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Registration of the site, size and number of carious lesions consti-
tutes a fundamental factor in the recording of caries activity in a
given case.

All methods hitherto available for the clinical recording of dental
caries are to a certain extent unreliable, this unreliability being
apparent from differences found between two immediately succes-
sive examinations of the state of the teeth of one and the same
series of patients, irrespective of the fact whether the examinations
are carried out by one and the same examiner or by two.

LITERATURE

GYTHFELDT (1938) and others point out that most investigations
of caries must be considered with caution, because they do not
define what is to be understood by caries, nor do they describe the
method and the means by which the recordings were made.
GYTHFELDT had a school class of 23 girls examined by 7 dental
surgeons and 7 dental hygienists and found that of altogether
4,479 cavities detected, only 742 of them were observed by all 14
examiners. The deviation from the mean was on the average 22.8
per cent. All of the examiners worked under identical conditions
with the same type of mirrors, probe and syringe and with good
illumination etc. '

SOGNNAES (1940) studied the importance of variations in the
method of registration in school-children. On examination with
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the mirror and probe, he found only 74.2 per cent of the lesions
that could be detected if the teeth were thoroughly cleaned and
with the aid of X-ray films.

JACKSON (1950) showed that the variation between different
examiners is so great that, if the data of the state of the teeth in
a given series are to be comparable, the examiners must work
according to standard methods and under identical conditions.
This will not eliminate individual differences, but it will at any
rate decrease them. DEATHERAGE, WILSON & LEDGERWOOD (1939)
shared this point of view.

In a clinical, roentgenological and histological examination,
BURKET (1941) found that 24 per cent of the carious lesions could
only be detected microscopically.

It is generally agreed that roentgenography is an excellent aid;
DAy & SEDWICK (1935), FixorT (1937), BODMER (1939), SOGNNAES
(1940), CHEYNE & HORNE (1948} and others. As to the number of
lesions missed unless roentgenography is used, opinions differ,
some believing that only 5 per cent are missed, others claiming
that up to 50 per cent can remain undetected. It is apparent, (Bob-
MER 1939 and others) that the use of bite-wing films is superior
to other methods for discovering proximal caries. By this means
the picture obtained is excellent when the plane of the film is
parallel to the longitudinal axis of the dental crowns (cf. LUND-
QVIST, BONOW & GRAHNEN 1948). It is still often difficult to decide
what should be judged as roenigen caries, especially in the molars
and premolars, because there the roentgen rays pass through a
thick layer of enamel with the risk of projection anomalies. How-
ever, any funnel-shaped reduction in the density of the image of
the enamel and eventually also of the dentin cervical to the point
of contact can with great probability be regarded as caries.

DIRKS, VAN AMERONGEN & WINKLER (1951) found that, if the
rubber dam were used at the clinical examination, and if the teeth
were separated, the standard error of the registration method
could be reduced to 2 per cent. However, every examination took
more than 1 hour per patient.

In order to obtain roentgen films taken at identical projection
these authors used a special film holder. With this method the
authors examined 266 children and on the basis of roentgen films
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determined the number of carious proximal surfaces on two occa-
sions at an interval of 14 days. The standard error for every sur-
face was 1—2 per cent. For all surfaces the standard error was
0.3 per cent.

The investigations of these authors demonstrated the lower limit
of the magnitude of the error in the determination of the dental
state under optimal conditions.

In the above-mentioned investigations, the material consisted of
school-children. The deviations would probably have been greater
if the persons studied had been adults possibly with periodontitis
and dental calculus which make inspection difficult.

GENERAL CONSIDERATIONS ON THE ERROR OF THE METHOD
IN THE RECORDING OF CARIES

Carious lesions which can be demonstrated by inspection andfor felt
with a sharp probe are usually classed as clinical caries. However, it
may sometimes be difficult to detect caries with certainty, even on sur-
faces that can be inspected. In a fissure system there might be an ab-
normally deep and narrow fissure or fossa in which the sharp probe is
caught; then it is difficult to say whether the surface is decayed or not.
In patients in whom the gingiva is retracted, the cementum is ex-
posed and it might, especially proximally, be difficult to decide the pre-
sence or absence of caries. If the term caries is extended to include
decalcified spots and discolorations of pre-carious type i. e. “caries with-
out defect” where there is no macroscopic loss of substance, the degree
of uncertainty will be even greater. These chalky spots can be confused
with slight specific mineralisation disorders of the enamel. As the.pre-
carious changes belong to the earlier type of caries, they are of great
importance in dietary experiments with successive examinations. In the
investigations of the commonest type, i. e. analysis of the state of the
teeth as judged by one examination, it is of less importance to include
them in the calculations if these above-mentioned spots are distributed
evenly among the entire material. In such cases they can be excluded if
they are regarded as uncertain; they should, however, be analysed se-
parately.

One of the many advantages of the Moulage System for recor-
ding primary caries according to WESTIN and co-workers is that
the diagnosis of caries is more uniform. WESTIN & WoLD (1943)
also found good agreement between several investigators after a
training period. In the present investigation, the examiners also
underwent satisfaétory preparatory training,



368 THE VIPEHOLM DENTAL CARIES STUDY

In order to standardise the conditions as far as possible for the
recording of clinical caries in the Vipeholmn investigation, the
following rules were stipulated.

1. The material should be examined by one and the same exa-
miner, who should follow the series already before the beginning
of the study of an experimental variable and who should be well-
acquainted with the standardised methods adopted.

2. It was agreed upon what should be understood by carious
lesions. Chalky carious spots were distinguished from mineralisa-
tion disorders.

3. The recordings should be carried out under identical con-
ditions and with the same type of instruments. A sharp probe of
a certain mark should be used. The mirror should be of good
quality and illumination should be satisfactory.

4. All dental surfaces should be carefully cleaned, especially
the gingival third of the facial surface, immediately before the
examination.

5. Generous use should be made of the air syringe in order to
visualise chalky spots.

6. The bite-wing X-ray film should be used as a diagnostic
adjunct.

7. The best possible co-operation between the patient and the
examiner should be aimed at.

Despite careful observation of these rules, discrepancies were
found between the number of carious surfaces noted at consecutive
examinations (QUENSEL 1948, GUSTAFSSON et al. 1954), which
might be referable to the error of the method. On repeated exa-
mination of the material it was observed that cavities diagnosed
earlier were missed or not conceived as caries at subsequent
examination, which resulted in great difficulties in the statistical
calculations. As soon as these discrepancies were discovered, it
was decided that the examiner should have access to data from
the previous examinations. Furthermore, every patient was always
examined by one and the same dentist.

Some of the deviations in the recording of caries might be ascrib-

able to neglect of the examiner, or to poor co-operation with the patient.
The most important cause was, however, probably the above-mentioned
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doubt which is sometimes unavoidable as to what could be classed as
a carious lesion. Divergences of opinion in this respect might give rise
to systematic discrepancies which cause serious difficulties. If the deviation
is in one and the same direction throughout, e. g. when an examiner con-
stantly records too few carious lesions, the data can be analysed and
provide a basis for valid conclusions, if the patients are examined by
the same examiners throughout the entire period of the study. If the
number of patients is large and therefore at least two examiners must be
employed, every group of patients should be divided into two sub-groups,
after which one sub-group should be assigned to each examiner. This
was done in the Vipeholm investigation proper. Even under these cir-
cumstances it is important to know the order of the systematic error for
each examiner and to know whether there is any appreciable difference
between them regarding what they conceive as caries.

The systematic errors discussed above are due to the subjective opi-
nion of the examiner, as to which changes should be classed as caries.
It may therefore be supposed, that he might be influenced by know-
ledge of the fact that a certain change in caries activity is to be expected
in a group of patients because of the experimental conditions. This might
lead to imaginary differences in caries activity and therefore it is also
of importance to know whether any systematic error is constant and in-
dependent of the experimental conditions.

Even if the deviations in the systematic registrations are small, there
will always be a certain error of observation due to occasional unavoid-
able erroneous registration. The changes in the mean of caries activity
figures are influenced not only by any difference due to the experi-
mental conditions, but also, inter alia, by this error of the method and
the individually varying caries disposition. In general, the distribution
of the patients regarding the number of carious surfaces is also extre-
mely skew in a certain group of patients, for which reason it is difficult
to calculate the standard error of the mean with certainty.

In view of the above, the answers to the following questions are

of great importance in a caries study.

1. Do the examiners differ with regard to the systematic devi-
ations concerning their conception of caries?

2. If so, is it one or more types of carious lesions that give rise to
such uncertainty ?

3. Of what type are these systematic variations and of what order
are they?

4. Are the deviations constant for one and the same examiner?

Do the deviations vary with the caries activity?

6. Is it possible numerically to determine the error of the me-
thod?

o
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AUTHOR'S INVESTIGATIONS

In order to eludicate these problems a number of control
studies were carried out in connection with the Vipeholm in-
vestigation.

The Error in the Determination of Caries Frequency

During the first year of Carbohydrate Study II of the Vipeholm
investigation proper, 30 patients with high mean activity were se-
lected and examined by four different examiners, first without
knowledge of the notes or recordings made earlier in the record
cards and then afterwards with the record cards of previous
examinations at hand.

RESULTS

Table 1 shows the results calculated for the total number of
carious lesions. The results demonstrated the well-known fact that
caries frequency figures must be judged with caution when caries
is recorded by different examiners. It is obvious that the deviations
were much smaller when the records of previous examinations were
available to the examiners, which is clear partly from the differ-
ences between the highest and lowest values of each registration
decreasing and partly from the fact that the number of cavities
observed by all 4 examiners increased. B-w and G-n carried out
the main examinations in the Vipeholm examination proper and
it is therefore interesting to note that the difference hetween them
was slight concerning the total number of carious lesions observed.

The Error in the Determination of Caries Activity

The above-mentioned difference between the examiners does not
permit any valid conclusion concerning the error of the method for
examining caries activity in the way the method was used in the
evaluation of the results in studies of the relationship between the
diet and caries activity. As far as the registration of new carious
defects is concerned, i. e. small deviations from the state of the
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TABLE 1

Method controls of caries frequency
30 patients with high caries activity recorded by 4 different

examiners
Examina- Total number of cavities Cavities obser-
§ ved by all
ion B-w G-n K-e Lqgt examiners

Ia Without knowledge of
recordings 1 year ear-
lier 602 471 440 378 281
Ib With knowledge of re-
cordings 1 year ear-

lier (same patients as
in Ia) 569 | 551 472 | 434 377

teeth recorded at a previous examination, the error of the method
might be expected to be great. '

In an attempt to estimate this, two types of control exami-
nations (A and B) were carried out by the examiners B-w and
G-n on patients with high respectively low caries activity.

Control examination type A. In the same patient material with
a high mean activity during Carbohydrate Study II, the number
of new carious surfaces in relation to a corresponding exami-
nation made one year earlier was carried out as a control recor-
ding (I) by two examiners independently of one another. Here
the examinations were also performed first with and then without
access to earlier record sheets (Table 2). At a later control exami-
nation (II) on another series of patient the examiners also had
pre-knowledge of the notes made in the record sheets of earlier
examinations.

These investigations showed the order of the divergence in the
recording of caries between the two examiners. Thanks to the
Moulage System a good idea was obtained of the types of cavilies
that were responsible for the difference of opinion as to whether
a surface was decayed or not (Table 3). Here, this applies most
to “caries without defect” (chalky spots) and the initial stage of
25
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TABLE 2

Method controls of caries activity

New carious surfaces

Num-
Examination ber of Al types of cavities per person
pat. per year
B-w G-n | observed [ o o G-n

by both

Ia Without knowledge of re-
cordings 1 year earlier 30 198 107 78 6.60 | 3.57
Ib With knowledge of recor-
dings 1 year earlier (same
patients as in [a) 30 174 | 152 97 577 | 5.03

II With knowledge of recor-
dings 1 year earlier 30 133 155 104 443 | 517

fissure caries (M 1)'. It is also apparent that the differences in
the conception of what should be classed as caries are systematic
in the following way. B-w has stricter criteria for “caries without
defect” than G-n. In examination II all the differences of this
type were due to G-n. On the other hand G-n requires larger changes
in the fissures than B-w. As to the other types of cavities, no such
distinct differences in diagnosis were noted.

Control examination type B. During the main registrations of
the entire material at Vipeholm, some patients from all experi-
mental groups that had already been examined once (in the
following called first examination), were control-examined 3—4
weeks later among patients who were examined during a later
stage of the recording work (in the following called second exa-
mination). In this control-series, patients were thus examined
twice by one and the same dentist at short intervals and without
the dentist being initially aware that the registration was being
carried out for control purposes, On both occasions the dentist
had pre-knowledge of the state of the teeth one year earlier. The
bite-wing status was the same at the first and second exami-

! The different recordings according to the Moulage System are given with
the prefix M and the figure.



TABLE 3

Types of cavities causing differences between two eraminers.
B-w+, G-n — denotes that the cavity was diagnosed by B-w but
not recorded as such by G-n etc.

1 a., Without knowledge of 1 b. II. With knowledge of
earlier recordings earlier recordings

Type . :

3)? ﬁ::l“::l::y Relative fxl':::[l::l::y Relative
cavity | Bw 4 | Bw — frequensy | Bw 4 | Bw — frequency

Gn — | Gn 4 of of cavities] Gn — | Gn | .. of of cavities
differences differences
% % % %

Cwd 13 5 12.0 14.1 2 35 17.5 14.7
Rtg 13 8.7 4.3 3 2 2.4 3.1
M1 31 3 22.8 19.3 30 6 17.0 12.5
11 2 2 2.7 2.0 3 3.3 1.3
12 1 0.7 0.3 1 1 0.9 0.5
14 1 0.7 0.3
15 0.3
31 4 4 5.4 4.3 6 1 3.3 3.6
32 2 1 2.0 2.3 2 0.9 1.8
33 0.5
41 9 6.0 7.2 1 3 1.9 4.6
42 1 0.7 1.6 1 0.5 0.5
43 1 1 1.3 1.3 2 0.9 13
44 0.7 0.8
45 0.3 0.3
51 15 3 12.0 14.1 26 15 19.3 16.4
51/63 1 0.7 0.3
52 2 1.3 2.0 1 0.5 1.6
55 13 8 141 14.1 21 25 21.7 23.3
56 1 0.7 5.2 1 3 1.9 7.2
58 2 0.9 1.0
59 4 1.9 1.3
61 3 2.0 23 2 1 1.4 1.1
63 2 1 2.0 1.3 2 24 0.8
66 1 0.7 0.3
71 1 0.7 0.3 1 0.5 0.2
72 1 0.7 0.3 0.7
78/01 1 0.2 0.3
74 1 0.5 0.3
77 0.3
82 2 1.3 0.7 0.2
83 0.3
91 1 0.5 0.2

25%*
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TABLE 4

Method controls by recordings at short intervals by one and the
same examiner. (With knowledge of earlier recordings)

New carious surfaces

Examina- Exa- Number All types of cavities per by ;':;’r"
tion miner |of patients cent of
Ist 2nd at both 1st 1st 2nd
exam. [ exam. | exam. | exam | €xam. | exam.
III a G-n 44 104 139 81 779 | 2.36 | 3.16
b G-n 30 97 110 88 90.7 | 3.23 | 3.67
IV a B-w 42 82 111 53 646 | 1.95 | 2.64
b B-w 29 112 137 101 80.4 | 3.86 | 4.72

nations. These control examinations (Table 4) are, with the ex-
ception of the time factor, a reproduction of how caries activity
is usually determined in the Vipeholm investigation.

Of those cavities that were recorded on the first examination,
G-n recorded 78 and 91 per cent on the second, the corresponding
figures for B-w being 65 and 80 per cent. If the caries activity is
calculated (Tables 2 and 4) variations in the mean value of new
carious surfaces per person per year of 0.5 to 1 unit occur.

In the controls, III and IV, some of the difference, (about 0.25)
can, however, be due to the time that had elapsed between the
first and second examinations. Here the same types of caries
dominate as before among those for whom variations were regi-
stered, although the tendency here is different. Thus both in exa-
minations IV a and IV b, B-w recorded the greatest number of
deviations for “‘caries without defect”, whereas before it was
for M 1 (Table 5).

DISCUSSION

Close analysis of the figures given inform us but little of the
error of the method, because it is not possible on a given occasion
to determine the true value of the number of new cavities with
which the observed values are to be compared. Further, the re-
cording made 1 year earlier and with which the subsequent exa-
mination data are to be compared has its own error. Therefore the



TABLE 5

Types of cavities causing differences between two recordings by
one and the same examiner

IIl a and b. With know!edge of IV a and b. With knowledge of
recordings 1 year earlier recordings 1 year earlier

Type : .

2)? f:‘e‘:;l:::r‘xv:y Relative fi:;ls:x:,:y Relative
cavity | Gn 1st |Gn 2nd of frequency | Bw 1st | Bw 2nd of freque.n.cy

exam. | exam. | s o ces of cu;ilies exam. | exam. ( .o o ces ofca;mes
% : % ¢

Cwd 5 25 26.8 26.7 9 32 30.6 24.4
Rtg 5 4 8.0 4.4 5 3.7 3.8
M1 5 6 9.8 7.6 6 17 17.2 16.3
02 0.7 0.7
11 1 3 3.6 4.4 3 5 6.0 5.2
12 1 2 2.7 2.9 2 1.5 2.5
13 2.4 1 0.7 0.2
14 0.9
15 0.7
16 0.2
24 0.2
31 9 8.0 4.7 2 7 6.7 3.4
32 2 3 4.5 3.3 1 0.7 3.6
33 1 0.9 0.7 0.9
34 0.5
35 0.7
41 3 5 7.1 15.3 3 7 7.5 8.4
42 0.2 1 0.7 2.0
43 2 1.8 4.7 1 0.7 0.5
43/64 0.5
44 1 1 1.8 1.1
45 0.2 2.3
46 0.2
47 1 0.9 0.9
51 4 5.4 6.2 16 11.9 111
52 1 0.9 1.3 0.5
53 1 0.9 0.2
55 2 7 8.0 5.1 5 6 8.2 7.0
56 2 3 4.5 3.3 1 0.7 2.9
58 2 1.8 1.1
61 0.4 1 0.7 0.2
63 1 0.7 0.2
66 0.2
71 1 0.7 0.2
73 0.2
82 1 0.9 0.2
83 2 1.8 0.4 1 0.7 0.7
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calculation of the error of the method in determining caries
activity cannot be made according to standard procedures and
the analysis is in fact rather complicated. A difference between
two- successive observations may be due to various factors. For
instance, an intact dental surface may have been erroneously re-
corded by the examiner as decayed, plus-registration or over-regi-
stration, or a carious surface may have been missed and therefore
not registered by the examiner, minus-registration or under-regi-
stration. The number of new carious dental surfaces recorded by
an examiner for a given patient can thus include errors of both
types.

As the recording at the control examinations were carried out
independently of one another, a given tooth surface may be clas-
sed in 4 different ways:

both examiners class it as carious;

B-w records it as carious, while G-n regards it as intact;
B-w regards it as intact, while G-n regards it as carious;
both examiners class the surface as intact.

If the number of plus-registrations or minus-registrations are
relatively small, it will hardly occur that a given dental surface is
classed erroneously by both examiners. Therefore, a surface that
is classed as carious by two examiners must thus be regarded as
really being carious and a dental surface classed as intact by both
must also be regarded as really being intact.

The dental surfaces classed as decayed by both examiners can
therefore be regarded as a minimum value of the true number of
carious surfaces. The surfaces that are judged as carious by
both of the examiners in common or separately, i.e., the total
number of surfaces that have been diagnosed as decayed, may be
regarded as the maximum number of really carious dental sur-
faces.

The dental surfaces of a number of patients examined at the
control examinations type A could thus be grouped as follows:

the number of surfaces which were recorded as carious by

both examiners (minimum number);

the number of surfaces classed as carious by G-n;

the number of surfaces classed as carious by B-w;
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TABLE 6

Maximum and minimum number of new carious surfaces. Same
patients examined by different examiners

Distribution according
Examination to caries activity.
0 1-3 4—6 7—
1 a. Without know- | Number of patients| 30 1 9 5 15
ledge of record-| Maximum number
ings 1 year earlier| of carious sur-
faces 227 0 18 24 185
Rec. by B-w only 198 0 18 22 158
Rec. by G-n only 107 0 3 6 98
Minimum number
of carious sur-
faces 78 0 3 4 71
1b. With knowledge | Number of patients| 30 3 9 14 14
of recordings 1 Maximum number
year earlier of carious sur-
faces 229 0 16 20 193
Rec. by B-w only 174 0 15 13 146
Rec. by G-n only 152 0 7 12 133
Minimum number ’
of carious sur-
faces 97 0 6 5 86
1b. With knowledge | Number of patients| 30 3 10 5 12
of recordings 1 |Maximum number
year earlier of carious sur-
faces 184 1 16 26 | 141
Rec.by B-wonly | 133 0 12 19 | 102
Rec. by G-n only 155 0 15 22 | 118
Minimum number ]
of carious sur-
faces 104 0 10 15 79

the total number of surfaces judged as carious (maximum

namber). _

Similar considerations and possibilites may also hold good for
the results of the control examinations type B where the patients
were re-examined after a short interval by the same examiners.
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Tables 6 and 7 give these numbers for every control exami-
nation in relation to the caries activity classes of the patients
calculated from the maximum numbers of carious surfaces.

As each patient was examined by only one dentist in the ordi-
nary main investigation only one value of his caries activity is
available.

After having decided upon the predominance of plus- respec-
tively minus-registration, the unreliability of an individual obser-
vation can be assumed in these control studies by comparison
with the above defined minimum- and maximum-values and with
the observation of the other examiner,

If no plus-registrations are made but only minus-registrations,
there must be a systematic error which may vary somewhat for
the two examiners, B-w and G-n, and the order of the standard
deviation and standard error can be determined by analysing the
differences between the maximum numbers of carious surfaces
and the values of the individual examiner.

If only plus-registrations are made, the difference between the
value for the individual examiner and the minimum number is
an expression of the average order and variation of the plus-regi-
stration.

If, on the other hand, the observations are compared pairwise
with one another, the difference between them will be an ex-
pression of the error in both examinations. From this difference,
the reliability of the individual examination can be determined,
whereby it cannot, however, be decided whether the type of syste-
matic error is plus- or minus-registration.

For the continued analysis it is of importance to determine
whether the difference between the two examiners is referable
mainly to the occurrence of minus-registration or the occurrence
of plus-registration. In the evaluation of the error of the single
observation, however, this analysis must still be done against the
background of both possibilities.

The occurrence of minus-registration should be greater for per-
sons with high caries activity, while plus-registrations should be
independent of the caries activity of the patient.

Therefore, if the patients in the control studies are divided
according to activity, as in Table 8, on the basis of the above-de-



TABLE 7

Maximum and minimum number of new carious surfaces. Pati-
ents examined at short intervals by one and the same examiner.
(With knowledge of recordings 1 year earlier)

Distribution according

Examination to caries activity.

0 1-3 4—6 7—

1T a. G-n Number of patients| 44 13 16 10 5
Maximum number

of carious sur-
faces 162 0 33 50 79

Rec. at 1st exam. 104 0 21 33 50
Rec. at 2nd exam. 139 0 25 41 73
Minimum number
of carious sur-
faces 81 0 13 24 44
Il b. G-n Number of patients| 30 10 6 9 5
Maximum number
of carious sur-
faces 119 0 11 41 67
Rec. at 1st exam. 97 0 8 30 59

Rec.at 2nd exam. | 110 o | 10 | 37 63
Minimum number '
of carious sur-

faces 88 0 7 26 55

IVa. B-w Number of patients| 42 8 18 9 7
Maximum number
of carious sur-

faces 140 ] 25 40 15
Rec. at 1st exam. 82 0 14 22 46
Rec. at 2nd exam. 111 0 21 33 57
Minimum number

of carious sur-

faces 53 0 10 15 28

IV b. B-w Number of patients| g9 4 11 6 8
Maximum number
of carious sur-

faces 148 0 16 27 105
Rec. at 1st exam. 112 0 4 18 90
Rec. at 2nd exam. 137 0 15 25 97
Minimum number

of carious sur-

faces 101 0 3 16 82
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TABLE 8
Distribution of minus-registrations according to caries activity
Activity class (according to max,
Examiner number of new surfaces)
1-3 48 7—
G-n Number of patients 11 28 36
Maximum number of new cari-
ous surfaces 76 137 480
Recorded by G-n only 54 104 373
Minus-registrations in per cent
of the maximum numbers 29 24 22
B-w Number of patients 28 24 41
Maximum number of new cari-
ous surfaces 73 113 511
Recorded by B-w only b4 81 393
Minus-registrations in per cent
of the maximum numbers 26 28 23

fined maximum number of carious surfaces, it will be seen that
the number of cavities detected by the examiner in relation to the
maximum number varies only slightly with the caries activity of
the patient. In the group with highest activity, the discovery per
cent of the single examiner was 77 against 73 per cent for the
groups with lowest aclivity. The difference is only slightly less
than the standard error of the mean. The slightly lower figures
for the percentage of discoveries in the groups with lower activity
suggests that the number of any plus-registrations should be
smaller in relation to the number of minus-registrations. It should,
however, be observed that the material used for control exami-
nation consisted mainly of patients with high caries activity. It
was not possible with this material to draw any precise conclu-
sions regarding the relationship between the number of plus-regi-
strations and minus-registrations.

Table 8 shows that there was no difference between B-w and
G-n regarding the percentage of cavities discovered. This is also
apparent from Table 9. The percentages of the discoveries there
also fluctuated, though without any added difference between the
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TABLE 9
Discovery per cent in all control examinations
Examiner
Examination

G-n B-w

Ia 47 87

Ib 66 76

1l 84 74

Il a 75 —

Il b 87 —

IV a — 69

IV b — 84

recordings made by the examiners in examination 1 a, which was
performed in a manner deviating from the ordinary examinations
in that it was done without the examiners having access to the
dental cards from the preceding examination.

The Error of the Single Observation

The value observed at a given examination for a patient must,
according to what was said above, be regarded as including an
error of varying order. In addition to fluctuation from one exa-
mination to the other, the error of the method can be systematic
in that either plus-registration or minus-registration might be pre-
dominant, In accordance with what was said above it might be
assumed that the minus-registrations were predominant and then
one might imagine two imaginary extreme cases, one in which
no plus-registrations are possible and another in which the minus-
registrations and plus-registrations occur at one and the same
average frequency.

If only minus-registrations occur, the observed values will be
below or identical with the true value. If the error in this case is
measured by the difference between the calculated maximum
number and that observed by the individual examiner, the result
will be that given in Table 10. _

The average number of minus-registrations per patient is jud-
ged in this way to be 1.12 per patient in these active groups and
the standard deviation as 1.7. As it cannot be avoided that some
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cavities remain undetected by any of the examiners, the number
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TABLE 10

The frequency of minus-registrations

Number of patients with
. number of minus-registrations
Number of : N
s in the first column
minus-
registrations Exgminer Examiner
G-n B-w
0 115 101
1 47 43
2 18 27
3 13 13
4 4 5
5 4 3
6 3 5
7 2 —
8 1 1
9 —
10 o.fl. 1 4
Number 208 202
Mean 1.00 1.23

of minus-registrations was probably slightly higher.

For patients with a low observed number of new carious sur-
faces, on the other hand, the figures are lower. For patients with
an observed number=0, the minus-registrations are assessed at
about 0.46 per person with a standard deviation of 1.0 units
(Table 11). If the observed value 1—3 cavities is judged in this

TABLE 11

Minus-registrations and caries activity

Minus-recording

Activity class

Standard

Number Mean deviation
0 113 0.47 1.0
1—3 155 0.92 1.5
1—6 62 1.29 2.0
7 80 2.25 2.5

Total 410 1.12 17
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manner, the number of minus-registrations will be 0.93 with a
standard deviation of 1.5 units, i. e. the true value should be as-
sessed at 0.93 units higher than that observed.

If it be assumed that both minus-registrations and plus-regi-
strations were just as common, the following procedure might be
adopted. Every measurement of caries activity includes an error
that might be positive or negative. The difference between two
measurements is therefore composed of two errors which are in-
dependent of each other.

According to the ordinary statistical rules, then, the average
error of the method ¢ is calculated from the average value of the
squares of the differences in accordance with the formula

| /2
2n
where d indicates the observed difference and n the number of
observations.

The formula of course requires that both examiners use the
same measuring technique. Figures given earlier suggest that
there was no appreciable difference between the examiners in
this respect.

Even if plus-registrations and minus-registrations be sup-
posed to be just as common this does not hold true if the data
are grouped according to activity classes. It is thus evident that
the observed value 0 can never be influenced by plus-registrations
but only by minus-registrations. A high observed value should
thus, in the same way, likewise be regarded as influenced more
by plus-registrations than by minus-registrations, But the value
of the co-examiner does give a non-systematically influenced
expression for the correct number of new carious dental surfaces.

This is illustrated in Table 12, where the differences between
the observed values and the values recorded by the co-examiner
are recorded against different activity classes.

In the previous analysis, all dental surfaces in which carious
changes were observed were classed as new carious surfaces. In
order to investigate whether the observations could be classed as
more certain or less certain when cavities of the type roentgen
caries, “‘caries without defect” and M 1 were not included, these
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TABLE 12
Order of systematic difference in relation to caries activity
Activity class Mean Standard
deviation
0 — 0.46 0.7
1—3 —0.26 12
1—6 + 032 1.7
= 4+ 0.88 2.8

types of lesions were excluded. Here the same calculation was
performed in this respect as in the corresponding calculations in
the Vipeholm investigation proper. Thus, only surfaces with
cavities other than roentgen caries, “caries without defect”
and M1 were regarded as new carious surfaces. Therefore, a
cavity of larger type which at an earlier examination had been
of the type for example “caries without defect”, will be classed
as a new carious lesion. Then, in an analogous manner as
for the total number of cavities, the maximum number and the
minimum number of new carious surfaces were calculated (Table
13) and the relative frequency of minus-registrations (Table 14).
These figures suggested a slight tendency to more accurate re-
sults if the smaller changes were excluded from the observations.
If the unreliability of the single observation was calculated in the
same manner as when all types of lesions were included the
values obtained are given in Table 15,

As long as the relative frequency of plus- and minus-registra-
tions is constant, the comparison between different groups of pa-
tients is not influenced.

If the percentage of minus-registrations is just as large inde-
pendently of the caries activity of the patients, the absolute but
not the relative differences between different groups will be in-
fluenced.

For estimating the differences between different patient groups
it is therefore more or less immaterial whether the plus- or minus-
registrations are predominant as long as they are only constant
throughout. The most important factor is the reliability with which
the caries activity of a given person can be determined.
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TABLE 13

Mazximum and minimum number of new carious surfaces if initial
lesions (Cwd, Rtg and M 1) are not recorded

Examination
Ia Ib I
Number of patients 30 30 30
Maximum number of
carious surfaces 187 195 172
Rec. by G-n only 99 133 147
Rec. by B-w only 162 156 129
Minimum number of
carious surfaces 74 94 104
Il a I b IVa IVb
Number of patients 44 30 42 29
Maximum number of
carious surfaces 124 118 115 144
Rec. by G-n only 81 91 69 109
Rec. by B-w only 107 109 92 127
Minimum number of
carious surfaces 64 84 46 92
TABLE 14

Relative number of minus-registrations if initial lesions
(Cwd, Rtg and M 1) are not recorded

Examiner
Examination

G-n B-w
% %
ITa 53 87
Ib 68 80
II 85 75
I a 76 —
II'b 86 —
IV a — 70
IVb — 82
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TABLE 15

Order of systematic difference in relation to caries activity if initial
lesions (Cwd, Rtg and M 1) are not recorded

Activity class Mean Standard
deviation
0 —0.29 0.4
13 —0.22 11
4—6 +0.13 2.1
— +1.05 2.4

On the basis of the standard deviation calculated here (Tables
11, 13 and 15), it may be concluded that the error of the single
observations in a group of patients with low mean aclivity can
be of the order of 1 new carious surface per person or somewhat
lower. A mean based on 40—50 individuals will therefore have an
uncertainty of 0.15 because of the error of the observation. With
observations of the same group at different occasions, this error
might mean a deviation of, on the average, 0.2 new carious sur-
faces per person, or, sometimes, still more. It is highly probable
that a difference in two successive means of 0.5 units is not due
to an error in the determination of caries activity. In the eva-
luation of differences in means of caries activity between two dit-
ferent groups, it should, however, be borne in mind that the diffe-
rences found are not due entirely to the error of determinations
but also to the individual differences in caries susceptibility, for
which reason the difference between two means for caries activity
must be greater than 0.5 units to be significant.

In the evaluation of the examinations performed here of the
error involved in the determination of caries activity, it must be
recollected that the material consists of mentally deficient pati-
ents who sometimes co-operate only poorly at the examination.
The results thus show nothing of the accuracy of the clinical
examinations or recording of caries in general. As the error
of the method was studied only concerning the question whether
a surface was decayed or not, the investigation was not a mea-
sure of the value of the Moulage System for registering pri-
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mary caries according to WESTIN and co-workers. This is also
accentuated by the fact that the examinations included carious
changes of the type roentgen caries, “caries without defect”,
which lesions are not included as caries in the Moulage System.

Summary

The questions posed in the introduction could thus be answered
as follows by the control examinations and the successive ana-
lysis regarding the examiners and the methods used in the Vipe-
holm Dental Caries Study:

1. The method for determining caries activity had inherent
systematic errors. There was a slight difference between the criteria
of the two examiners concerning what should be regarded as
caries in initial stages in fissure systems and on facial surfaces.

2. The deviations seemed to consist mainly of a tendency to
under-registration.

3. The differences were of the same order for both examiners
and appeared to be independent of the caries activity of the
material.

4. In a series with low mean activity (1—3 new carious sur-
faces per person per year) the error of a single observation was of
the order of 1 new carious surface. A mean of caries activity based
on 40—>50 individuals thus had an unreliability of on the average
0.2 new carious surfaces per person per year.
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