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In Vivo Calculus Assessment: Part I
A Method and Its Examiner Reproducibility

BY A.R. VOLPE,* J. H. MANHOLD* anp S. P. HAZEN**

LINICAL evaluations of calculus
< have been made in both epi-

demiological surveys and in studies
to determine the effect of potential cal-
culus inhibiting formulations. The methods
of evaluation have been varied. Disclosing
solutions of various colors and chemical
composition, subjective classification by the
examiner, and intraoral photographs all
have been employed with various degrees
of success.'® In 195720 cellulose acetate
strips were contoured and fastened to the
lingual surface of lower anterior teeth pro-
viding for the collection and histologic
study of plaque and calculus. This method
was modified a year later®! to utilize rough-
ened polyester strips and has since been
used extensively???? to study calculus for-
mation. In 1961%° a method of calculus
assessment was presented which also de-
pends upon the attachment of polyester
foils to tooth surfaces and is reported to
have the additional advantage of allowing
chemical analysis of the accumulations.?1-34
Additionally, in 1961, the Calculus Surface
Index method?*%7 was introduced. In this
technique all surfaces of the lower four
anterior incisors are air-dried and the ex-
aminer determines the presence or absence
of subgingival or supragingival calculus on
the total 16 surfaces by tactile examination
with the tine of a dental explorer. The
C.S.I. method is reported to have excellent
reproducibility among examiners and is
purported to be especially efficacious in
detecting subgingival calculus.

In 196238 a method of calculus assess-

#*New Jersey College of Medicine and Dentistry,
Jersey City, New Jersey.

#**School of Dentistry, State University of New
York at Buffalo, Buffalo, New York.

This study was supported by a grant from the
Colgate-Palmolive Company.

ment was set forth which utilizes a perio-
dontal probe, graduated in millimeters, and
tape colored at one end to facilitate accu-
rate readings. This system measures calcu-
lus formation on the lingual surface of the
lower incisors by bisecting the surfaces
with the periodontal probe and recording
the calculus heights in millimeters.

This report will present additional data
concerning this periodontal probe (V-M)
method of calculus assessment and will
include:

(1) Data from a 3 month calculus clini-
cal study demonstrating examiner repro-
ducibility, and

(2) A modification of the originally
presented technique which is believed will
result in increased sensitivity and conse-
quently greater reproducibility of calculus
assessment.

METHOD AND PROCEDURE

A. Technigue. Calculus is a solid mass
having height, width, depth and weight or
volume. Height and width measurements
were selected as the most logical, simplest
and probably most easily reproducible
measurements for in vivo studies. The lin-
gual surfaces of the lower anterior teeth
were selected as those to be measured be-
cause of their predisposition toward calcu-
lus formation. The periodontal probe, pre-
viously described, was inserted to the most
inferior border of visible calculus forma-
tion in such a manner as to bisect the lin-
gual surface of the lower incisors (Figure
I), or to reach diagonally through the
point of greatest height of calculus forma-
tion (Figure II).

Prior to calculus evaluation, the subjects
were instructed to brush their teeth to re-
move as much non-calcified material as

Page 32/292



Figure I. This photo shows the tape-colored periodontal probe as it is inserted to
the most inferior border of calculus formation and bisects the lingual surface of the
lower anterior teeth.

Figure IV. This photo illustrates the second planew ofk meésﬁrement. The probé is
positioned diagonally through the mesio-incisal angle of the tooth through the area
of greatest calculus height.
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Figure V. The third measurement plane is shown in this view. The probe is positioned
diagonally through the disto-incisal angle of the tooth through the area of greatest
calculus height.
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possible because in the evaluation of anti-
calculus agents only the material which
remains after routine toothbrushing pro-
cedures is considered to be of importance.
The teeth were dried by a stream of air and
the height of the calculus was measured by
the periodontal probe. The outline, loca-
tion, and height of the calculus then were
recorded on score sheets. A sample sheet is
shown in Figure IIL.

It is essential to note at this time that
this procedure must be followed accurately
to obtain reliable, reproducible results. Any
material remaining on the teeth, other than
actual calculus, may confuse the measure-
ments. Also, teeth which are not thor-
oughly dried may give the impression of
an absence of calculus. It is suggested that
the stream of air from a dental unit or
small portable compressor be allowed to
dry the teeth for at least 30 seconds before
any measurements are attempted.

B. Clinical Study. In the clinical study
employed to test the V-M method for re-
producibility, 66 subjects with a history
of calculus formation were divided into
two balanced groups with one receiving an
experimental dentifrice and the other a
control. Such balancing of the groups usu-
ally is attempted on a statistical basis with
a value being assigned to each patient at
the preliminary screening with regard to
amount of calculus present, age, sex, and
oral hygiene habits. However, since the
length of time it takes for deposits to
accumulate is seldom accurately known, it
is believed that use of such a value in at-
tempting to divide the populations into
subgroups is incorrect. Instead, all subjects
who presented large amounts of calculus
at the initial screening procedure received
a thorough oral prophylaxis and were placed
on a uniform oral hygiene program for 3
months to determine their actual rate of
calculus formation. The 3 month period
was selected because it was the authors’
experience that this amount of time pro-
vided sufficient calculus to be accurately
measured and could serve as a basis for
determining differences between test and
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Fig., T1. This diagram indicates the diagonal
movement of the probe as it measures the amount
of caleulus at its point of greatest heighit.
(Lingual surfaces of lower anterior teeth.)

control groups. Additionally, this period
of time generally corresponds to the fre-
quency at which heavy calculus forming
patients should present themselves for pro-
phylaxis in the dental office.

The prophylaxis consisted of a subgin-
gival as well as supragingival scaling and
use of a disclosing solution to check the
thoroughness of the procedure. The tooth
surfaces then were planed and polished be-
cause it is possible that the rate of calculus
formation may vary with surface smooth-
ness. Additionally, this prophylaxis was
performed by the same hygienist with the
same equipment so as to eliminate this par-
ticular variable. Unpublished data of the

CALCULUS SCORING FORM

GROUP - —

TOOTH NO. 22 23 24 25 26 27

TOTAL SCORE
EXAMINER

COMMENTS

Fig, III. This diagram shows a typical cal-
culus clinical study score sheet, indicating both
calculus locations and height.
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authors’ indicates that there is no differ-
ence in amount of calculus formed when
either hand instruments or mechanical or
ultrasonic procedures are utilized, as long
as the teeth are properly planed after the
scaling.

During this initial control period, all
subjects received the same dentifrice, tooth-
brushes, oral hygiene instruction, and diet.
When possible, toothbrushing was super-
vised. Upon completion of this initial 3
month control period, the subjects were
scored for calculus formation. This value,
along with the other factors previously
mentioned (age, sex, oral hygiene habits)
enabled the total population to be sub-
divided into 2 statistically balanced test
groups.

The actual clinical study began now.
Each subject received another complete
prophylaxis and the control and experi-
mental dentifrices were distributed. After
3 months of the test procedure subjects
were recalled and examined for calculus
formation according to the method previ-
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ously described. The examinations were
conducted by three dentists who were
instructed minimally in the scoring tech-
nique. They scored the calculus formed by
the subjects independently of one another
and both the dentists and subjects were
unaware of the distribution of the experi-
mental products. A strong source of over-
head light was used, together with an in-
dividual examiner head lamp. The dental
unit provided the source of air.

RESULTS

The results of the examination are shown
in the accompanying tables.

Table 1 indicates that when the three
examiners were compared according to the
mean calculus score per subject in the con-
trol group there was good agreement be-
tween examiners A and B and between A
and C. However, a significant difference
existed between examiners B and C. When
compared according to the mean calculus
score per subject in the experimental
group there were no significant differences
among any of the examiners.

TasLE 1

Examiner Replication Using V-M Technique
of Assessing Calculus Formation

1. Control Group

N Mean Calculus Score™ C.R. Significance
Examiner A 32 3.28 + 3.28
0.183 Non-sig.
Examiner B 34 3.41 £ 2.40
0.317 Sig. .01 level
Examiner C 33 3.22 £ 2.50
0.082 Non-sig.
Examiner A 32 3.28 + 3.28
2. Experimental Group
Examiner A 34 3.59 £ 3.13
0.114 Non-sig.
Examiner B 34 3.50 £ 3.36
0.117 Non-sig.
Examiner C 35 3.59 £ 2.97
Non-sig.
Examiner A 34 3.59 = 3.13

*This value refers to the mean calculus score per subject in that particular group. It was
obtained by dividing the total amount of calculus formed on all 6 lingual surfaces of #//
of the subjects in a particular group by the number of subjects in that particular group.
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Table 2 compares control group mean per
subject versus experimental groups mean
per subject scores. The data indicates that
all three examiners showed no statistically
significant  difference between the two
groups, either when evaluated according to
individual examiner values or combined
examiner values.

Table 3 indicates the percentage agree-
ment among examiners when compared on
a particular calculus score range. Since ex-
aminers, when using the V-M method,
rarely encountered a calculus score of
greater than 3 units for any particular lin-
gual surface, it was decided to consider 3
units as the maximum per tooth calculus
score. This then allowed for a maximum
value of 18 units for the six lower an-
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teriors. The calculus score range for exam-
iners in this study was between 0-15 points.
This refers to the fact that the lowest
calculus score per subject as recorded by
any of the three examiners was 0 units and
the highest score per subject was 15 units.

The results of Table 3 indicate that in
499% of the subjects, there was agreement
among the three examiners within 1 unit;
in 70% of the subjects, all examiners
agreed within 2 units, and in 84% of the
subjects, there was a 3 unit difference
among the three examiners.

As a result of the 3 month clinical cal-
culus study the following information was
obtained:

(1) Three examiners, when using the

TasLe 2
Control Group vs. Experimental Group
Examiner N Control Score™ N Exper. ‘Tcore*ﬂ C.R. - Sigﬂz’ﬁmniv;"
A 32 3.28 + 3.28 34 3.59 £ 3.13 0.39 Non-sig.
B 34 3.41 + 2.40 34 3.50 + 3.36 0.13 Non-sig.
C 33 3.22 £ 2.50 35 3.59 £ 2.97 0.55 Non-sig.
Combinartion
of three 99 3.30 £ 2.76 103 3.56 + 3.14 0.42 Non-sig.
Examiners

*These values refer to the mean calculus score per subject in that particular group. They

were obtained as described in Table 1.

TasLe 3

Examiner Agreement Within Specific Calculus Score Ranges

Calculus
Score Range
per Subject

Number of Subjects*
All'3 examiners bave
Scored within Point Range

Percentage of subjects all
examiners have scored within
Point Range

No difference in scores 11
1 Point Difference 21
in scores
2 Point Difference 14
in scores
3 Point Difference 9
in scores
4 Point Difference 11
in scores

17%1
14997
32 |

149

17%

*The total number of subjects that all three examiners evaluated for calculus formation

was 66.
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CALCULUS SCORING FORM

NAME 0000
DATE .

GROUP .

LOCATION — ———

TOOTH NO. 22 23 24 25 26 27
PR . N
TOTAL SCORE T T i
per TootH | 93 4 3 75 jis 0

TOTAL SCORE _ 16
EXAMINER S —
COMMENTS ——

Fig. VI. This diagram depicts a sample score
sheet used for recording caleculus measurements
and location in the three previously deseribed
plancs.

basic V-M method of calculus assessment,
agree well in their ability to score calculus
clinically.

(2) The technique of measuring calcu-
lus in only one plane was too subjective and
needed modification because of the uneven
pattern in which calculus forms on teeth
and because no fixed reference point is pro-
vided for subsequent examinations.

MODIFICATION OF TECHNIQUE

The basic technique was modified so as
to allow for measurement of calculus in
three constant planes, rather than the one
formerly employed. It was believed that
these three readings for each lingual surface
would more fully incorporate the concept
of calculus height and width, more accu-
rately assess the amount of calculus present
and provide a fixed reference point for sub-
sequent examinations. It was suggested,
therefore, that readings be taken in the
following three planes:

(1) Bisecting the lingual surface (Fig-
ure 1)

(2) Diagonally through the mesio-in-
cisal angle of the tooth through the area of
greatest calculus height (Figure IV)
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(3) Diagonally through the disto-incisal
angle of the tooth through the area of
greatest calculus height (Figure V)

Since it was arbitrarily decided to use
a value of 3 units as the maximum calculus
score in any one plane, this modification
now provides for a maximum score of 9
units per tooth or a total of 54 units per
subject. The calculus height values and
outline are recorded on a form such as that
shown in Figure VI.

SUMMARY

1. A simple method of clinically scoring
calculus has been presented.

2. A 3-month clinical calculus study
involving 66 subjects and three examiners
has demonstrated the reliability of the
method.

3. A modification of the technique is
described which should result in increased
sensitivity and accuracy. It is believed that
additional clinical studies, now in progress,
will confirm this assertion.
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