitloii uTlli various chrwiiig gums

(iniii | ) A
x\l

B ( i l D t i p C

F/xyl/sorl,
n Group E

drop-o tits
[n ^ 22)

Carics-frfc (%)
Non-ravitalcd lesions (%)
Ciuiiaicd Ifsions {%)
Dcfs (mean it i)

93

2

86
9
:>

± (14:1

86
8

HI
0.37 ± I .26

95
3
;i

0 . 1 7 ± l . I I

77
14
14

0.82 ± 2.2(

the same magnitude as those in the reference gi'oiip (D),
Caries prevalence was low and as few as 8% of all children
had non-ca\dtated and/or cavitated lesions at the age of 3
years. The detailed figures in the different groups are
presented in Table '?>. i\i\ obvious tendcney towards less
earies in the high-xylitol groups A and B was found in
comparison with group C:., but again the differences failed
to reaeh statistical significance. Caries prevalence in the
reference gi'oup D was similar to those obtained in the
inter\-enlion groups A and B,

The associations between early MS establishment and
dental carie,s de\elopment fbr the children in tlie three
inter\-ention groups are presented In Table 4. The corre-
lation coefTieient was 0.60 with an odds ratio of 12.'5 (9.T"n
CI: ;18 40.0; P< 0.01). The corresponding values for the
children of the non-intervention group D were 0.34 and
(i.O (9.T% C.I: 1,6-58.6; P<{).{)5), respectively.

The microbial data and clinical caries findings of the
droy>-out group (Ej are given in Tables 2 and 3. This group
exhibited statistically higlier counts of salivary' MS com-
pared with the experimental groups A (/*<O.OI) and B
{p < 0.05). but not with gron|) C. Moreo\'er, the ehildren in
gi'oiip F. had significantly more earies (f < 0,05j than ihe
children of gi ouji A.

Discussion

This primaty object of study was to e\alu;ile llic possible
influence of maierna! xylitol consttmplion on the mother
child transmission of MS and earies de\el(.)pmein in the
mothers' olfspring. Previous studies have suggested a
superior role of xylitol in this t̂ ĵe of inter\ention, but it
should be noted that control ehewiiig giinis were lacking
(8 10), Likewise, as a non-chewing eontrol gi'oup could

Table 4. Associiilioii l)ri\v<-i-ii nitiians strcjiiocoiri (MS) (oloiii/aiiiiii
ai the age of Ifi months* and caries pifAalnne iit the atfi- of '^ yiMrs
foe i!ie chiidrcn in i^otijis A. B. and V.

MS rolimi/alion

Initial atid or maiiilcsi caries

No

1 17
I'i II)

*Data from ThorikI c\ al.. 2003 (14).
Odds riUio = 12.3 (95% CI 3.H 40.0).

not be included in the present study for ethieal reasons, the
xyliiol and xylitol/sorbitol/clilorliexidine inten-entions
had to be compared with a generally aceepted and
ad\'ocated chewing regime for risk patients containing
fluoride. Although in agreement with Soderling et al. (8, 9)
and Isokangas et al. (10), we loiind clear and similar trends
following xylitol and chlorhexidine/xyliiol/sorbiiot con-
sumption in the present study, we were unable to reject the
null hxpothe.sis, \\ 'c demonstrated significantly less \ I S at
the age of IM monihs (14). but the differenees in MS and
caries were not statistically significant at the age of !3 years.
These observations were more or less in agreement with
the results of the recent study by Dasanayake and eo-
vvorkers (5), who failed to demonsirate an anti-caries effect
in children desjiite a significantly reduced mother child
n^ansmission when the mothers were treated with a
chlorliexidine-CfMitaimng \'arnisli. C^omjjhancc with the
present chewing gum regime was checked dtiiing the
course ofthe study and was considered to be acceptable.
The total attrition rate was 13% and slighdy more
])articipants dropped out from group B than from groups
.'\ and C^ because the taste was subjeclively perceived as
less attractive. Apart from the drojj-out complaints, no side
or ad\'erse efiects were noted with any of the chewing
gums. I h e fact that the drop-outs agreed to the final
examination ga\'e us an opportunity to form an additional
non-chewing group with children to mothers wiih high
counts that did not comjily with the program. This group
represented mothers with very limited exposure to xylitol,
sorbitol, chlorhexidine, and fluoride since they terminated
the study protocol within 3 months. Interestingly, this
gi'oup also exhibited the highest earies and sali\'aiy MS
levels.

The ])ossible main explanations fbr the non-significant
findings were (i) the unexpectedly low pre\aleiict' (tf MS
and tai'ies (and large standard de\iations) in the present
study population, leaving the investigation with limited
power to statistically verify possible differenees between
ihe groups, (ii) the xylitol dose was suboptimal, and (iii) the
chewing regimen should have been extended past 18
months. Concerning the first point, the entire study group
developed less caries (8% including non-cavitated lesions)
than the 22"/o prexiously reported among Sw'edish 3-year-
olds (18); this was not expected eonsidenng the selection of
high-risk mothers. .'\Jso the proportion of children who
harbored detec-tible ]e\els of sali\ary MS was lower in our
material when eompared with oui" own previous findings
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Tabk' jj. I'rrvalrncc and distribulioti of s;ili\;iT"\ iruitans
(MS) (•otLLlt̂  .\m\ v.mc^ in the nicr.t;<-fl i;r(uip-i

MS cotints (%)
Score 0
Score I
Score 2
Score 3

Dels {mean ± ,i)

(Jroup A + H
High-xylitol

.Hums
••/;- 1 1 1 0 ;

75
13
6
(i

(),l:i±o,42

(irou|> (- + K
I.ovv-xylitol truiiis

and dn)[)-()iits
Ul = 7:i)

62
14
IS
f;

(),,il ± l.fil

P*

< 11.03*

<l),il,^*

* Kriiskiil-Wiillis rioii-pariinicirii- test.

Irotn llic same city (19). In oi'dci' to chutthitf the itnpact of
study group size w t h focus on xylilol, we merged the two
bigh xyiitol intervention groups (A and B; » = 100) and
comp;urcl tlic findings with a merged low xylitol and drop-
ottt giotip fC;+E; n = 7,'i). This could be itistiHcd by the fact
that the gums in grotip.s A and B contained more than
0.5 g xylilol each, while the fluoride gums had only half
tbal aniotint and the dtoiJ-oms were non-complying higli
MS luotbei's that used xylilol gums for a \'<'iy short period.
'1 lie subsequent caleulated resuits are given in Taljle 5.
With these larger groups, a statistically significant
diflerence (P< 0.05) in the children's MS counts and dels
was obtained in favor of the higb xylllo! ituer\enti()ii.
Ne\rriheless, the clinical dilVerences were fairly smal! and
our results might indicate that an antibacterial interven-
tion directed to highly MS-colonizcd mothers with the aim
of reducing cari<'s in their children is not worth its cost in a
low-caries comnnniity. Oti the otber hand, il could he
argued iliat the a|)plied ijre\enti\'e measures iti grotips A
and H were ])erhaps able to reduce the caries pre\*alciicc in
the assiitned high-risk gi'oups to ihe ,saine level as tbe
a,ssumed low-risk grou|i. wbieb will prohahly keep down
luture need and costs of dental care. Furtber and extended
studies in high caries populations are needed to ftirther
elucidate this issue.

Tbe second qiiestitin regarding the suboptimal dose
regime is slill oijeri. It has heen suggested from clitiical
trials that approximately 5 10 g of xylitol per day in a
fractioned administration is needed in order to pre\ent
new ea\ities in the primaiy and young permanent
detitiiioTi (12. 20, 21), and, clearly, the present xylitol dose
of around I '2 g was well helow that. However, it tan he
argued thai the reduced mother child transmission of MS
may he due to an ecological shift in the oral niit toflora
from sticky xylitol-sensiti\-e to less adbesiw xylitol-resistant
MS strains (22), and such shift has heen detnotistrated also
with a low-dose regimen (23). Furthermore, significantly
difVerent but clinically small reductions of plaqtie aeid-
ogenicity and (aries development ha\'e heen descriljed in
preschool children with the same xylitol exposure as used
here (24, 25). The present chewing gum inter\-ention
started when the children were 6 months of age and was
temiinaled 1 year laler. It could always he speculated

whedier this pet iod should have beeti extetided to 2 years
of age, l)ti[ the jiresetu \'ei"\' low general < oloitizalion rate
may indicate that this would not have changed the results
significantly.

The similar lindings in groups A and B were logical and
expected, sitice hotli gtims contained the a[>pi"()xiniately
,saine amount of xylitol. We louiid tio nidtcaticHi that the
addition of chlorhexidine to the gum.s cither enhanced or
compromised the transmission of MS or the anti-caries
eflect which was notable tu the hght of fitiditig from
|}re\'ious mother child studies titili/ing chloiiiexiditie gels
ov \artiishes (3 5). The reason for this is not clear, hut may
he explained hy nieehanisms of action. Cilhlorhcxidinc may
primarily affeet and suppress the metaholie acti\'ity of
susceptible bacterial eells in the mothers and. secondarily,
tbe adhesive properties of MS, while xylitoi iniglu aflect
the tiral ecology- by favoring the selection of xylitol-
resistant atid tioti-adhesive strams of oral streptocoect wtth
impaired colotiizitig abilities (22, 26, 27). Furthermore, the
extent to which the presence of the tuitrient sorbittjl iti
groups B and C may have iniluenced the results remains
an open question. The clear association between early MS
acquisition atid cartes (le\'eloy)tiieiit demonstrated here was
Ul agreement with pic\"!t)us htidings (2H, 29) and rettiforccs
the eoiicept that earies ean he truly prevenied by com-
bating MS estahlishtnent in the oral cavity

In conclusion, the results ofthe present sttidy cotild tiot
detnotistrate :uiy stati,sticLilK signilk-ant ditierentes in the
eflects of maternal use of xylitol-, t hloihexiditie/xylitol/
sorhitol-, and Iluoride/xylitol/sorhitol-eotitaintng chewing
ginns on MS and caries prevalenee in 3-year-oid children
ol" mothers with high counts of sali\'aiy MS. Althotigh a
small clinital elTeet was seen as a result of the high xylitol
regimes, it is questionable whether this t\iJC of targeted
mother (liild inten'ention i,s ellicient in a low-earies
eommunity,

.hhioicledgiiimtx. —We ackiiimlecliJr friiitful collaboration with the
inidwivcs at ihc X'arbcrtr inatcrnal health rlinii. pariicttlaily tlic
Ht-ati, Monika (iustavsson. R.\, (or her sujiport, IIK' chewing yiinis
were trcnerously pnivided by Leaf, Turku, Finhsnci and Ffriin
I'hanna A/S, \ ejlc, IJeiiniark. Tin- sttitK was suj)]Kirtetl by s^ratits
lioni tin- Sucdisli Dental Siieiety. tlic Swedi'̂ li Patent Rf\onue Fund,
and lhr (luiuiiv C^miTiriis ol'Halland and \'a>trrbi>ttt'n.
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