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The present report covers the results after the first year of a 2-year
trial, carried out in order to evaluate eventual differences in the
caries incidence as influenced by sucrose (S), fructose (F) and xylitol
(X) consumption. The initial material comprised 125 persons, mean
age 27.5 yrs., divided according to individual preference and ran-
domly into three groups. The S-group included 35, the F-group 38,
and the X-group 52 persons, the latter group rendered oversize due
to fear of loss of material. Initially no significant differences were
found between the groups with regard to age, sex, number of primary
and secondary carious surfaces with and without defect, number of
filled surfaces and extracted teeth, and the DMFS-index. During the
first 12 months of diet only 1 participant in the X-group discontinued
due to diarrhoea. In addition, 2 were excluded due to lack of co-
operation. Caries activity was expressed in quantitative, qualitative
and combined terms through clinical and radiographic assessment.
Irrespective of these methods, the caries incidence, expressed as
difference between positive and negative reversals, new fillings, and
increase in lesion size was lowest in the X-group, the difference as
compared to the S-group being highly significant, and close to 90 %.
The F-group incidence was 25 % lower than in the S-group. The
results showed a dramatical reduction of the caries incidence in
the X-group and indicated a therapeutic and remineralizing effect
on dental caries.
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Recently, considerable interest has been
focused on the search for sucrose sub-
stitutes which have been reviewed relative
to toxicity, taste, manufacture and cost in
addition to the dental aspects involving
cariogenicity, biochemical effects and in-
fluence on the oral microflora (Mdkinen,
1972; Newbrun, 1973; Scheinin, 1973). The
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background, indicating the necessity of the
present long term trial, may thus be found
in reports showing marked differences
between various natural sugars with regard
to their catabolic breakdown products
(Mdkinen, 1972), cariogenicity in animal
experiments (Frostell et al., 1967; Miihle-
mann et al., 1970; Karle & Biittner, 1971),
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and the physical properties and chemical
composition of plaque and saliva (Carlsson
& Egelberg, 1965; Hassell, 1971; Mdkinen
& Scheinin, 1971, 1972; Scheinin & Mdki-
nen, 1971, 1972). On the other hand, little
information has been available regarding
the corresponding long term effects,
particularly in man. The present authors
thus decided to study the incidence of
dental caries during a 2-year period in
relation to diets selective regarding the
intake of sugars only. In the present paper
which is an intermediate report after one
vear of sucrose, fructose and xylitol intake,
the results will be reported for with regard
to the clinical and radiographic findings.

MATERIAL AND METHODS

The initial material in this part of the study
consisted of 125 test persons (Table I),
selected on the basis of the following
criteria: 1) Voluntary participation, 2) co-
operation in adherence to dietary regime,
3) willingness to yield to a series of
comprehensive blood- and other tests,
4) residence in or close to Turku, and

Table 1. Distribution of initial material according
to age and sex

Age (!ears)

Sex N X S.D. Range
Male 44 283 7.0 17.0—47.0
Female 81 27.1 7.0 12.0—53.0
Total 125 275 1.0 12.0—53.0
Age (years) Male Female Total
<15 0 1 1
15—20 2 5 7
21—26 21 43 64
27—32 11 15 26
33-38 6 12 18
39—44 2 2 4
=45 2 3 5
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5) refrain from fluoride prophylactics
during the study.

On the other hand, the test persons were
instructed not to change their dietary
habits with regard to amount and fre-
quency of intake of sugar-containing pro-
ducts. The consumption of these products
was thus expected to vary considerable.
A comprehensive diary was to be kept in
order to measure the frequency and
amount of intake on a daily basis.

The nature of the investigation excluded
the possibility of conducting it as a double-
blind study, the slight differences in taste
and texture between sucrose, fructose and
xylitol soon providing the information to
the test persons. The study was, however,
carried out as a blind study, the clinical
(A.S.) and radiographic (K.Y.) examiners
not being aware of the group the individual
participant belonged to. In addition, the
radiographic analysis was carried out
without the examiner meeting the test
persons.

In view of the nature of the study,
particularly the anticipated importance of
cooperation and the single-blind tech-
nique, all test persons were offered the
possibility to belong to one of the specific
sugar groups. By these means slightly
more than 50 %, of the participants were
allotted to the respective groups, the
remaining part being distributed at ran-
dom. The grouping was carried out by one
of the authors (K.M.), without knowledge
of the dental conditions. In order to allow
for eventual stratification, a comparison
was carried out between the groups
immediately after the clinical and radio-
graphic baseline registrations. The
variables thus compared, formed part of
the experimental parameters, as separately
described subsequently. No significant
differences were, however, found between
the groups with regard to these variables,
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Table II. Caries prevalence indices at baseline examination

385

Fructose Sucrose Xylitol

N X S8.Dgl N X S.Dg N X S.Dy
Primary caries without defect (C 1) 38 629 4291 35 6.03 3.17] 49 6.60 3.91
Primary caries with defect (C 2) 38 1.53 5501 35 032 0.64 49 0.88 3.01
Secondary caries without defect (CS 1) 38 092 1.28) 35 094 115 49 1.08 1.18
Secondary caries with defect (CS 2) 38 021 047 35 021 054 49 032 132
Additional radiographic primary caries
without defect (CR 1) 38 332 288 35 232 200 49 3.56 296
Additional radiographic secondary caries
without defect (CSR 1) 38 0.18 046/ 35 0.15 036 49 006 0.24
Additional radiographic primary caries
with defect (CR 2) 38 121 166 35 1.09 1.56] 49 1.02 1.24
Additional radiographic secondary caries
with defect (CSR 2) 38 029 061 35 0.12 041 49 026 0.53
Total clinical caries (C1 + C2 + CS1
+ CS2) 38 895 765 35 7.50 396/ 49 8.88 6.90
Total clinical and radiographic caries (C 1 -
C2 4+ CS1 + CS2 + CR1 + CR2 +
CSR1 + CSR2) 38 1395 8.75] 35 11.18 5.37| 49 13.78 8.07
Filled surfaces (F) 38 29.26 12.78] 35 29.18 12.85] 49 29.84 14.15
DMPFS-index 38 47.74 14271 35 44.00 16.69] 49 50.66 18.34
Age 38 2649 439 35 27.00 594 49 28.88 9.02

i.e. age of male participants, age of female
participants, primary incipient (C 1) and
advanced (C 2) carious surfaces, secondary
incipient (CS1) and advanced (CS?2)
carious surfaces, filled surfaces (F),
number of extracted teeth, and the DMFS-
index. Table II shows the baseline values,
less 3 participants in the X-group, ex-
cluded for reasons given in the results
section. Despite the slightly lower number
of clinically and radiographically detected
carious surfaces in the sucrose (S-) group
as compared to the fructose (F-) and
xylitol (X-) groups (Fig. 1), but in view
of this difference being not significant,
no stratification between the groups was
carried out.

The three groups differed in size, 35
individuals being allotted into the S-group,
38 individuals in the F-group, and 52
individuals in the X-group, the latter

rendered deliberately oversize due to fear
of loss of material during the study.

Methods of clinical examination. The
test persons were examined in random
order at each of the six registrations carried
out during the first year of the trial. A
constant source of artificial light was
employed, and the teeth kept dry with
compressed air. The clinical registration
of dental caries was conducted in terms of
tooth surfaces, primary (C) and secondary
(CS) carious surfaces being recorded as
separate entries and classified according to
severity through ranking into incipient (1),
and advanced (2) classes.

A lesion was diagnosed as incipient
caries (C1 or CS1) when there was a
chalky or additionally discoloured staining
indicating a demineralization of the tooth
surface or subsurface structure. In addi-
tion, fissures, foramina coeca and margins
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Fig. 1. Number of decayed tooth surfaces at
baseline examination. Open bars denote
clinically detected carious surfaces, hatched bars
additional radiographically detected carious
surfaces.

of fillings capable of holding an explorer
point, but showing no sign of cavity
formation, were recorded as C1 or CS 1
lesions. Loss of substance, resulting in
cavity formation as defined underneath,
indicated classification as a C 2-lesion.
Developmental disturbances and hard
superficially stained tooth surfaces were
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not recorded as caries, but notice was taken
of the location of these findings.

An advanced (C 2) lesion included all
visible loss of substance, including inter-
proximal cavity detection through the
sticking of a PRO FT 12*) explorer, used
for no more than two times before. In
doubtful cases a completely new explorer
was used. Abrasion, attrition, erosion and
tooth fractures were not recorded as
caries.

The fillings (F) were recorded on a
tooth surface basis, the fillings as well as
caries in fissures extending to the buccal
and palatal (lingual) surfaces of the teeth
being counted as covering the occlusal
surface only. A surface both filled and
carious was coded as carious. On the other
hand, a surface with a defective filling
but no evidence of caries was coded as
filled (COCSTOC, 1973).

The extracted teeth were coded by
considering the reason for missing teeth
in each separate case. The following
entries were thus established: a) Con-
genitally missing, b) not erupted, ¢) ex-
tracted due to difficult eruption
(pericoronitis), d) extracted for reasons
other than caries, and e) extracted due to
caries. After the clinical recording, the
teeth (15 to 25, 45 to 35) were inspected
in a stereomicroscope, magnification 16 X,
according to the method described by
von der Fehr, Lie & Theilade (1970). A
complete recording, including additionally
quantitation of plaque and collection of
plaque and saliva as described separately
(Mdkinen & Scheinin, 1974), comprised
generally ca. 60 minutes.

Radiographic methods and diagnostic
criteria.  Four Dbitewing radiographs
(Kodak Ultra-Speed), two of each side,

* Ash, England
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Table III. Development of primary carious lesions without defect. Clinical C 1-type reversals and net increment

Sucrose Fructose Xylitol

Teem R, MdN X SD, R MdN X 8Dy R, MdIN XS.D,

2 0—9 2.033 23 210 0— 8 2.038 2.2 2.0 0—6 1549 1.8 1.44
Positive 3 0—10 2.0 35 2.3 2.28 0— 7 1.0 38 2.0 2.1 0—6 1.049 14 1.62
reversals 4 0— 7 1.035 1.7 2.05 0— 7 1.0 38 1.5 1.7 0— 8 1.049 1.0 1.49
0>Cl 5 0— 8 1.035 1.6 192 0— 7 1038 1.2 14 0— 2 0049 04 0.61
6 0— 5 1.535 1.7 140 0— 7 1.0 38 1.7 1.8 0— 4 0.049 0.6 0.92
2 0— 6 1.5 33 1.9 176 0—10 1.0 38 1.8 2.1 0— 8 1.049 1.6 1.64
Negative 3 0—4 1035 1.2 1.14 0— 8 1.038 1.8 1.7 0— 5 1049 1.6 1.53
reversals 4 0— 5 0.0 35 0.8 1.17 0— 5 1.038 1.1 1.3 0— 6 0549 1.1 1.60
Cl-0 5 0— 5 1.0 35 1.1 1.39 0— 4 1038 1.1 1.1 0— 4 0.049 0.7 1.04
6 0— 3 0.0 35 0.5 0.83 0— 3 0.0 38 0.5 0.7 0— 7 0.049 0.3 1.04

Cumulative 2—3 0—16 4.0 35 4.5 3.39 0—11 4.5 38 4.2 3.3 0—10 2,549 3.2 2.52

positive 2—4 0—20 5.5 35 6.2 4.66 0—15 6.5 38 5.7 44 0—16 4.0 49 4.2 3.35
reversals 2—5 0—23 7.0 35 79 554 0—17 7.0 38 6.9 5.2 0—17 4.0 49 4.7 3.55
0->Cl1 2—6 2—24 8.0 35 9.6 6.04 1—24 8.5 38 8.7 6.4 0—19 5,049 53 3.71
Cumulative  2—3 0— 8 3.0 35 2.9 2.03 0—11 3.0 38 3.6 3.0 0—12 3.049 3.2 2.58
negative 2—4 0— 8 3.535 3.7 231 1—14 4.0 38 4.7 3.3 0—12 4049 43 331
reversals 2—5 0—10 5.0 35 4.9 2.66 1—15 5.0 38 5.8 3.7 0—13 5.049 49 3.55
Cl—-»0 2—6 0—11 5.0 35 5.4 2.66 1—16 5.5 38 6.3 4.1 0—17 5.049 53 3.95
Cumulative 2 —4—90533 0528 —8—610038 0426 —8—40049 02 215
net 2—3 —4—13 0.5 35 1.6 3.80 —6—10 0.0 38 0.6 3.2 —12— 7 0049 0.0 3.44
increment 2—4 —4—17 1.5 35 25 495 —6—10 1.0 38 0.9 3.8 —I12—15 0.0 49 —0.0 4.24
0=2Cl1 2—5 —4—18 1.5 35 3.0 542 —6—10 0.5 38 1.1 3.6 —12—12 0.0 49 —0.3 4.05

2—6 —3—I19 2.5 35 42 571 —5—16 2.5 38 2.4 45 —I12—13 0.0 49 0.0 4.53

Table IV. Development of primary carious lesions without defect. Clinical and additional radiographic C 1- and
CR I-type reversals, and net increment

Sucrose Fructose Xylitol
Term R¢ MdN x S.D, Rf Md N x SDs Ry Md N x S.D4

Cumulative 23 1—16 5.0 35 54 3.39 0—12 5.0 38 52 3.7 0—12 3.049 4.0 292
positive reversals 2—S5 1—26 9.0 35 9.7 6.19 0—I18 8.0 38 8.6 5.5 1—18 5049 6.2 3.94
0—->(C1+CR1) 2—6 2—2910.0 3512.1 7.16 1—24 10.5 3811.0 6.9 1—-21 7.049 7.6 4.21

Cumulative 23 0— 8 3.535 3.9 230 0—12 4.0 38 4.6 3.1 0—12 4.049 44 2.77
negative reversals 2—5 1—12 6.0 35 64 280 1—16 6.5 38 7.2 3.9 0—16 6.0 49 6.8 3.84
(C14+CR1)>0 2—6 2—14 7.5 35 7.4 3.13 2—17 8.0 38 8.4 4.6 0—19 7549 79 4.18

Cumulative 2 —4—9 0035 0.1 264 —9— 6 0038 03 27 —8—4 0049 —0.2 2.23
net increment  2—3 —3—12 1.0 35 1.5 3.69 —7— 8 0.0 38 0.6 34 —12— 8—1.0 49 —0.4 3.82
02(C1+CR1) 2—5 —5—17 2.0 35 3.3 550 —6— 9 1.0 38 1.3 3.9 —10—12 0.0 49 —0.6 4.44

2—6 —3—I18 3.0 35 4.7 6.14 —6—14 2.0 38 2.6 4.7 —12—14 0.0 49 —0.4 4.88
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Table V. Development of primary carious lesions with defect. Clinical C 2-type reversals and net increment

Sucrose Fructose Xylitol

Term Rg MdN X S.Dg Rf MdN X S.Dg R, MdiN XxS.D,

2 0—0 0.0 33 0.0 00 0—2 0.0 38 0.2 04 0—2 0.049 0.1 0.40

Positive 3 0—1 0.035 0.1 036 0—2 0.0 38 0.2 0.5 0—1 0.049 0.1 0.30
reversals 4 0—1 0035 0.0 0.17 0—1 0.0 38 0.1 0.3 0—2 0.049 0.0 0.28
0—>C2 5 0—1 0.035 0.1 029 0—1 0.0 38 0.1 0.3 0—0 0.049 0.0 0.0
6 0—1 0.0 35 0.2 043 0—3 0.0 38 0.2 0.6 0—1 0049 0.1 0.24

2 0—1 0.0 33 0.0 0.18 0—0 0.0 38 0.0 0.0 0—3 0.0 49 0.1 0.51

Negative 3 0—1 0.035 0.0 0.17 0—1 0.0 38 0.0 0.2 0—1 0.0 49 0.0 0.20
reversals 4 0—0 0035 0.0 0.0 0—0 0.0 38 0.0 0.0 0—1 0.049 0.0 0.14
cC2—->0 5 0—1 0.0 35 0.0 0.17 0—0 0.0 38 0.0 0.0 0—0 0049 0.0 0.0
6 0—0 0.0 35 0.0 0.0 0—0 0.0 38 0.0 0.0 0—1 0049 00 0.14

Cumulative 2—-3 0—1 0.0 35 0.1 0.36 0—3 0.0 38 0.3 0.7 0—2 0049 0.2 048
positive 2—4 0—2 0.0 35 0.2 046 0—4 0.0 38 0.4 0.9 0—2 0049 0.3 054
reversals 2—5 0—3 0.035 03 0.62 0—4 0.0 38 0.5 1.0 0—2 0049 03 0.54
C2-0 2—6 0—4 0.035 05 0.79 0—5 0.0 38 0.8 1.1 0—2 0049 0.3 0.59
Cumulative 2—3 0—1 0.0 35 0.1 0.24 0—1 0.0 38 0.0 0.2 0—3 0049 0.1 0.53
negative 2—4 0—1 0.0 35 0.1 024 0—1 0.0 38 0.0 0.2 0—3 0049 0.2 0.55
reversals 2-5 0—1 0.035 0.1 029 0—1 0.0 38 0.0 0.2 0—3 0049 0.2 0.55
C2-0 2—6 0—1 0035 0.1 0.29 0—1 0.0 38 0.0 0.2 0—3 0.049 0.2 0.63
2 —1—0 0.0 33 —0.0 0.18 0—2 0.0 38 0.2 04 —3—2 0.049 0.0 0.67

Cumulative 2-3 —1—1 0.035 0.1 045 0—2 0.0 38 0.3 0.6 —2—1 0.0 49 0.1 0.61
net increment 2—4 —1—2 0.0 35 0.1 0.54 0—3 0.0 38 04 08 —2—2 0.049 0.1 0.69
0=C2 2—5 —1—3 0.0 35 0.2 0.67 0—3 0038 05 09 —2—2 0.049 0.1 0.69
2—6 —1—4 0.035 0.4 086 0—4 0038 0.7 1.0 —3—2 0.049 0.2 0.82

Table VI. Development

of primary carious lesions with defect. Clinical and additional radiographic
and CR 2-type reversals, and net increment

C 2-

Sucrose Fructose Xylitol

Term R;, MdN Xx SDg; Rf MdN X SDsy Ry, MdN X S.D.y
Cumulative 2—3 0—1 0.0 35 0.2 0.39 0—5 0.0 38 0.5 1.0 0—3 0.0 49 0.5 0.71
positive reversals 2—$§ 0—3 0.0 35 04 065 0—6 0.0 38 0.8 1.3 0—3 0049 0.6 0.79
0—->(C2+4+CR2) 2—6 0—4 1.0 35 08 1.07 0—7 1.038 1.2 1.6 0—4 0049 0.7 098
Cumulative 2—3 0—1 0.0 35 0.1 0.24 0—1 0.0 38 0.1 0.3 0—3 0049 0.2 0.56
negative reversals 2—35 0—2 0.0 35 0.2 046 0—1 0.0 38 0.2 04 0—3 0049 0.3 0.68
(C2+CR2)—»0 2—6 0—2 0.0 35 0.2 046 0—1 0038 0.2 04 0—4 0049 04 0.83
Cumulative 2 —1-—-0 0033 —0.0 0.18 —1—2 0.0 38 0.1 0.5 —3—2 0.049 0.0 0.67
net increment 2—3 —I1—1 0.0 35 0.1 048 —1—4 0.0 38 04 09 —2—2 0049 03 0.76
0->(C24+CR2) 2—5 —1—3 0.0 35 0.2 080 —1—5 0038 06 1.1 —2—2 0.049 0.2 0.80

2—6 —1—4 0.5 35 0.6 099 0—6 0538 09 1.3 —4—3 0049 03 1.07
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Table VII. Increase in size of clinical primary caries reversals. C 1 & C 2-type development and net increment

Sucrose Fructose Xylitol

Tem R, MIN X SD, Ry MIN X SD;y R, MiN X DS.,

2 0—1 0.0 33 0.1 0.25 0—2 0.0 38 0.2 0.6 0—1 0049 0.1 0.33
Positive 3 0—1 0035 0.0 0.17 0—1 0.0 38 0.2 04 0—1 0049 0.2 0.37
reversals 4 0—2 0034 0.2 044 0—1 0.0 38 0.1 0.2 0—1 0049 0.1 0.27
Ci—->C2 5 0—2 0.0 35 04 070 0—3 0.0 38 04 0.8 0—1 0049 0.1 0.24
6

0—4 0035 038 1.09 0—5 0.0 38 0.6 1.0 0—2 0049 02 049

2 0—0 0.0 33 0.0 0.0 0—2 0.0 38 0.1 0.3 0—6 0.0 49 0.1 0.86
Negative 3 0—1! 0035 0.0 0.17 0—2 0.0 38 0.1 0.4 0—2 0049 0.1 0.36
reversals 4 0—1 0.0 34 0.0 0.17 0—3 0.0 38 0.1 0.5 0—2 0.0 49 0.1 0.36
C2-»>Cl1 5 0—0 0035 0.0 0.0 0—1 0.0 38 0.1 0.3 0—1 0049 0.1 0.24
6 0—2 0.0 35 0.1 0.38 0—0 0.0 38 0.0 0.0 0—1 0.049 0.0 0.14

Cumulative 2-3 0—1 0035 0.1 029 0—3 0.0 38 0.4 0.8 0—2 0,049 0.3 0.50
positive reversals 2—4 0—2 0035 0.2 050 0—4 0.0 38 0.4 0.9 0—2 0.049 04 0.56
Cl—>C2 2—5 0—4 0035 0.6 1.01 0—4 0.0 38 0.8 1.3 0—2 0.049 0.4 061

2—6 0—8 1.0 35 1.4 1.88 0—6 1.0 38 1.4 1.8 0—3 0049 0.6 0.78

Cumulative 23 0—1 0035 0.0 0.17 0—3 0.0 38 0.2 0.6 0—7 0049 0.2 1.04

negative 2—4 0—I1 0.0 35 0.1 024 0—4 0.0 38 0.3 09 0—7 0049 0.3 1.08
reversals 2—5 0—1 0035 0.1 024 0—5 0.0 38 0.3 1.1 0—7 0049 04 I.11
C2->Cl1 26 0—2 0.0 35 0.1 0.50 0—5 0.0 38 0.3 1.1 0—7 0049 04 1.11
Cumulative 2 0—1 0.033 0.1 0.25 0—2 0.0 38 0.2 0.5 —6—1 0.0 49 —0.0 0.94
net 2—3 —I1—1 0035 0.1 034 —1—3 0.038 02 0.7 —7—2 0.049 0.0 1.16
increment 2—4 —1—2 0035 02 058 —3—4 0038 02 10 —7—2 0.049 0.0 1.17
Cla C2 2—-5 0—4 0035 06 099 —1—4 0038 0.5 1.1 —7—2 0.049 0.0 1.17

2—6 0—8 1.0 35 1.3 .77 —1—6 0538 1.1 1.6 —7—2 0049 02 1.29

Table VIIL. Increase in size of clinical and radiographical primary caries reversals. C1 C 2- and CR1& CR2-
type development and net increment

Sucrose Fructose Xylitol
Term Rek MI(N X SD, R MdN xS8D;y R, MiN XS.D,

Cumulative 23 0—2 0035 03 051 0—3 0.0 38 0.6 0.9 0—4 0.0 49 0.6 0.83
positive 2—5 0— 6 1.0 35 1.1 1.37 0—6 1.0 38 13 1.5 0—5 1.0 49 1.1 1.24
reversals 2—6 0—10 1.0 35 2.1 2.39 0—8 2.038 2.1 2.1 0—5 1.049 1.4 1.43

Cumulative 2—-3 0—2 0035 0.2 055 0—3 0.0 38 04 0.8 0—7 0.049 04 1.12

negative 2—5 0—2 0035 03 0.57 0—6 0.0 38 0.6 1.3 0—7 0.0 49 0.6 131
reversals 2—6 0— 3 0035 04 078 0—6 0.0 38 0.7 1.4 0—7 0.0 49 09 1.51
Cumulative 2 —1—1 0033 —00 040 —1—2 0.0 38 0.2 0.7 —5—1 0.0 49 0.0 0.89
netincrement 2—3 —2—2 0.035 0.0 0.76 —2—3 0.0 38 02 1.0 —6—3 0.0 49 0.2 1.30
ClaC2 2—5 —1—4 1035 09 1.04 —2—6 0.038 0.7 1.6 —5—3 0.0 49 0.5 1.31

CRi=& CR2 2—6 0—8 1035 1.7 1.82 —2—7 1038 13 19 —4—3 0049 04 130
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Fig. 2. Development of clinical and radiographic caries reversals. The occurrence of positive and
negative reversals is indicated through arrows. The scheme is incomplete regarding development

of baseline lesions (in brackets).
0 = intact tooth surface
C = clinical caries reversal
CR = radiographical caries reversal
CS = secondary caries reversal
CSR = radiographical secondary caries reversal

were taken using the method described by
Backer Dirks, van Amerongen & Winkler
(1951). This method standardizes the
angulation of the central ray and target
film distance by a special apparatus. In
order to reduce the dose the apparatus
was modified by collimating the beam to
correspond to the size and form of the
film.

The test persons were radiographed four
times during the first year of the trial.
General Electric model 11CE 2—2 X-ray
apparatus was used at 90 kV and 15 mA.

1 = lesion without defect
2 = lesion with defect
F = filled surface (at baseline examination)
NF = new filled surface
( ) = prestudy carious lesions (at baseline

examination)

The high voltage was used to further
minimize the dose. The films were
developed under standardized conditions
and read at 1.5 X magnification in ad-
justable light.

The condition of the distal surface of the
canine and mesial and distal surfaces of the
premolars and molars was recorded from
the radiographs. A radiographic lesion
was recorded as incipient caries (CR 1
or CSR 1) when there was a radiolucent
area involving a part of enamel. An
advanced lesion (CR2 or CSR 2) was
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recorded when a radiolucent area involved
whole enamel up to amelodentinal junction
or involved also dentin.

Evaluation of clinical and radiographic
findings. The parameters at the clinical
(C1,C2,CS 1, CS2,F) and radiographic
(CR 1, CR 2, CSR 1, CSR 2) registrations
were utilized as a basis for calculating the
reversals in diagnosis between the examina-
tions, and the resulting net change. The
positive reversals involved a change in
diagnosis from an intact surface (0) to C 1
or C 2, or when considering separately the
increment in lesion size, from C 1 to C 2.
A negative reversal indicated a corre-
sponding change in the opposite direction.
Consequently, the net increment was ex-
pressed as new carious surfaces (positive
reversals) minus negative reversals
(COCSTOC, 1973). The various possi-
bilities for the occurrence of positive and
negative clinical and radiographic reversals
are schematically indicated in a diagram
(Fig. 2), which should be considered also
with regard to changes in the condition of
prestudy lesions. These parameters for the
clinical and additional radiographic
findings, were calculated separately for
all (28) teeth excluding the wisdom teeth,
and the (4) wisdom teeth, and formed the
essential basis for establishing the caries
increment during the study. The present
intermediate report deals, however, with
the findings covering all other, except
the wisdom teeth.

The total caries incidence was calculated
on the basis of the net increment of carious
surfaces as defined above, part of these
surfaces being replaced by new fillings. In
addition, the new fillings at clinically and
radiographically intact surfaces, and the
number of missed tooth surfaces,
calculated as four surfaces per tooth
extracted due to caries were included in
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the calculations. The overall caries activity
was expressed in additional ways, taking
into account both the quantitative and
qualitative changes. These combined in-
dices will be separately given in combina-
tion with the presentation of the results.

As mentioned above, part of the new

Cl-, C2-, CS1- and CS 2-lesions was
substituted by fillings. This happened
scarcely, and tables showing the changes
from positive caries reversals to filled
surfaces have for this reason not been in-
cluded. On the other hand, all these filled
surfaces were considered as carious, and
not calculated as negative reversals. The
new fillings appearing at surfaces found
a) carious at the baseline examination,
b) carious during the study, and c)
clinically and radiographically intact, were
reported for separately by considering
these three main classes of entry. A
detailed analysis of all subclasses (Fig. 2)
reveals 18 independent ways of entry of
new fillings. Due to an anticipated low
number of new fillings, the subgroups
were combined and only the above three
main categories considered.
Sucrose-, fructose- and xylitol-containing
products. In order to enhance the co-
operation of the participants a variety of
sugar products were developed solely for
use of the test persons during the study.
The total assortment comprised about 100
products containing the specific sugars
used in the trial. The following products
were thus included.

1. Sucrose, fructose and xylitol as a
sweetener in coffee, tea, soft drinks, juices,
soup, porridges, jams and marmelade

2. As a constituent in pastry (about 30
products in each sugar group)

3. As a constituent in sweets (choco-
late, bonbons, dragées, chewing-gum)

4. As a constituent in various high--
sugar containing products (marinated



392 ARJE SCHEININ, KAUKO K. MAKINEN AND KALEVI YLITALO

Table IX. Development of secondary carious lesions without defect. Clinical CS I-type reversals and net increment

Sucrose Fructose Xylitol

Term R¢k; MAN x SD, Ry MAN X S.Dg¢ R, MdN X S.D.,

2 0—2 0.0 33 0.3 0.58 0—2 0.0 38 0.4 0.6 0—3 0.0 49 0.3 0.63

Positive 3 0—3 0.0 35 0.6 0.89 0—3 0.0 38 0.6 0.9 0—4 0.0 49 0.7 0.89
reversals 4 0—2 0.0 34 0.3 0.59 0—2 0.0 38 0.4 0.6 0—3 0.0 49 0.4 0.66
F—- CSt 5 0—3 0.0 35 0.6 0.82 0—3 0.0 38 0.4 0.8 0—2 0.0 49 0.2 0.51
6 0—5 0.0 35 0.6 1.02 0—2 0.0 38 0.3 0.6 0—5 0.0 49 0.5 0.97

2 0—2 0.0 33 0.2 045 0—5 0.0 38 0.2 0.9 0—2 0.0 49 0.2 0.49

Negative 3 0—2 0.0 35 0.2 0.61 0—2 0.0 38 0.1 04 0—2 0.0 49 0.1 0.39
reversals 4 0—2 0.0 34 0.2 0.55 0—3 0.0 38 0.4 0.7 0—3 0.0 49 0.4 0.69
CS1—-F 5 0—1 0.0 35 0.1 0.24 0—3 0.0 38 0.2 0.6 0—2 0.0 49 04 0.60
6 0—1 0.0 35 0.1 0.24 0—2 0.0 38 0.1 0.4 0—3 0.0 49 0.2 0.58

Cumulative 2--3 0—5 0.5 35 0.8 1.11 0—4 1.0 38 1.0 1.1 0—4 0549 09 1.24
positive 2—4 0—6 1.0 35 1.1 1.39 0—5 1.038 1.4 1.3 0—5 1.049 1.3 143
reversals 2—5 0—7 2.0 35 1.7 1.61 0—5 2.038 1.7 14 0—7 1.049 1.5 1.73
F—>CS1 2—6 0—9 2.0 35 2.3 2.10 0—5 2.0 38 2.0 1.6 0—9 2,049 2.0 205
Cumulative 2—3 0—3 0.0 35 0.4 0.85 0—5 0.0 38 0.3 0.9 0—3 0.049 0.3 0.71
negative 2—4 0—5 0.0 35 0.6 1.10 0—6 0.0 38 0.7 1.3 0—4 0.0 49 0.7 1.00
reversals 25 0—6 0.0 35 0.6 1.23 0—6 0.0 38 09 1.4 0—5 1.049 1.0 1.21
CS1—>F 2—6 0—7 0.0 35 0.7 1.43 0—7 0.0 38 1.0 1.5 0—8 1.049 1.2 147
2 —2—2 0.033 0.1 0.71 —5—2 0.038 0.1 1.2 -—2—-3 0049 0.1 0.74

Cumulative 23 —3—3 0035 04 1.21 —3—3 0038 0.7 1.1 —2—4 0.0 49 0.6 1.21
net increment 2—4 —3—3 0.035 05 1.28 —4—3 0.038 0.7 1.3 —3—3 0049 0.6 1.23
Fa CS1 2—S5 —2—4 1035 1.0 145 —4—5 1.038 08 1.4 —3—5 0049 0.5 1.37
2—6 —2—8 2035 1.6 192 —5—5 1.038 1.0 1.6 —4—8 0.0 49 0.8 1.90

Table X. Development of secondary carious lesions without defect. Clinical and additional radiographic CS I and
CSR I-type reversals, and net increment

Sucrose Fructose Xylitol

Term R, MdN x SD, Ry MdN x S.D; R, MdN XxS.D,

Cumulative 2—3 0—5 0.5 35 09 1.13 0—4 1.0 38 1.1 1.1 0— 4 1.049 1.0 1.23
positive reversals 2—5 0—7 2.0 35 1.8 1.63 0—S5 2.0 38 1.8 1.5 0— 8 1.0 49 1.6 1.84
F - (CS1+CSR1) 2—6 0—9 2.0 35 2.4 2.18 0—6 2.0 38 2.2 1.7 0—10 2.0 49 2.1 2.i9
Cumulative 2—3 0—3 0.0 35 0.5 0.90 0—5 0.0 38 04 1.0 0— 3 0.0 49 0.4 0.78
negative reversals 2—5 0—6 0.0 35 0.8 1.23 0—6 1.0 38 1.1 1.4 0— 6 1.0 49 1.1 1.36
(CS1+CSR1) - F 2—6 0—7 0.0 35 0.9 1.44 0—7 1038 1.2 1.5 0— 8 1.0 49 1.3 1.61
Cumulative 2 —2—2 0033 0.1 0.73 —5—-2 0.038 02 1.2 —2— 3 0.0 49 0.1 0.74
net 23 —3—3 0035 04 1,20 —3—3 0.038 06 1.2 —2— 4 0.049 06 1.18
increment 2—5 —2—4 1.035 10 1.39 —4—5 1.038 08 1.5 —3— 5 0.049 0.5 1.52
« (CS14-CSR1) 2—6 —2—9 2035 1.6 200 —5—5 1.038 1.1 1.7 —4— 9 0.0 49 0.8 2.05
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Table XI. Development of secondary carious lesions with defect. Clinical CS 2-type reversals and net increment

Sucrose Fructose Xylitol

Term Ry, Md N X S.D, Ry Md N x S.Dg R, Md N x S.D,

2 0—0 0.0 33 0.0 0.0 0—1 0.0 38 0.0 0.2 0—2 0.0 49 0.2 0.48

Positive 3 0—4 0035 02 0.74 0—3 0.0 38 0.2 0.6 0—1 0.0 49 0.1 0.24
reversals 4 0—1 0034 0.1 029 0—2 0.0 38 0.2 0.4 0—1 0.0 49 0.0 0.14
F-—> CS2 5 0—1 0035 0.1 0.36 0—1 0.0 38 0.1 0.3 0—1 0.0 49 0.0 0.20
6 0—5 0.035 0.3 090 0—2 0.0 38 0.3 0.7 0—2 0.0 49 0.1 0.31

2 0—1 0033 0.0 0.18 0—0 0.0 38 0.0 0.0 0—4 0.0 49 0.1 0.57

Negative 3 0—2 0.0 35 0.1 0.34 0—0 0.0 38 0.0 0.0 0—1 0.0 49 0.0 0.20
reversals 4 0—1 0.0 34 0.0 0.17 0—1 0.0 38 0.0 0.2 0—0 0.0 49 0.0 0.0
CS2—-F 5 0—0 0.0 35 0.0 0.0 0—0 0.0 38 0.0 0.0 0—1 0.0 49 0.0 0.14
6 0—0 0035 0.0 00 0—0 0.0 38 0.0 0.0 0—0 0.0 49 0.0 0.0

Cumulative 2—3 0—4 0035 0.2 0.74 0—3 0.0 38 0.2 0.6 0—3 0.0 49 0.3 0.65
positive 2—4 0—4 0.0 35 0.3 0.81 0—4 0.0 38 0.3 0.9 0—3 0.0 49 0.3 0.71
reversals 2—5 0—5 0035 0.5 1.08 0—4 0.0 38 0.4 0.9 0—3 0.0 49 04 0.75
F—>CS2 2—6 0—8 0035 0.7 1.71 0—4 0.0 38 0.7 1.1 0—5 0.0 49 0.4 095
Cumulative 23 0—2 0.035 0.1 0.38 0—0 0.0 38 0.0 0.0 0—5 0.0 49 0.1 0.72
negative 2—4 0—2 0.0 35 0.1 0.41 0—1 0.0 38 0.0 0.2 0—5 0.0 49 0.1 0.72
reversals 2—5 0—2 0.035 0.1 041 0—1 0.0 38 0.0 0.2 0—5 0.0 49 0.1 0.73
CS2—>F 2—6 0—2 0.035 0.1 041 0—1 0.0 38 0.0 0.2 0—5 0.0 49 0.1 0.73
Cumulative 2 —1—0 0.0 33 —0.0 0.18 0—1 0.0 38 0.0 0.2 —2—1 0.0 49 0.2 0.51
net 2—3 —2—4 0035 0.1 0.86 0—3 0.0 38 0.2 0.6 —2—2 0.0 49 0.2 0.56
increment 2—4 —2—4 0035 02 091 0—3 0.0 38 0.3 0.8 —2—3 0.0 49 0.2 0.64
Fa CS2 2—5 —2—5 0035 04 1.18 0—3 0.0 38 04 0.8 —2—2 0.0 49 0.2 0.62
2—6 —2—8 0035 0.6 1.79 0—3 0.0 38 0.7 1.0 0—2 0.0 49 0.3 0.57

Table XII. Development of secondary carious lesions with defect. Clinical and
CSR 2-type reversals, and net increment

additional radiographic CS 2 and

Sucrose Fructose Xvylitol

Term Ry, MdN x 8.D, Rf MIN x SD;s Ry MdN X SD,
Cumulative 23 0— 4 0035 03 075 0—3 0.0 38 0.2 0.6 0—3 0.0 49 0.3 0.72
positive reversals 2—35 0— 6 0035 06 1.23 0—4 0.0 38 0.6 1.0 0—3 0.0 49 0.4 0.84
F - (CS2+CSR2) 2—6 0—11 0.0 35 1.0 2.21 0—4 0.5 38 1.0 1.2 0—5 0.0 49 0.5 1.05
Cumulative 23 0— 2 0035 0.1 041 0—1 0.0 38 0.t 0.3 0—5 0.0 49 0.2 0.74
negative reversals 2—5 0— 2 0.0 35 0.2 0.46 0—2 0.0 38 0.2 0.5 0—5 0.0 49 0.2 0.77
(CS2+CSR2) > F 2—6 0— 2 0035 03 0.58 0—2 0.0 38 0.2 0.5 0—5 0.0 49 0.2 0.77
Cumulative 2 —1—0 0033 —0.1 025 —1—1 0.0 38 0.0 0.2 —2—2 0.0 49 0.2 0.56
net 2—-3 —2— 4 0035 0.1 089 —1-—-3 0038 0.2 0.6 —2—2 0.0 49 0.2 0.63
increment 2—5 —2—6 0035 04 131 —2—3 0038 04 09 —2—3 0.0 49 0.2 0.69
F & (CS2+CSR2) 2—6 —2—10 0.0 35 0.7 2.21 0—3 0.0 38 0.8 1.0 0—3 0.0 49 0.3 0.71
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herring, cucumber jelly, pickles, mustard,
cough mixture etc.).

A part of the xylitol-containing products
is shown in Fig. 3.

Further studies belonging to the main
project. A variety of associated investiga-
tions were initiated parallel to the main
clinical and radiographic trial. These
studies involved determinations on perio-
dontal tissues, plaque, oral fluid, serum
and urine, in order to observe eventual
other accompanying differences on an
individual level, and between the groups.
The biochemical, microbiological, perio-
dontal and general methodology will be
reported for separately in forthcoming
papers belonging to these series.

Statistical calculations. In view of the
extremely skew distribution of the in-
cidence of dental caries, the discontinuous
nature of the caries indices, and the
relatively small size of the groups, non-
parametric procedures were preferred. The
overall comparison of the differences was
carried out by using the Kruskal-Wallis
test, and the differences between the sugar
groups tested for significance with the
Mann-Whitney U-test (Bradley, 1968;
Chilton, 1967).

ARJE SCHEININ, KAUKO K. MAKINEN AND KALEVI YLITALO

Fig. 3. An assortment of xylitol-
containing products used by the
test persons. In the other sugar
groups the products were of
similar appearance and quality.
Not all manufactured products
are shown.

RESULTS

During the first 12 months of selective
sugar intake only one person in the
X-group ceased from participation. The
reason was diarrhoea, which appeared in a
mild form in part of the test persons in the
X-group in the beginning of the study but
rapidly disappeared completely in most
instances. In the case mentioned, the
symptoms persisted until after some weeks
mere thinking of the products caused
the reaction. This participant was in fact
replaced by another test person. In
prolonged use, solid products, i.e. choco-
late, candy, chewing-gum and pastry,
were well tolerated. The intake of large
amounts of xylitol-containing soft drinks
resulted often in osmotic diarrhoea
of short duration. It should be noted,
however, that in a majority of cases no
side-effects appeared. In the two other
sugar groups no adverse effects were
reported.

In the subsequent calculations 2 further
test persons from the X-group were
excluded, due to lack of maintenance of
diet and nonattendance of part of the
registrations.

As mentioned in

»Material and
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methods», no significant differences were
initially found between the sugar groups.
The baseline values, covering the initial
material, less the 3 participants in the
X-group, is presented in Table IL

During the first year of the study a total
of six series of clinical registrations and
four series of radiographical surveys of
dental caries were carried out. The reasons
for the relative large number of these
inspections will be given in the discussion.
These registrations were evenly spaced
during the year (Figs. 4—5), except the
2nd and 4th clinical inspections which were
carried out immediately after the pre-
ceding series and served as duplicate
determinations for establishing the method
error.

The clinical and radiographic findings
during the first year of intake of the
selective sugars are presented with regard
to the separate parameters and the
combined caries indices of the various
groups. The results are given in a number
of subsequent tables and figures, the
former yielding information about the
positive and negative reversals and their
difference, the net increment at the various
registrations. In addition, the corre-
sponding cumulative values, indicating the
total change during the study, are also
given. The tables further include informa-
tion about the range, median, number of
observations, mean and standard deviation
of the experimental variable.

Primary caries

C I-lesions. The development of clinically
detected new C 1-lesions from intact tooth
surfaces appears in Table III and Fig. 4 a.
After one year of the selective diets there
were thus 9.6 new carious surfaces (positive
reversals) in the S-group, the cor-
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responding values being 8.7 in the F-
group, and 5.3 in the X-group. The dis-
appearance rate (negative reversals) was
5.4 surfaces in the S-group, 6.3 in the
F-group, and 5.3 in the X-group. After
one year the net increment rate of the
clinically detected C 1-lesions was thus
4.2 in the S-group, 2.4 in the F-group, and
0.0 in the X-group. The difference between
the groups was highly significant with
regard to the X- and S-groups (P<0.005),
and significant between the X- and F-
groups (P<0.05). The difference between
the F- and S-groups was not significant.
The significance levels for the variables are
separately shown in Table XXV,

The development of clinically and
additional radiographically detected C 1-
reversals appears similarly in Table IV and
Fig. 4b, the significance level for the
differences between the cumulative net in-
crement in the three groups appearing in
Table XXV.

C 2-lesions. The development of C 2-
lesions from intact tooth surfaces in the
short interval between two series of
registrations was rare. The clinically
detected positive and negative reversals
at the inspections (Table V), the cor-
responding cumulative values and the net
increment (Table V, Fig. 4c) remained
low due to the sporadic occurrence of
these lesions.

The calculations involving the clinical
and additional radiographic findings within
this category (Table VI, Fig. 4 d) showed
similar results, the differences in the net
increment between the groups being not
significant (Table XXV).

Development from C 1- to C 2-lesions.
The development in the size of the lesions
is shown separately for clinically detected
(Table VII) and clinically and radio-
graphically detected lesions (Table VIII).
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Table XIIL. Increase in size of clinical secondary carious lesions. CS 1 & CS 2-type development and net increment

Sucrose Fructose Xylitol

Term R;, MiN X S.Dg Rg MdN x S.Dg Ry MdN X S.D.,

2 0—2 0.0 33 0.1 0.39 0—1 0.0 38 0.1 0.2 0—1 0.0 49 0.2 0.37

Positive 3 0—0 0.0 35 0.0 0.0 0—1 0.0 38 0.1 0.3 0—1 0.0 49 0.0 0.20
reversals 4 0—0 0.0 34 0.0 0.0 0—1 0.0 38 0.1 0.3 0—1 0.0 49 0.0 0.14
CS1->CS2 5 0—1 0.0 35 0.1 0.29 0—1 0.0 38 0.1 0.3 0—2 0.0 49 0.2 0.42
6 0—1 0.0 35 0.1 0.36 0—3 0.0 38 0.3 0.6 0—1 0.0 49 0.0 0.14

2 0—1 0.0 33 0.1 0.30 0—1 0.0 38 0.0 0.2 0—1 0.0 49 0.1 0.24

Negative 3 0—0 0.0 35 0.0 0.0 0—1 0.0 38 0.0 0.2 0—1 0.0 49 0.0 0.20
reversals 4 0—0 0.0 34 0.0 0.0 0—2 0.0 38 0.1 0.3 0—0 0.0 49 0.0 0.0
CS2—->CS1 5 0—0 0.0 35 0.0 0.0 0—1 0.0 38 0.1 0.3 0—0 0.0 49 0.0 0.0
6 0—1 0.0 35 0.1 0.24 0—1 0.0 38 0.0 0.2 0—1 0.0 49 0.0 0.14

Cumulative 2—3 0—2 0.0 35 0.1 0.38 0—1 0.0 38 0.2 04 0—2 0.0 49 0.2 0.45
positive 2—4 0—2 0.0 35 0.1 0.38 0—2 0.0 38 0.2 0.5 0—2 0.0 49 0.2 0.46
reversals 2—5 0—2 0.0 35 0.2 0.46 0—2 0.0 38 0.3 0.6 0—3 0.0 49 0.4 0.70
CS1—>CS2 2—6 0—2 0.0 35 0.3 0.53 0—3 0.0 38 0.6 0.9 0—3 0.0 49 0.4 0.70
Cumulative 2—3 0—1 0.0 35 0.1 0.29 0—1 0.0 38 0.1 0.2 0—1 0.0 49 0.1 0.30
negative 2—4 0—1 0.0 35 0.1 0.29 0—2 0,0 38 0.1 04 0—1 0.0 49 0.1 0.30
reversals 2—5 0—1 0.0 35 0.1 0.29 0—2 0.0 38 0.2 0.5 0—1 0.0 49 0.1 0.30
CS2—+CS1 2—6 0—1 0.0 35 0.1 0.36 0—2 0.0 38 0.2 0.5 0—2 0.0 49 0.1 0.39
Cumulative 2 —1—2 0033 0.0 051 —1—1 0.0 38 00 0.3 —1—1 0.0 49 0.1 0.46
net 2—3 —1—2 0035 00 049 —1—1 0.0 38 0.1 04 —1—2 0.0 49 0.1 0.54
increment 2—4 —1—2 0035 00 049 —2—2 0.038 0.1 06 —1—2 0.0 49 0.1 0.52
CS1=CS2 2—5 - —1—-2 0.035 0.1 051 —2—2 0.0 38 0.1 0.7 —1—3 0.0 49 0.3 0.67
2—6 —1—2 0035 02 067 —2—3 0038 04 1.1 —1—3 0.0 49 0.3 0.70

Table XIV. Increase in

CSR 1 & CSR 2-type development and net increment

size of clinical and radiographical secondary carious lesions. CS1e CS2 and

Sucrose Fructose Xylitol

Term Ry, M N X S.D, Rf MdN X 8.D;g Ry, MdN X DS,
Cumulative 2—3 0—2 0.0 35 0.1 041 0—1 0.0 38 0.2 04 0—2 0.0 49 0.2 048
positive 2—5 0—2 0035 0.2 048 0—2 0.0 38 0.3 0.6 0—3 0.0 49 0.4 0.70
reversals 2—6 0—2 0.0 35 04 054 0—3 0.0 38 0.6 1.0 0—3 0.0 49 0.4 0.70
Cumulative 23 0—1 0.0 35 0.1 029 0—1 0.0 38 0.1 0.3 0—1 0.0 49 0.1 0.30
negative 2—-5 0—1 0.0 35 0.1 0.29 0—2 0,0 38 0.3 0.6 0—1 0.0 49 0.1 0.30
reversals 2—6 0—1 0.0 35 0.1 0.36 0—2 0.0 38 0.3 0.6 0—2 0.0 49 0.1 0.39
Cumulative 2 —1—2 0033 00 051 —1—t 0.0 38 0.0 0.4 —I1—1 0.0 49 0.1 0.48
net increment 2—3 —1—2 0,035 0.0 052 —1—1 00 38 0.1 0.5 —1—2 0.0 49 0.1 0.57
CS1la2CS2 2—5 —1—2 0035 0.1 054 —2—2 0038 0.1 09 —1—3 0.0 49 0.3 0.68
CSR1=- CSR2 2-—6 —1—2 0.0 35 0.2 069 —2—3 0.038 03 1.1 —1—=3 0.0 49 0.3 0.71
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Fig. 4. Cumulative net increment of primary caries reversals,

a. Clinical lesions without defect, 0:=2C 1

b. Clinical and radiographical lesions without defect, 02(C1 4 CR 1)

¢. Clinical lesions with defect, 022C 2

d. Clinical and radiographical lesions with defect,
e. Increase in size of clinical lesions, C1=2C2

2(C2 + CR2)

f. Increase in size of clinical and radiographical lesions, (C1 + CR )&2(C2 + CR2)

Changes from a C l-type to a C2-type
occurred more frequently than direct
development from intact to a C 2-lesion,
the net increment consequently being
moderately high (Table VII, VIII, Fig.
4 e, f). The differences between the X- and
S-groups were highly significant, and
between the X- and F-groups significant
or almost significant (Table XXV). The

differences between the F- and S-groups
were not found significant.

Secondary caries

The development of secondary caiies from
previously filled tooth surfaces was handled
in analogy with primary carious surfaces.
CS I-lesions. The findings are shown
in Table IX and X, and Fig. 5a, b.
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Fig. 5. Cumulative net increment of secondary caries reversals,

. Clinical lesions without defect, FCS 1

. Clinical and radiographical lesions without defect, F=(CS1 4 CSR 1}

Clinical lesions with defect, FCS 2

. Clinical and radiographical lesions with defect, F&(CS 2 4 CSR 2)

Increase in size of clinical lesions, CS 12CS 2

Increase in size of clinical and radiographical lesions, (CS1 4+ CSR1)&(CS2 + CSR2)
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Table XV. Development of new filled surfaces with regard to total number of new fillings, substitution of caries

reversals and intact tooth surfaces

Sucrose Fructose Xylitol
New filled surfaces Term Ry Md N X SDs Rf MA N X SDs Ry Md N X S.D.,
Substitution of I—2 0—4 0 35 012 069 0—1 0 38 005 023 0—0 0 49 0.00 0.00
baseline lesions, 2—3 0—6 0 35 038 1.23 0—14 0 38 147 273 0—18 0 49 1.32 3.02
caries increment 3—5 0—10 0 35 085 220 0—11 O 38 0.63 2.05 0—20 0 49 0.88 295
and intact surfaces 5—6 0— 7 0 35 068 166 0— 8 0 38 087 1.5 0—4 0 49 0.30 0.76
Total develop- 1—2 0—4 0 35 012 069 0—1 0 38 005 023 0—0 0 49 0.00 0.00
ment, cumulative 1—3 0—6 0 35 050 137 0—15 0 38 1.52 2.84 0—18 0 49 1.32 3.02
(NFgo1) 1—5 0—10 0 35 1.35 245 0—26 0 38 2.15 443 0—20 1 49 220 3.97
1—6 0—10 1 35 203 295 0—26 2 38 3.03 448 0—22 1 49 250 4.12
Substitution of 1—2 0—4 0 35 012 069 0— 0 O 38 0.00 000 0— 0 O 49 0.00 0.00
caries increment 2—3 0—2 0 35 0.15 044 0—6 0 38 063 1.17 0— 4 0 49 0.50 0.95
and intact 3— 4 0—1 0 35 006 024 0—1 0 38 003 0.16 0— 1 0 49 0.04 0.20
surfaces 4—5 0— 2 0 35 0.18 046 0— 5 0 38 021 093 0— 3 0 49 0.26 0.69
5—6 0—5 0 35 021 088 0—3 0 38 034 071 0—1 0 49 0.10 0.30
Cumulative 12 0—4 0 35 012 069 0— 0 O 38 000 000 0— O O 49 0.00 0.00
development 1—3 0—4 0 35 026 079 0— 6 0 38 063 1.17 0— 4 0 49 0.50 0.95
(NFpAc +1) 1—4 0—4 0 35 032 081 0—6 0 38 066 1.17 0— 4 0 49 0.54 1.01
1—5 0—4 0 35 050 090 0—11 0 38 0.87 1.89 0— 4 0 49 080 1.10
1—6 0—5 0 35 071 129 0—I1 1 38 1.21 193 0— 4 0 49 090 1.16
Substitution of 1—2 0— 0 0 35 000 000 0—O0 O 38 0.00 000 0— 0 O 49 0.00 0.00
intact surfaces 2—3 0—1 0 35 003 0.17 0—1 0 38 0.05 023 0— 6 0 49 0.18 0.90
3—4 0—0 0 35 000 000 0— O O 38 000 000 0— O O 49 0.00 0.00
4—5 0—2 0 35 009 038 0— 0 0 38 0.00 0.00 0— 0 O 49 0.00 0.00
5—6 0—1 0 35 006 024 0— 1 O 38 005 023 0— 0 0 49 0.00 0.00
Cumulative 1—2 0—0 0 35 000 000 0—0 O 38 000 000 0—O0 0 49 0.00 0.00
development 1-3 0—1 0 35 003 017 0—1 0 38 005 023 0— 6 0 49 0.18 0.9
(NF) 1-4 0—1 0 35 003 017 0—1 0 38 005 023 0— 6 0 49 0.18 0.9
1—5 0—2 0 35 012 041 0—1 0 38 005 023 0— 6 0 49 0.18 0.90
1—6 0—2 0 35 018 046 0— 1 O 38 0.11 031 0— 6 0 49 0.18 0.90

CS 2-lesions. A direct development from

a noncarious filled surface to a 2-type
lesion was rare. The results are shown in
Tables XI, XII, and Fig. 5c,d.

Development from CS 1- to CS 2-lesions.
Changes in size of the secondary lesions
occurred only in sporadic cases. The
results are shown in Tables XIII, X1V, and
Fig. 5e,f.

Significance levels. Despite the cumula-

tive net increment of secondary carious
lesions being in general lower in the X-
group than in the two other groups, there
were no significant differences found with
regard to these parameters (Table XXV).

Filled surfaces

The number of the new filled surfaces was
calculated as described in »Material and
methods». The new fillings appearing at



400

ARJE SCHEININ, KAUKO K, MAKINEN AND KALEVI YLITALO

Table XVI. Cumulative total clinical caries net increment. Sum of C 1, C 2, CS 1 and CS 2-type reversals

Sucrose Fructose Xylitol

Term R Md N X S.Dg R¢ MdN XSDf Ry, MdN X S8.D.x

2 0—10 2533 26232 0—8 2038 2823 0— 72049 24 1.67

Positive 3 0—11 2.035 33280 0—12 2538 2928 0— 82049 22208
reversals 4 0— 7 2.034 2.1 231 0— 7 2.038 2.1 2.1 0—101.049 1.4 1.89
0> (Cl4+C2+ 5 0—8 1035 24220 0—7 1.038 1818 0— 41049 0.7 0.86
CS1+CS2) 6 0—16 2.0 35 2.8 293 0—10 2.0 38 2.6 2.1 0—101.049 1.3 1.79
Negative 2 0— 7 2033 21194 0—11 1.538 2023 0—10 2.0 49 2.0 2.06
reversals 3 0—6 1035 15142 0—8 1.038 1918 0— 72049 1.8 1.73
(C1+C2+ 4 0—5 0034 10140 O0— 6 1.038 151.6 0— 71049 1.5 1.80
CS14-CS2) -0 5 0—5 1035 12145 0—4 1.038 131.2 0— 40049 1.1 1.35
6 0—3 0035 06082 0—3 0.038 0608 0— 80049 0.5 1.28

Net 2 —4—10 0033 05303 —9—6 1.038 0828 —8—51.049 0.5 241
increment 3 —5—-10 1.035 1.8 3.04 —5—11 1.038 1.029 — 7—60.049 0.52.75
0= (Cl+C2+ 4 —5—7 1034 11293 —5—6 0.038 0624 — 6—100.0 49 —0.0 2.65
CS1+CS82) 5 —3— 7 1.035 1225 —3—5 1.038 0519 — 4— 20.0 49 —0.4 1.51
6 —2—14 1.035 22272 —1—9 2038 2021 — 8-101.049 0.7 2.32

Cumulative 23 0—17 5.035 5.7 403 0—16 6.0 38 5.7 4.1 0—14 40 49 4.7 3.10
positive reversals 2—4 0—22 7.035 7.8 541 0—21 8.0 38 7.853 0—17 5.0 49 6.1 4.07
0—->(Cl4+C2 25 0—27 8.0 35 10.2 6.76 0—24 10.0 38 9.6 6.4 0—19 6.0 49 6.8 4.31
+CS1 + CS2) 2—6 3—39 10.5 35 13.0 8.27 1—34 12.5 38 12.2 7.8 0—22 7.0 49 8.1 4.85
Cumulative 23 0— 9 3035 35226 0—11 4.0 38 4.0 3.2 0—12 3.5 49 3.8 3.07
negative reversals 2—4 0—10 4.0 35 4.5 2.90 1—14 4.5 38 5.5 38 0—14 5.0 49 5.2 3.81
(C1 + C2 + 2—5 0—11 5.5 35 3.7 3.23 1—18 6.0 38 6.8 4.3 0—17 6.0 49 6.3 4.20
CS1 + CS2) >0 2—6 0—12 6.0 35 6.3 3.24 1—19 6.0 38 7.3 4.7 0—20 6.0 49 6.8 4.66
Cumulative 2 —4—10 0033 05303 —9—6 1.038 0828 —8—51.049 0.5 241
net 2—3 —4—14 1.035 23 420 —6—10 1.038 1.833 —11— 81,049 09 3.79
increment 2—4 —4—19 2035 33 546 —6—12 2,038 2342 —12—150.549 0.9 4.67
0=2(Cl4+C2 2—5 —4—22 3035 45663 —5—15 2038 2844 —12—120.0 49 0.5 4.55
+ CS1 + CS2) 2—6 —3—34 50135 6.8 799 —4—24 4.0 38 4953 —15—151.049 1.3 549

C1, C2-, CS 1- and CS 2-reversals have

clinically and

radiographically intact

thus been included in the tables and
graphs (Tables III—XIV, Figs. 4, 5)
showing the development of these reversals.

Table XV shows the number of new
fillings, first expressed as the total number
of all new filled surfaces replacing caries
at the baseline examination, substituting
positive caries reversals at the subsequent
examinations, and also at locations found

(Fig. 2). The table also shows the number
of new fillings replacing the positive caries
reversals, and separately, the number of
new filled surfaces at clinically and radio-
graphically intact tooth surfaces (Table
XV, Fig, 2).

Fig. 6 shows separately the total number
of new fillings, and the number of fillings
at surfaces found to be intact or positive
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Fig. 6. Number of new filled sur-
faces after one year of selective
sugar diets,

a. Total number of new fillings,
replacing caries at baseline
examination, substituting posi-
tive caries reversals at sub-
sequent examinations, and also
at clinically and radiographi-
cally intact tooth surfaces

. Number of new fillings
replacing positive caries rever-
sals, and at intact tooth sur-
faces

. Number of new fillings at

clinically and radiographically

intact tooth surfaces

a

reversals. The number of new fillings at
surfaces found clinically and radio-
graphically intact was 0.18 in the S-group,
0.11 in the F-group, and 0.18 in the X-
group. It was taken in account when
calculating the total caries incidence.

Missed surfaces

The number of missed surfaces was
calculated as described in materials and
methods. Tooth extractions occurred only
in a few cases, and had virtually no
influence on the results. The number of
missed surfaces was taken into account
when calculating the total caries incidence.

Combined caries indices

Caries net increment. The clinical caries
net increment was calculated as the
difference between the positive and nega-
tive reversals of the sum of the C 1-, C 2-,
CS 1- and CS 2-lesions (Table XVI). The
cumulative development of the clinical
caries net increment is shown in Table XVI
and Fig. 7 a, the difference between X- and
S-groups, and X- and F-groups being
highly significant (Table XXVI).

The development of clinically and
additional radiographically detected rever-
sals, the net increment and the cumula-

b
S
NF,

t

a b ¢ a b ¢

F X
OtD NFAC+ i NF| -

c

tive net increment is shown combined for
all lesions (C1 + C2 + CS1 + CS2)
in Table XVII and Fig. 7 b, the difference
between the X- and S-groups, and the
X- and F-groups being highly significant
(Table XXVI).

Increase in lesion size. The clinical
reversals in lesion size, shown for all
lesions (C 1= CS 1= CS 2) in Table XVIII
and Fig. 7 c. The corresponding clinically
and additional radiographically detected
findings are shown in Table XIX and
Fig. 7 d, the differences only between the
X- and S-group being significant
(Table XXVI).

Sum of quantitative and qualitative
reversals. The combined development in
the number and size of the lesions is shown
separately for clinically detected (Table
XX, Fig. 7 e) and clinically and additional
radiographically detected reversals (Table
XXi, Fig. 7f), the differences between the
X- and S-groups, and the X- and S-groups
being highly significant (Table XXVI).

Total number of DMF- and intact tooth
surfaces. The development of the number
of DMF-surfaces and its cumulative
changes (Table XXI, Fig. 8) concede the
total loss of intact tooth surfaces during
the study. Qualitative changes were thus
not considered, nor the variations between
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Fig. 7. Cumulative net increment of primary and secondary caries reversals,
a. All clinically detected reversals, C1 + C2 4+ CS1 4+ CS2
b. All clinically and radiographically detected reversals, (C1 4+ C2 4+ CS1 + CS2) + (CR 1

+ CR2 4+ CSR1 4+ CSR2)

¢. Increase in size of clinical lesions, (C1 & C2) + (CS1=2CS2)
d. Increase in size of clinical and radiographical lesions, (C1 C2) + (CS1CS82) + (CR |

#CR2) + (CSR1&#CSR2)

e. Clinical quantitative and qualitative development, (C1 + C2 4+ CS1 4+ CS§2) 4+ (C1=C2)

+(C81C82)

f. Clinical and radiographical quantitative and qualitative development, (C1 + C2 + CS1 +
CS2) + (CR1 + CR2 + CSR1 +CSR2) +(C1l=C2)+(CS1=CS2) + (CR 1

CR2) + (CSR 1= CSR 2)

filled and secondary carious surfaces.
The differences between the X-group, and
on the other hand, the F- and S-groups
were highly significant (Table XXVI). The
total loss of intact tooth surfaces was thus
5.0 in the S-group, 3.8 in the F-group, and
0.5 in the X-group.

Caries activity index. This index covers
not only the loss of intact tooth surfaces
as defined above, but also all qualitative

changes in lesion size and all secondary
carious lesions. The total number of these
qualitative and quantitative changes at the
various registrations, and the cumulative
development is shown in Table XXIII and
Fig. 9 a, the difference between the X- and
S-groups, and the X- and F-groups being
highly significant (Table XXVI).

Total caries incidence, quantitative
changes. The caries increment during the
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Fig. 9. Total caries activity after one year of selective sugar diets,

a. Sum of all quantitative and quahtatlve changes, including cumulative development of DMF-
surfaces (Fig. 8), all secondary caries reversals (Fig. 5 b, d), and all qualitative changes in lesion

_ size (Fig. 74d).

b. Sum of all quantltauve changes, including cumulative development of DMF-surfaces (Fig. 8),
and all secondary caries reversals (Fig. 5b, d).
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Table XVII. Cumulative total clinical and radiographical caries net increment. Sum of C I-, C 2-, CS I-, CS 2-,
CR I-, CR2-, CSRI- and CSR 2-type reversals

Sucrose Fructose Xylitol

Term Rg Md N X S.D, Rf MdN ‘i S.D.¢ Ry MdN X S.D.yx
2 0—10 2,533 2.8 234 0— 8 3.038 3.022 0—17 2,049 26 1.70
Positive 3 1—12 3.0 35 4.1 2,97 0—12 3.0 38 4.0 3.1 0—10 2549 3.2 241
reversals¥* S5 0—16 4.0 34 5.6 4.58 0—15 4038 4.8 34 0—13 2.0 49 3.1 2.67
6 0—25 3.035 39 4.35 0—10 3.0 38 3.6 2.4 0—10 2.0 49 2.0 1.94
2 0—7 2533 26195 0—12 2038 2425 0—11 2049 2.5 2.14
Negative 3 0—7 1035 21173 0— 8 3038 281.8 0— 7 3.049 2.7 1.88
reversals 5 0—7 3034 29 1.87 0—11 3.0 38 3424 0—10 3.0 49 3.3 2,66
6 0— 4 1.035 131,05 0—6 1038 1315 0—9 1.049 14 1.54
2 —4—10 0033 0128 —10—6 0038 0629 —8—5 0049 0.1 2.49
Net 3 —5—10 1.035 20323 —4—10 1.038 1.231 — 5—8 1.049 0.5 3.00
increment 5 —6—12 1.034 27463 — 4—11 0538 1331 — 7—10 0.0 499 —0.2 3.37
6 —2—23 1.535 26414 —3—9 2038 2328 — 910 0549 0.7 2.80
Cumulative 2—3 1—17 6.0 35 6.7 4.06 0—-16 7.0 38 7.0 4.4 1—16 5.549 5.8 3.43
positive 2—5 2—29 10.0 35 12.1 7.52 0—26 11.5 38 11.8 6.7 3—22 8.049 8.8 4.82
reversals 2—6  3—49 13.0 35 16.1 9.98 2—36 15.5 38 15.4 8.3 3—25 10.5 49 10.9 5.53
Cumulative 2—3 0—10 4.0 35 4.6 2.56 0—14 4.5 38 5234 0—14 4549 5.1 322
negative 2—5 1—14 7.0 35 7.4 3.51 1—20 8.0 38 8.7 4.6 0—20 7.549 8.4 4.63
reversals 2—6 2—15 9.0 35 8.6 3.88 2—21 9.0 38 10.0 5.1 0—21 8549 9.8 492
Cumulative 2 —4—10 0033 01289 —10—6 0038 0629 —8—5 0049 0.1 2.49
net 2—3 —3—13 1.035 21414 —9—-10 1538 1837 —I11—9 1049 0.6 4.13
increment 2—5 —4—21 4.035 48 674 — 8—15 3.038 3.1 48 —10—14 0.0 49 0.4 523
2—6 —3—40 5535 74912 — 424 55138 5457 —16—17 1549 1.1 6.08

*0->(C1 +C2+CS1 +CS24+ CR1 + CR2 4+ CSR1 + CSR2)

DISCUSSION

study was also calculated on the basis of
the sum of all quantitative changes, in-
cluding in addition to the increment in
number of decayed, missed and filled tooth
surfaces (ADMFS), also the correspond-
ing development in the number of all
secondary caries reversals. The total
number of all quantitative changes at the
registrations, and the cumulative develop-
ment is shown in Table XXIV and Fig. 9 b,
the differences between the X- and F-
group, and the X- and S-group being
highly significant (Table XXVI).

A long-term clinical trial, aiming at a
comparison of the cariogenicity of various
sugars, conceals by nature a number of
elements influencing the planning of the
study in various, even antagonistic ways.
From the aspect of incidence of dental
caries, the selection of a young, homo-
geneous age group would have been
advantageous. The consideration of the
cooperation of the participants, particu-
larly the predicament of enduring the
selective sugar diets for 2 years, offered,
however, only one choice. The decision
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Table XVIII. Cumulative increase in size of total clinical caries reversals. Sumof Cl 2 C2-and CS1 2 CS 2-
type development

Sucrose Fructose Xylitol
Term Ry MdAN X S.Dg, Re MIN x SDy Ry MdN X DS,
2 0—2 0.0 33 0.2 045 0—3 0038 03 0.7 0—1 0.0 49 0.3 045
Positive 3 0—1 0.0 35 0.0 0.17 0—2 0038 03 0.5 0—2 0.0 49 0.2 0.49
reversals 4 0—2 0.0 34 0.2 0.44 0—1 0038 0.1 03 0—1 0.0 49 0.1 0.30
(ClaC2) + 5 0—2 0.0 35 0.5 0.71 0—4 0038 05 09 0—2 0.0 49 0.2 0.46
(CS1 - C82) 6 0—5 0.0 35 0.9 1.32 0—5 0038 09 1.3 0—2 0.0 49 0.2 0.55
2 0—1 0.0 33 0.1 0.30 0—2 0038 01 04 0—6 0.0 49 0.2 0.88
Negative 3 0—1 0.0 35 0.0 0.17 0—2 0038 01 04 0—2 0.0 49 0.1 0.40
reversals 4 0—1 0.0 34 0.0 0.17 0—3 0038 02 0.6 0—2 0.0 49 0.1 0.36
(c2—-C1 + 5 0—0 0.0 35 0.0 0.0 0—2 0.038 02 04 0—1 0.0 49 0.1 0.24
(CS2 — CS1) 6 0—2 0.0 35 0.1 0.44 0—1 0038 0.0 02 0—2 0.0 49 0.0 0.28
2 —1—2 0033 01 050 —1—3 0.038 02 07 —6—1 0.0 49 0.1 1.03
Net increment 3 —1—1 003500 025 —2—1 0038 01 05 —2—2 0049 0.1 0.68
(Cl=C2) + 4 —1—2 0034 0.1 048 —3—1 0038 —0.0 0.7 —2—1 0.0 49 0.0 0.45
(CS1 & CS2) 5 0—2 003505 07t —1—3 0038 03 09 —1—2 0.049 0.2 0.51
6 —1—S 0035 08 127 —1—5 0038 09 1.4 —2—2 0.049 02 0.63
Cumulative
positive 23 0—2 0.0 35 0.2 0.46 0—4 0038 05 1.0 0—3 0.0 49 0.5 0.74
reversals 2—4 0—2 0.0 35 0.3 0.59 0—S 0.038 07 1.2 0—3 0.049 0.6 0.78
(Cl >-C2) + 2—5 0—4 0.0 35 0.8 1.09 0—6 1.038 1.1 1.5 0—4 1.049 08 1.05
(CS1 > CS2) 2—6 0—9 1.035 1.8 2.12 0—8 1.538 20 22 0—4 1.049 1.0 1.17
Cumulative
negative 23 0—1 0.0 35 0.1 0.33 0—3 0038 02 06 0—7 0.049 03 1.10
reversals 2—4 0—1 0.0 35 0.1 0.36 0—4 0.038 04 09 0—7 0.0 49 0.4 1.16
(C2aCl) + 25 0—1 0.0 35 0.1 0.36 0—S 0038 05 1.1 0—7 0.0 49 0.5 1.18
(CS2= CS1) 2—6 0—2 0.0 35 0.3 0.58 0—5 0038 06 1.2 0—7 0.049 0.5 1.23
Cumulative 2 —1—2 0033 01 050 —1—3 0038 02 07 —6—1 0.0 49 0.1 1.03
net increment 2—3 —I1—2 0.0 35 0.1 0.49 0—4 0038 03 08 —7—3 0.0 49 0.1 1.36
(Cl2C2) + 2—4 —1—2 003502 067 —2—5 0038 03 1.1 —7—3 0.049 0.1 1.39
(CS1=2CS2) 2—5 —1—4 0035 0.7 107 ——5 0038 06 12 —7—4 0.049 03 1.47
' 2—6 —1—9 1.035 15 203 —1—8 1038 15 19 —7—4 0049 0.5 1.62

and the planning in general implied further
imperfections, i.e. the single-blind concept
considered unavoidable, the possibility
offered to the participants to belong to a
specified sugar group, the small size of the
groups, the variations in the sugar intake
between individuals, and the unrealistic
approach aiming at a total substitution of

sucrose through fructose or xylitol. The
age distribution of the material (Table I),
more than half of the test persons being
between 15 to 26 years of age, involved a
considerable number of wisdom teeth
erupting or being extracted for other
causes than caries during the trial. For
this reason, the number of these teeth and
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CS1aCS2.,, CRI2 CR2-, and CSRI 2 CSR 2-type development

Table XIX. Cumulative increase in size of total clinical and radiographic reversals. Sum of C1 2 C2-,

Sucrose Fructose Xvylitol

Term Rg MdN X S.D, Rf MdN x S.Dg Ry MdN X S.D.,

2 0— 2 0033 02 045 0—3 0.038 04 0.8 0—2 0049 0.4 0.53

Positive 3 0— 2 0035 02 050 0—2 0.038 04 0.5 0—3 0.049 0.5 0.79
reversals 5 0— 5 1.034 1.0 1.25 0—4 0538 08 1.1 0—4 0.049 0.6 098
6 0— 5 0035 1.1 144 0—6 1038 1.1 15 0—2 0.049 0.3 061

2 0— 1 0033 02 040 0—2 0038 02 0.5 0—6 0049 0.3 092

Negative 3 0—1 0035 0.1 033 0—2 0038 03 0.6 0—3 0.049 0.2 0.55
reversals 5 0— 1 0034 00 0.17 0—4 0.038 03 08 0—2 0.049 0.2 0.52
6 0— 2 0035 02 054 0—2 0.038 02 0.5 0—3 0.049 0.3 0.68

2 —1—2 0033 —00 059 —t—3 0038 02 08 —5—2 0049 0.1 1.03

Net 3 —1—1 0035 01 054 —2—1 0038 01 06 —3—2 0.049 0.2 094
increment 5 0—5 1034 10 126 ——3 0038 05 1.1 —1—2 0.049 04 0.78
6 —2— 4 0035 09 137 ——6 1038 09 1.5 —3—2 0.0 49 --0.0 0.94

Cumulative 2—3 0— 2 0035 04 065 0—4 0538 08 1.0 0—4 1.049 09 095
positive 2—S5 0—7 1035 14 1.50 0—6 1.038 1.6 1.7 0—5 1.049 15 1.42
reversals 2—6 0—I11 2035 24 264 0—8 2038 27 25 0—5 1.049 1.8 155
Cumulative 2—3 0—2 0035 03 0.58 0—3 0.0 38 0.5 038 0—7 0049 05 1.22
negative 25 0—2 0035 03 059 0—6 0.038 06 14 0—7 0.0 49 0.7 141
reversals 2—6 0—3 0035 05 083 0—6 0038 1.0 14 0—7 0049 1.0 1.67
Cumulative 2 —1—2 0.033 —00 059 —1—3 0038 02 08 —5—2 0049 0.1 1.03
net 2—-3 —2—2 0035 01 079 —2—4 0038 03 1.1 —6—3 0049 04 1.51
increment 2—5 0—S5 1035 10 1.19 —2—6 0038 08 1.7 —5—4 1.049 0.8 1.52
2—6 0—9 1035 19 215 —1—8 1.538 1.7 20 —4—4 1049 038 1.57

tooth surfaces at risk varying considerably,
the wisdom teeth were considered as a
separate group. The calculations in the
present paper thus exclude the wisdom
teeth, the findings covering the latter
being presented separately.

From an opposite point of view, the
solidity of the present long-term studies
may rest in the general arrangement, the
clinical and radiographic findings in
relatively small groups being supplemented
through versatile biochemical and micro-
biological analyses, the results from the
latter studies providing information sup-
porting and explaining the observations

on the caries incidence. Further strength is
gained from the independent arrangement
of the clinical and radiographic assessment
of dental caries, the results thus obtained
supporting each other. Also from an
ethical point of view, as the participants
were not requested to consume sugar-
containing products to any larger extent
than they were used to, the trial seems
acceptable. Still, in order to detect lesions
induced by sugar consumption at the
earliest possible stage, and to prevent
widespread damage to occur, repeated
clinical and radiographic inspections were
arranged at short intervals.
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Table XX. Cumulative total clinical caries net increment and increase in size of total clinical caries reversals. Sum

of Cl-, C2,, CS1-, CS2-, Cla C2, CS1= CS2type development
Sucrose Fructose Xylitol

Term R; MdN X S.Dg Re MdN X S.Dg Ry MdN X S.D.,
2 0—10 3.033 28 234 0—9 3038 31 24 0— 8 2049 2.7 1.82
Positive 3 0—11 2035 33 28 0—12 2538 32 30 0—10 2.049 24 232
reversals 4 0—8 2034 22 253 0— 7 2038 22 22 0—11 1.049 1.5 2,07
5 0—10 3035 29 244 0—8 2038 22 21 0—4 1049 09 1.03
6 0—-20 3035 38 3.83 0—10 3.038 35 26 0—11 1.049 1.5 194
2 0—7 2033 22 196 0—11 1538 21 23 0—12 2,049 22 253
Negative 3 0—-6 1035 1.5 148 0—8 2038 21 1.8 0— 7 2049 19 1.83
reversals 4 0—5 0034 1.1 143 0—8 1038 1.7 1.8 0— 7 1.049 16 1.76
5 0—5 1035 1.2 145 0—5 1038 14 14 0— 4 1.049 1.1 1.36
6 0—3 1035 0.7 083 0—3 0038 06 08 0— 8 0049 0.6 1.30
2 —4—10 00 33 06 305 —6—6 1038 09 27 —1i— 6 1.049 0.5 292
Net 3 —5—10 1035 18 304 —5—11 1038 1.1 30 —6— 8 0049 0.5 292
increment 4 —5—17 1034 17 320 —5— 6 0538 06 25 — 6—11 0.0 49 —0.0 2.7%
5—3—9 2035 1.7 290 —3— 4 1038 08 19 —4—3 :0.0 49 —0.2 1.54
6 —2—18 2535 3.0 357 —1—10 3038 29 25 —8-11 1.049 09 246
Cumulative 2—3 0—17 5.0 35 59 4.09 0—17 6.0 38 6.3 4.4 0—15 4549 52 3.51
positive 2—4 022 7.0 35 8.1 5.63 0—23 8.538 85 5.7 0—19 6.0 49 6.7 4.52
reversals 2—S 028 9.0 3511.0 7.24 0—28 11.0 38 10.7 7.1 0—21 7.049 7.6 4.99
2—6 3—46 11.5 35 148 9.76 1—38 14.0 38 142 9.0 0—24 8049 9.1 5.58
Cumulative 2—3 0— 9 3.0 35 3.6 2.28 0—11 4038 42 32 0—17 3.549 4.1 3.70
negative 2—4 0—-10 4035 4.6 3.00 1—14 5038 59 39 0—19 5049 5.7 4.36
reversals 2—5 0—12 5535 58 3.30 1—18 6.0 38 7.3 4.6 0—20 6.0 49 6.8 4.79
2—6 0—12 6.5:35 6.6 3.22 1—19 6538 79 5.0 0—27 6049 13 540
2 —-—4-10 0033 06 305 —6— 6 1038 09 27 —11—6 1.049 0.5 292
Cumulative 2—3 —4—14 1.0 35 23 422 —4—10 1538 2.1 31 —14—10 1.049 1.1 447
net 2—4 —4—19 2535 35 557 —4—13 3038 26 39 —I15—15 1049 1.0 5.19
increment 2—5 —4—23 4035 52 7.12 —3—15 3538 34 42 —14—12 0549 0.8 5.15
2—6 —3—41 5035 82 927 —4—24 7038 63 56 —22—-15 1549 1.8 6.31

An examination of the results (Tables
HNI—XXIV) reveals slight differences in
the S-group in the number of test persons
examined at various registrations. The
variation is due to not all participants
turning up at the clinical and radiographical
inspections. The cumulative net increment,
and the development in general, is not
affected by these aberrances.

During the first year of the study the

side effects were remarkably few and
consisted no problem with regard to the
test persons ceasing from participation for
this reason. In case this would have been
anticipated at the planning phase of the
study, the three sugar groups would have
been rendered equal in size, which in turn
would have added to the precision of the
results, At present, when testing differences
between the X- and S-groups, and the F-
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Table XXI. Cumulative total clinical and radiographic caries net increment, and increase in size of total clinical
and radiographic caries reversals. Sumof C 1-, C2-, CS 1-, CS2-, CR1-, CR2-,CSR I-, CSR2-,Cl =2 C2-,
CS1:2CS2, CRI= CR2- and CSR 1 & CSR 2-type development

Sucrose Fructose Xylitol

Term Ry MdN X SD, Md N X S.Dg Ry MdAN X S.D.,

2 0—10 3.0 33 29 237 0—10 3538 34 25 0— 9 2549 30 1.85

Positive 3 1—12 3.035 44 3.12 0—13 4038 43 33 0—12 3049 3.7 2.68
reversals 5 0—21 5.0 34 6.6 5.39 0—17 5038 56 4.0 0—14 3.049 3.7 294
6 0—29 4.035 5.0 530 0—12 4.0 38 47 3.1 0—11 2049 23 207

2 0— 8 2533 28 213 0—i2 2038 26 25 0—12 2.0 49 2.7 2.57

Negative 3 0—7 1535 22 1.19 0—8 3038 31 1.8 0— 8 3.049 29 206
reversals 5 0— 7 3034 29 1.89 0—13 3.038 38 27 0—10 3.0 49 35 273
6 0— 5 1025 1.5 1.24 0— 7 1038 1.5 1.8 0—9 1049 1.7 L7

2 5—10 0033 01 303 —7— 6 1038 08 28 —I10— 6 1.049 02 292

Net 3 —5—-10 1035 21 332 —4—11 1038 12 33 —5—9 1.049 0.8 3.07
increment 5 —6—17 1.034 37 548 —6—11 1038 1.8 34 — 7—I1 0.049 02 345
6 —2—27 2035 35 500 —4—10 3038 32 33 — 8—11 1.049 0.7 292

Cumulative 2—3 2—17 7035 7.1 420 0—19 7538 78 438 1—17 6.049 66 3.83
positive 25 3—36 12,0 35 13.5 8.40 0—30 13.0 38 134 7.7 3—24 9.0 49 10.3 5.46
reversals 2—6 3—56 15.0 35 18.5 12.08 2—40 18.0 38 18.1 9.9 3—-26 12.5 49 12.7 6.15
Cumulative 2—3 0—10 5.0 35 49 278 0—14 5.0 38 57 34 0—18 5.0 49 5.6 3.86
negative 25 1—14 7.0 35 7.7 3.68 1—21 8.5 38 95 49 1—25 8.0 49 92 531
reversals 2—6 2—16 9.0 35 9.1 4.08 2—23 10.0 38 11.0 5.6 1—28 9.5 49 10.8 5.86
Cumulative 2 —5—10 0033 01 303 —7—6 1038 08 28 —10— 6 1.049 02 292
net 2—3 —3—13 1035 22 431 —5—9 1038 21 36 —I3—12 1.049 1.0 4.62
increment 2—5 —3—23 5035 58 745 —4—14 3538 39 48 —12—16 1.049 12 5.51
2—6 —3—47 6535 941080 —4—23 7538 7.1 59 —20-16 2.049 1.8 6.40

and S-groups, the detection of significant
differences relative to the X-group is
favoured to some extent due to the larger
size of this group. The risk of not being
able to discern an existing significant
difference in the case of 38 participants,
when it would be observable with 50
participants, is calculated to about 15 %.

The difference in the incidence of caries
between the F- and S-groups, although
not significant as measured with the
distribution-free statistical methods em-
ployed, is around 25 9%. In case of the
present development continuing also

during the second year of the study, the
differences between the F- and S-groups
may turn out to be significant. In addition,
the evaluation of a part of the results by
using conventional parametric tests may
also yield significant differences so far not
established.

The difference in the caries incidence
between the X- and S-groups far exceeds
the expectations of the authors. It should
be noted that the caries increment rate is
calculated in various ways in order to cover
separately the quantitative changes in
the form of number of lesions, and the
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Table XXII. Total number of decayed, missed and filled tooth surfaces. Cumulative increment of DMFS-
index (A DMFS)

Sucrose Fructose Xylitol
Term Re Md N X S.Dg Re Md N X S.Dg Ry Md N x S.Dy4
1 6—80 47.5 35 44.0 16.69 23—75 45.5 38 47.7 143 18—104 49.5 49 50.7 18.34
2 6—80 45.5 33 43.0 16.31 24—73 47.5 38 48.3 13.7 |8—100:50.5 49 50.8 18.47
3 8—90 50.0 35 46.2 18.21 26—74 47.0 38 49.0 134 19— 97 50.0 49 S51.1 18.31
4 7—94 50.0 35 46.9 18.72 27—75 47.0 38 49.1 134 19— 98 51.0 49 51.2 18.25
5 7—91 50.5 35 47.3 18.32 25—74 48.5 38 499 13.5 19— 99 51.0 49 51.3 18.16
6 9—96 53.0 35 49.0 18.28 24—76 47.5 38 51.6 14.5 22— 92 49.5 49 51.2 18.02
1—-2 —10— 9 00 33 05 330 —8—4 1.0 38 06 23 —5— 4 0.0 49 0.1 2.13
1-3 —4—12 20 35 22 375 —6—7 1.0 38 13 31 —8—10 0.0 49 0.5 379
1—4 —4—15 20 35 29 470 —6—10 2.0 38 14 36 —8— 17 05 49 06 4.38
1—5 — 417 20 35 33 501 — 5—14 20 38 21 39 —10— 13 1.0 49 0.7 4.5
1—6 — 5—-17 30 35 50 580 — 5-20 25 38 138 46 —I12— 15 1.0 49 05 530

Table XXIII. Cumulative increment of quantitative and qualitative reversals. Sum of increment in number of
decayed, missed and filled tooth surfaces (ADMFS), all secondary caries reversals (F—~ CS 1, F— CS 2,
F—>CSR1, F—>CSR2), and increase in size of total clinical and radiographic reversals (Cl1 =2 C2,
CSI2CS2, CRI® CR2, CSRI= CSR2)

Sucrose Fructose Xylitol
Term Rs Md N X S.Dg, R¢ Md N x S.D.s Ry Md N x 8S.D4
1—2 —8—10 1.0 33 05 334 —6—5 1.0 38 09 23 —9— 7 1.0 49 05 265
2—3 —3—16 1.5 33 1.9 3.75 —5—10 1.5 38 14 34 —4—13 1.0 49 1.1 331
35 —3—11 1.0 34 22 3.1 —6— 8 20 38 1.7 28 —6—7 00 49 05 292
5—6 —3-23 20 35 34 499 —5—14 3.0 38 3.3 40 —9—9 0.0 49 0.2 340
1—2 —8—10 1.0 33 0.5 334 —6—5 1.0 38 09 23 —9—7 1.0 49 05 265
1—-3 —3—13 1.5 35 28 425 —5—9 15 38 23 33 —13—15 1.0 49 1.6 4.57
1—5 —3—22 50 35 57 684 —3—15 40 38 4.1 44 —10—20 1.0 49 2.2 577
1—6 —4—42 70 35 91 98 —3—23 75 38 74 55 —16—20 2.0 49 24 6.68

Table XXIV. Cumulative increment of quantitative reversals. Sum of increment in number of decayed, missed and
Silled tooth surfaces (A DMFS) and all secondary caries reversals (F2CS 1, F CS2, F2CSR 1, F2CSR2)

Sucrose Fructose Xylitol
Term Ry Md N Xx S.D, R¢ Md N X S.Dg Ry Md N X S.D,
1—-2 —9—10 1.0 33 05 340 —H9—5 1.0 38 08 253 —5—6 00 49 03 212
2—-3 —3—19 1.5 33 20 415 —6—10 1.5 38 1.5 393 —6—12 1.0 49 09 3.76
3—5 —5—10 00 34 1.8 378 —5—11 0.5 38 1.3 348 — 7—10 0.0 49 0.2 3.54
5—6 —4—-20 20 35 29 461 —5—14 20 38 23 395 —8—-8 0.0 49 0.2 3.76
1—2 —9—10 1.0 33 05 340 —9—5 1.0 38 0.8 253 —5—6 00 49 03 2.12
1-3 —2—12 1.5 35 24 371 —6—10 2.0 38 22 394 — 7—13 05 49 1.2 4.33
1—5 —3—20 40 35 42 555 —5—15 25 38 35 497 —8—18 1.0 49 14 5.28
1—6 —4—-25 50 35 71 757 —4-—23 40 38 5.8 539 —13—19 20 49 1.6 6.66
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Table XXV. Significance level of differences in primary and secondary
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caries incidence between sugar

groups after one year of diet

Variable Symbol Figure Table Kruskal- Mann-Whitney U-test
Wallis X<S8 X<F F<S

Primary carles, cumulative

Clinical caries net increment,

new incipient lesions 0=aCl1 4a I ++ +++ + (7]

Clinical and radiographical caries

net increment, new incipient

lesions 2 (C1+CR1) 4b IV +++ +++ + (7]

Clinical caries net increment,

new advanced lesions 0 C2 4c V (%] (%]

Clinical and radiographical caries

net increment, new advanced

lesions 02 (C24+CR2) 4d VI o o (%]

Clinical caries net increase in

lesion size Cila C2 4e VI + +++ + (4]

Clinical and radiographical caries

net increase in lesion size (C14+CR1)2 (C2+CR2) 4f VIII ++ +4++ (+) o

Secondary caries, cumulative

Clinical caries net increment,

new incipient lesions F—»>CS1 S5a IX o +

Clinical and radiographical caries

net increment, new incipient

lesions F2(CS14+CSR 1)) 5b X (7] %]

Clinical caries net increment,

new advanced lesions F=CS2 5¢ XI o (%]

Clinical and radiographical caries

net increment, new advanced

lesions F+# (CS2+4+CSR 2) 5d XII o (7]

Clinical caries net increase in

lesion size CSia2 CS2 5¢ XII O %]

Clinical and radiographical caries

net increase in lesion size (CS14+CSR1)=(CS2+CSR2) 5f XIV © [}

P L0055 4+
P <001 ++4
P < 0.005 +++

@ = not significant

qualitative changes appearing as altera-
tions in size of the carious lesions. These
indices appear also combined in order to
express the total caries activity. In addi-
tion, the findings are also presented in the
simplest possible way when dealing with
samples of the present size, i.e. the increase

in number of decayed, missed and filled
tooth surfaces. The latter treatment ex-
cludes the changes in the size of the
lesions, and also all changes between filled
and secondary carious surfaces, as a
surface can be considered either carious
or filled, but not both.



Table XXVI. Significance level of differences in total cumulative caries incidence between sugar groups after one

TURKU SUGAR STUDIES 1

411

year of diet

Variable Symbol Figure Table Kruskal- Mann-Whitney U-test
Wallis X<S X<F F<S
Total caries incidence, cumulative
Total clinical caries net incre- S (Cl1+C2+CS14+CS2) 17a Xvl +4+4+ ++4+ +++
ment
Total clinical and radio- 2 [(C1+C2+CS1+CS2) 70 Xvll ++4++ ++4+ +++
graphical caries net increment +(CR14+CR2+CSR 1
4+ CSR 2)]
Total clinical caries net increase (C1 2 C2)+(CS1 & CS2) Tc XVIII @ +
in lesion size
Total clinical and radiographical (C1 =2 C2)+(CS1= CS2)+ 7d XIX + + o
caries net increase in lesion size (CR1=2 CR2)+(CSR 1=
CSR 2)
Total clinical caries net incre- 02 (C14+C24+CS1+4+CS2) 7e XX ++4+ +++ +4++
ment + increase in lesion size +(Claa C2)+(CS1
CS2)
Total clinical and radiographical 0 & [(C1+C24+CS1+CS2) 7f XXl +4++ +++ +++
caries net increment - increase +(CR1+CR24+CSR 1+
in lesion size CSR 2)j+(C1& C2)+
(CS1= CS2)+(CR 1=
CR 2)+(CSR 1= CSR2)
Total number of decayed, ADMFS 8 XX +++ ++4+ ++
missed and filled tooth surfaces
Sum of all quantitative and ADMFS+(F= CSI)+(F+ 9a xXXm +++ +++ +++
qualitative changes CS2) + (F= CSR1) +
(F22CSR2) + (C1lsC2) +
(CS1=2C82) +(CR1=aCR2)
+ (CSR 1 & CSR 2)
Sum of all quantitative changes ADMFS + (F= CS1) + 9b XXIV +4++4+ 44+ +4++

(F= CS2) +

(F= CSR1) + (F= CSR2)

P<005 +
P < 0.01

@ = not significant
++

P < 0.005 +++

Regardless of the way of expressing the
caries indices in qualitative, quantitative
or combined terms, the reduction in the
caries incidence in the X-group as com-
pared to the S-group is of a magnitude
close to 90 %. In view of the effect, a
second long term trial (l-year) involving
only partial substitution of sucrose
through xylitol was initiated already before

the final results fiom the present 2-year
study were available. The intermediate
results of the present study should be
considered in view of the accompanying
biochemical and microbiological findings
(Gehring et al., 1974, Larmas et al., 1974;
Mdkinen & Scheinin, 1974), and also
the final reports appearing in 1975. It is,
however, evident that the cooperation
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regarding the diets turned out to be
worse than expected, and the results in
the X-group thus better than the coopera-
tion gave reason to assume. A full analysis
of the sugar consumption during the study
(Mdkinen & Scheinin, 1975) will further
elucidate the totatintake and its variations
during the study. The intermediate findings
thus clearly show xylitol to be non-
cariogenic, and in addition indicate the
possibility of a therapeutic and reminer-
alizing effect of xylitol on dental caries.
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