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The purpose of this paper was to assess whether the internal consistency method could be 
used to estimate reliability of periodontal and plaque measurements. This method is based 
on the assumption of comparability of data from the left and right halves of the mouth. The 
material comprised data from 61 subjects (mean age, 43 years). Percentage of tooth surfaces 
with plaque index scores of at least 1, percentage of bleeding units (GI = 2), and the mean 
pocket depth were calculated for each half of the mouth. At the group level the mean 
prevalence of the two sides of the mouth did not differ significantly with regard to any of the 
variables, and there was a substantial degree of bilateral symmetry for all variables as 
measured by Pearson’s r. Reliability coefficients were computed in accordance with the 
Spearman-Brown formula. Highest reliability coefficient was observed for pocket depth 
measurements (0.97), followed by plaque measurements (0.95), and, finally, gingival bleeding 
measurements (0.90). The internal consistency method seems promising in estimating 
reliability in epidemiologic surveys, but further studies should be initiated to substantiate this 
contention. 0 Clinical methods; gingivitis; periodontology; pocket depth 
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Repeatability has been defined as ‘the extent 
to which a test provides the same results on 
the same subjects on two or more occasions 
either in the hands of the same or different 
observers, the subjects of the test being in 
the same state of health or disease on the 
two occasions’ (1). Reproducibility can be 
considered to be equivalent to repeatability 
(2), of which the test-retest approach, which 
is a measure of the proximity of scores 
obtained by the same examiner on two 
occasions, has been extensively used in peri- 
odontal research (see, for example, Refs. 
3-6). It has been shown empirically that the 
use of probes as measuring devices inevitably 
changes the environment, and thereby the 
repeat examinations of plaque scores intro- 
duce systematic errors provided that the rep- 
lications are performed within a short time 
interval ( 5 ,  6). On the other hand, for gin- 
gival scores the results were conflicting 
( 5 , 6 ) .  Furthermore, the examiners may 
remember their recordings from the first 
examination. The problems may to some 
extent be avoided by performing the dupli- 

cate examinations on consecutive days (9, 
but instead errors may be introduced owing 
to the reversible nature of gingivitis and 
plaque (6). Concerning reproducibility of 
measuring pocket depth and loss of attach- 
ment, no systematic errors seem to have 
been detected (3,7). Another disadvantage 
of the test-retest approach, particularly with 
regard to large-scale epidemiologic surveys, 
is that it requires reexamination of all or part 
of the study population. 

The inherent weaknesses of the test-retest 
method do not seem to have been remedied 
through the use of alternative ways, In 
addition, the assessment of measurement 
error in terms of repeatability does not per- 
mit the influence of error to be quantified 
(8). This may be achieved by evaluating 
measurement error in terms of the concept 
of reliability. Reliability of a set of measure- 
ments can be defined as the proportion of 
the variance which is true variance, and the 
total variance is composed of true and error 
variances (9). 

One likely candidate would appear to be 
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the internal consistency method (9), which 
has been used to measure reliability of caries 
prevalence and incremental data (2) and 
denture plaque (10). Although the method 
has been mentioned by Alman ( l l ) ,  it has 
not been used in empirical analysis of peri- 
odontal measurements. The rationale of the 
internal consistency method is based on the 
assumptions of no systematic differences of 
scores between the right and left sides of the 
mouth and of bilateral symmetry (2). The 
former assumption in terms of plaque and 
periodontal scores has been substantiated in 
empirical studies (12, 13). No empirical data 
seem to have been presented concerning the 
latter assumption of bilateral symmetry, 
which may be assessed by correlating the 
prevalence scores of the two halves for each 
individual. 

The purpose of this study was to ascertain 
whether the two assumptions are upheld, to 
estimate the reliability of plaque, gingival, 
and pocket depth measurements by means 
of the internal consistency method. 

Materials and method 
The empirical basis of this paper consisted 
of data recorded in patients (n = 61) drawn 
from the files of a private dental practice 
(mean age, 43 years). Their periodontal sta- 
tus was assessed by a periodontist (T.T.). 
The plaque index (PlI) and the gingival index 
(GI) were scored on four surfaces of all teeth 
present (14). Finally, the pocket depths of 
four surfaces of all teeth were measured to 
the nearest whole millimeter, using a peri- 
odontal probe. Pockets were probed at the 
mid-buccal and the mid-lingual aspects, 
whereas the approximal pockets were meas- 
ured buccally to the contact point. 

Treatment of the data 
The prevalence of plaque, gingivitis, and 

periodontal disease was calculated for the 
right and left sides separately and expressed 
in terms of percentage of tooth surfaces with 
a plaque score of 1, percentage of bleeding 
units (GI = 2), and mean pocket depth. On 
the basis of prevalence scores of each half 

of the mouth for the same individuals the 
hypothesis of no difference between the 
scores of the two halves was tested by means 
of a paired t test, which is suitable for cor- 
related data (15). 

To test the assumption of bilateral sym- 
metry, Pearson’s correlation coefficients 
were calculated between the scores of the 
three variables for the two sides of the 
mouth. Since this coefficient is numerically 
equal to the reliability coefficient of only one 
half of the mouth, a correction-the 
Spearman-Brown formula-was applied to 
provide an estimate of the reliability coef- 
ficient of both sides of the mouth (9): 

where rhh is the correlation between the two 
halves (Pearson’s r) and rlt is the reliability 
coefficient of both halves of the mouth. 

A basic definition of the reliability of a set 
of measurements is that it is the proportion 
of the total variance that is true variance (9). 
If it is assumed that the error component is 
independent of the true component, then 
the variance of the total scores (S:) is the 
sum of the true variance (Sm2) and error 
variance (S:) (9): ~ , 2  = Sm2 + ~ , 2 .  

The basic equations for the coefficient of 
reliability (rtl) would appear to be: 

Sm2 s e 2  

SL2 SI 
rtt = - or TI, = 1 -2. 

Then, if e2 stands for the proportion of error 
variance in the total variance, rtt + 
e2 = 1.00. 

Results 
The mean prevalence of the two sides did 
not differ significantly with regard to any 
variable, and thus the null hypothesis of 
homogeneity of the two halves could not be 
rejected at the 5% level (Table 1). However, 
there was a tendency towards a higher per- 
centage of bleeding units of the left than of 
the right side, and the variance tended to be 
consistently higher for all variables on the 
left side. 
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There was a substantial degree of bilateral 
symmetry for all variables as measured by 
Pearson’s r (Table 1). The reliability coef- 
ficients for all three variables reached the 
numerical value of 0.90. The highest coef- 
ficient was obtained for pocket depth (0.97) 
and the lowest for gingival scores (0.90), 
with that for plaque scores in an intermediate 
position (0.95). 

Discussion 
According to Guilford & Fruchter (9), the 
concept of internal consistency comes closest 
to the basic idea of reliability, providing 
estimates of ‘on-the-spot’ reliability. How- 
ever, comparability of the two halves of the 
mouth with regard to the phenomenon being 
studied must be assumed. At the group level, 
comparability is indicated by prevalence 
scores in terms of means and variances. To 
judge from the present study, this assump- 
tion is tenable for pocket depth, plaque 
scores, and gingival scores, and accordingly, 
no systematic differences seem to exist 
between the halves. Admittedly, the means 
and variances of gingival scores tended to be 
higher on the left than on the right side, but 
the difference was not statistically sig- 
nificant. These data differ from those of 
Alexander (13), who consistently observed 
higher gingival scores for the right side than 
for the left side. However, since neither of 
these differences was statistically significant, 
chance circumstance may presumably 
account for these divergent results. 

Bilateral symmetry may be assessed by 

correlating the scores of the two sides for 
each individual. The bilateral symmetry as 
measured by Pearson’s r turned out to be 
high for pocket depth and plaque scores but 
not so high for gingival bleeding. Since these 
estimates represent the reliability coeffi- 
cients of only one half of the mouth, the 
correction formula had to be applied to 
determine the reliability coefficient of both 
sides of the mouth. 

Since there will always be some true dif- 
ferences between the right and left sides of 
the mouth, the fraction of the error variance 
due to this difference cannot be separated 
from the genuine error variance (2). Thus, 
the internal consistency method cannot pro- 
vide a precise estimate of the error variance 
in order to study the influence of error on 
the efficiency of a clinical trial. However, in 
this study the genuine error variances of all 
variables were less than l/lOth (r > 0.90) of 
the total variance. 

The greatest advantage of the internal con- 
sistency method as compared with the test- 
retest method is that study subjects, or a 
sample of them, do not have to be re- 
examined. It is thus applicable and seems 
to be the method of choice, particularly 
in large-scale epidemiologic surveys. 

The present material is derived from a 
limited number of patients in a private prac- 
tice, and broad generalizations of the results 
to other populations may be unwarranted. 
Therefore, epidemiologic surveys should be 
initiated to ascertain whether the assump- 
tions of no systematic differences between 
the two sides of the mouth and of bilateral 
symmetry are upheld. 

Table 1. Reliability coefficients and Pearson’s r of plaque scores, gingivitis and pocket depth 
estimated by the internal consistency method. Means and variances of the right (R) and left (L) 
sides are also given (n = 61) 

t values, Pearson’s Reliability 
V a r i a b 1 e Side Mean Variance d.f. = 60 r coefficient 

0.90 0.95 

0.82 0.90 

Plaque scores (%) R 45.9 461.65 t=0,234 

Gingival scores (%) R 22.8 367.67 = 1,128 
L 46.2 480.03 

L 24.7 439.93 
0.94 0.97 Pocket depth (mm) R 2.4 

L 2.4 
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