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The Periotron is an instrument designed to quantify submicrolitre volumes of 
fluid sampled on a filter paper strip. To date 3 models have been 
manufactured: the Periotron 600 ( 1976), the Periotron 6000 (1983) and more 
recently the Periotron 8000 ( 1995). This paper investigated for the first time 
the calibration characteristics and reliability of the Periotron 8000. The fluids 
under investigation were: de-ionised water, human serum, fetal bovine serum 
and an ultrafiltrate of fetal bovine serum. Quantitative analysis was studied by 
recording a series of Periotron readings over a volume range of 0-1.0 pi for 
each fluid. The average of 5 Periotron values for each particular fluid was then 
plotted versus the respective fluid volume. Qualitative changes in fluid 
composition versus Periotron Scores were also analysed. Volume conversion for 
Periotron scores using both Periotron MLCONVRT software and a best fit 
equation selected from TableCurve 2D software compared welL The results of 
this study revealed that: 1) differences in calibration fluid composition (e.g. 
protein content) are reflected in the Periotron scores; 2) positioning of filter 
paper strip between the jaws of the Periotron should be standardised, 
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fluid 3) calibration of the Periotron 8000 seems to be consistent over a 1-wk 

intervaL 

The potential role of gingival crevicular fluid 
(GCF) as aid in periodontal diagnosis is well 
documented ( 1-4). One of the major goals of GCF 
research is to devise techniques capable of detecting 
quantitative/qualitative changes predictive of perio­
dontal pathology. GCF originates from tissue fluid 
which percolates through the junctional epithelium 
into the gingival crevice/periodontal pocket. Hence 
analysis of its biochemical components reflects the 
situation within the tissues and crevice. 

Biochemical analyses of GCF are currently 
receiving a great deal of attention. Studies invol­
ving GCF have yjelded promising results, and to 
date some 40 GCF components have been studied 
(5-10). Measurements of GCF constituents can 
be expressed either in terms of molar concentra­
tion, units of activity per unit volume, or total 
amount of sample per unit time. Methods 
employed for collecting GCF are: i) pre-cut filter 
paper strips placed at the orifice, partly into or 
inserted to the bottom of the pocket or sulcus, 
ii) paper points and capillary tubes inserted 
subgingivally, and iii) gingival washings (4 ). 
Volumetric quantitation of GCF may be estimated 
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either by using microcapillary tubes of known 
internal diameter, or an electronic device, e.g. 
Periotron 8000. 

The Periotron 8000 (Pro-Flow Inc., Amityville, 
New York, USA) quantifies the volume of gingival 
fluid/saliva collected on filter paper. It functions 
on the principle of the capacitor, i.e. it measures 
the electrical capacitance of a wet filter paper strip 
placed between the jaws of the instrument. The 
electric field created by opposing charges on the 
jaws induces polarity of the molecules which 
reduces the potential difference between the plates 
and increases the capacitance. Thus the higher the 
number of polar molecules between the plates 
(jaws) of the Periotron, the larger the capacitance 
and the higher the Periotron scores. Unknown 
fluid volumes on filter paper strips may be 
determined from calibration graphs constructed by 
using accurately measured quantities of fluid. 

The Periotron 8000 is a new model (1995). It 
adds computer capability to its previous version, 
the Periotron 6000. To date the periodontal litera­
ture does not include studies pertaining to the 8000 
model. The aim of this study was to investigate the 
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calibration characteristics and reliability of the 
Periotron 8000. 

Materials and methods 

The experiment protocol was based on that 
described by Preshaw et al. (11 ); however, some 
modifications were made: fluid volumes (0-1.0 ,ul) 
at 0.05 ,ul increments were dispensed with a P2 
Gilson microsyringe (Gilson, 72 rue Gambetta, BP 
45, 95400, Villiers-le-Bel, France) onto Periopaper 
strips (Pro-flow Inc., Amityville, New York, USA). 
The fluid was applied to the edge of the filter paper 
strip held in an upright position allowing downward 
fluid spread along the strip. Each strip was immedi­
ately placed between the jaws up to a depth of 
0.5 mm from the orange handle. Exact positioning 
of different strips was achieved by securing a plastic 
sleeve to the lower jaw of the Periotron. The plastic 
sleeve had a mid-line horizontal slot level with the 
lower jaw and of sufficient width to just allow 
entrance of the filter paper strip. The reading on 
the LED display at the end of the 16-s cycle was 
automatically recorded by the Periotron computer 
software program. A series of Periotron scores was 
recorded for the range of volumes. The procedure 
was repeated 5 times and the average Periotron 
score for each volume calculated. 

The fluids under investigation were de-ionised 
water (W), human serum (HS), fetal bovine serum 
(Gibco BRL, Life Technologies Ltd, Paisley, 
Scotland) (FBS) and centrifuged fetal bovine 
serum or ultrafiltrate (UFBS). Human serum was 
derived from a blood sample obtained by venepunc­
ture, allowed to clot, then centrifuged at 1000 rpm 
for 20 min. A sample of fetal bovine serum was 
centrifuged at 6500 rpm for 50 min in a microcon 
tube (Amicon Inc., Beverly, USA) having a mem­
brane cut-off point of 3 kdal. The UFBS was used 
to identify and assess any changes in the Periotron 
scores following qualitative changes (removal of 
proteins) in the serum after centrifugation. 

A second set of readings for de-ionised water 
was obtained during a second calibration experi­
ment performed one week after the first set of 
results. 

The protein content of the fluids under investi­
gation was determined using a modified version of 
the Bradford protein assay (Bio-Rad Protein Assay, 
Bio-Rad Laboratories GmbH, Heidemannstrai3e 
164, D-80939, Miinchen, Germany). 

Results 

The average of 5 Periotron scores were plotted 
versus the corresponding volume of fluid (,ul) for 
W, HS, FBS and the UFBS. The individual data 

sets were analysed using TableCurve 2D curve 
fitting software supplied by Jandel (Jandel GmbH, 
Schummelstrasi3e 25, 40699, Erkrath, Germany). 
The software fits over 8000 pre-programmed can­
didate equations to the data using either Gauss­
Jordan or Singular value decomposition fitting 
procedures. Effectively, all the points on the calib­
ration curve are relative to a zero point, or a filter 
paper strip at ambient conditions with no applied 
fluid. Therefore, equations which do not pass 
through zero were eliminated. Equations with more 
than 4 coefficients were also eliminated because the 
curve fitting was not stable and errors in the 
coefficients were significant. As a result only simple 
equations with 4 coefficients or less which describe 
a function through zero were selected. A summary 
of the 5 best fitting equations identified by 
TableCurve 2D are shown in Table 1. 

With the exception of water, the equation 

(1) 

where y represents the Periotron score, a the inter­
cept ( = 0 ), x the fluid volume and b, c and d are 
function coefficients unique for every fit, fitted most 
suitably as shown by the high regression coefficient 
(r2

) and low fit standard error (FSE). 
The 5 equations were applied to the Periotron 

results generated using human serum. Graphic pre­
sentations (Periotron scores versus volume of serum 
in ,ul) shown in Fig. 1, demonstrate that Eqn 1 
gives the best fit. 

The graphs resulting from calibration experi­
ments using W over a volume range of 0-1.0 ,ul 
performed 1 wk apart are presented in Fig. 2. The 
similarity between the 2 plots can be accounted for 
by the comparable values of the coefficients b and 
c in Eqn 1 (legend to Fig. 2). The reliability of the 
Periotron 8000 for replicate experiments on differ­
ent days was very good, but frequent calibration is 
still recommended in clinical studies. 

The Periotron scores for all 4 fluids are com­
pared in Fig. 3. The protein content of the different 
sera was estimated to be (mg/ml): UFBS=5.09, 
FBS = 30.87 and HS = 60.24. At a specified volume 
of fluid, Periotron scores for the UFBS were high­
er than those for FBS and the latter in turn higher 
than those for HS. These results demonstrated that 
the protein content of the fluid affects Periotron 
readings. These 3 curves show that, the higher the 
protein content of the fluid under investigation, the 
lower the Periotron score. This is also reflected in 
Table 2 where the volumes are calculated from 
Periotron readings using the first equation in 
Table 1. The curve for water lay between that for 
the UFBS and FBS. The same result was also noted 
in Table 2. 
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Table I. Summary of 5 best-fitting equations applied for W, HS, FBS and UFBS as determined by TableCurve; r2 =regression 
coefficient; FSE=fit standard error: the least squares error of fit; the closer the value is to zero the better the fit; a, the intercept= 
0 in all equations 

Equation w 

y=a+bxc ,.z 0.9979 
FSE 2.0176 
b 153.3 
c 0.771 

,.z 0.9974 
FSE 2.149 
b 23,121.7 

y=a+bx rz 0.958 
FSE 8.694 
b 165.1 

y=a+bx+cx2 +dx3 rz 0.9988 
FSE 1.5212 
b 248.5 
c -169.1 
d 73.85 

y=a+bx+cx2 ,.z 0.9964 
FSE 2.586 
b 217.6 
c -68.3 

Discussion 

Factors known to affect readings of previous 
models, the Periotron 600 and 6000, were identified 
and taken into consideration before performing 
this study. Variables which were kept constant 
throughout the trial were: fluid constituents under 
investigation ( 12-14 ), strip location between the 
jaws ( 13, 15), quality and dimensions of filter paper 
strip ( 16, 17) and ambient humidity and temper­
ature (15). Strip positioning, both relative to mid­
line as well as depth of insertion of filter paper 
strips between the jaws, affects Periotron readings 
( 13, 15). Strip placement was standardised by using 
a plastic sleeve affixed to the lower jaw. 

The quality and dimensions of the filter paper 
strips are known to affect the amount of fluid 
absorbed (16-18). Previous studies (4, 17, 18) have 
shown that fluid flow measurements using different 
types/dimensions of filter paper strips should not 
be compared. Thus filter paper strip standardiza­
tion was ensured by using those supplied with the 
Periotron. Fluids were applied at the upper end of 
filter paper strips and allowed to spread downwards 
to avoid discrepancies in the rate of fluid flow 
between ascending and descending fluid move­
ments (18). 

Environmental factors affect the rate of fluid 
evaporation from the filter paper strips (15); how­
ever, during this trial the laboratory conditions 
were relatively constant with average ambient tem­
perature= 20°C and humidity= 40%. 

The plot of Periotron scores against fluid volume 

HS FBS UFBS 

0.995 0.9961 0.9972 
2.558 2.5835 2.2557 

135.0 149.3 156.4 
0.834 0.790 0.704 

0.9901 0.9947 0.995 
3.77 2.95 2.948 

17,053.6 21,595.3 25,267.1 

0.9776 0.964 0.919 
5.664 7.653 11.878 

142.4 159.8 172.2 

0.9958 0.99516 0.9968 
2.5741 2.999 2.4912 

203.6 249.8 290.0 
142.0 -216.0 -245.4 
76.1 120.6 112.3 

0.9926 0.988 0.9912 
3.323 4.529 4.0356 

171.7 199.3 243.0 
-38.2 -51.4 -92.1 

for the Periotron 600 and 6000 have been described 
in a number of ways. The calibration curves do not 
seem to follow a simple physiochemical behaviour, 
and as a result have been interpreted as being linear 
(14), curvilinear (19), quadratic (11, 13, 17), as 
having 2 different linear regressions (20), or also 
as a 3-section graph with two linear sections and a 
curve (21 ). The purpose of graph characterization 
using a mathematical function is to determine the 
liquid volume of a GCF sample from a Periotron 
score by using an equation which best describes the 
data in the calibration curve. 

Eqn 1 provided a good method of calculating 
the volume from the Periotron scores obtained. 
Although the difference between volumes estimated 
using the 5 equations were small, statistically 
Eqn 1 fitted the data more closely. 

The Periotron 8000 has a computer software 
program designed to automatically set up a data­
base of known Periotron fluid measurements. A 
calibration graph over a volume range of 0-0.7 ,ul 
at 0.1 ,ul increments plotted using values from this 
database may subsequently be used to quantify 
unknown volumes of fluid applied on a filter paper 
strip. The Periotron scores are then converted into 
microlitres by using the MLCONVR T program. 

In this investigation the Periotron scores were 
recorded using the software supplied with the 
Periotron 8000. Conversion of the Periotron scores 
into the corresponding volumes in ftl was calculated 
using both the MLCONVRT software and Eqn 1 
(Table 3). In general the volumes obtained for the 
Periotron scores were comparable using both 
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Fig. 1. Plots of Periotron score versus volume (Ill) of human 
serum with the best fit of the equations (solid line) shown on 
the graph and Table I. 

methods. Extrapolation of volumes above 0. 7 Jll is 
not reliable using polynomials. The Periotron pro­
gram fits a fourth order polynomial equation to 
the data, although the details of the curve-fitting 
process are not described in the accompanying 
information. From the analysis ofthe data obtained 
from TableCurve 2D using conventional algorithms 
to fit polynomial and rational equations, the 
coefficients tended to be very large and alternating 
in sign. The equations fitted well to the data but 
were not stable the errors in the coefficients were 
frequently larger than the coefficients themselves. 
By far the greatest advantage of using the 
MLCONVR T software is that it provides a stand­
ardized method by which the Periotron scores may 
be converted to volumes. This will eliminate dis­
crepancies of volume conversion using different 
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Fig. 2. Plots of Periotron score versus volume (pi) of deionised 
water recorded I wk apart. Coefficients for the best fit to Eqn 
I are b=l56.4, c=0.80 and b=153.4, c=0.78 . 
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Fig. 3. Plots of Periotron score versus volume of UFBS (open 
triangle), water (open circles), FBS (filled triangles) and human 
serum (filled circles) in ,ttl. The solid lines are the best fit lines 
described by Eqn I with coefficients given in Table I. 

Table 2. The volume calculated from Eqn I fitted to the respec­
tive calibration fluid 

Periotron w HS BS UFBS 
units 

20 0.0713 0.101 0.0897 0.054 
60 0.296 0.378 0.3349 0.2567 

100 0.574 0.697 0.618 0.53 
130 0.8069 0.955 0.846 0.769 

methods of describing the calibration curves, as 
was reported for the Periotron 6000. 

Due to the small amount of GCF which exudes 
through the gingival crevice it is unlikely to collect 
sufficient quantities to calibrate the Periotron ( 19, 
21). Human serum was used as the calibrating fluid 
as it is the fluid which most closely simulates GCF 
in composition ( 4, 19, 21, 22). Other sera/fluids 
yielded different results (Table 2). 



Table 3. Comparison of the Periotron units to volume conver­
sion using the periotron MLCONVRT program supplied with 
the Periotron and Eqn 1 with the coefficients from Table 1 for 
human serum and water 

Periotron Periotron Eqn 1 Eqn 1 
(HS) (water) (HS) (water) 

20 0.10 0.10 0.101 0.0713 
60 0.38 0.29 0.378 0.296 

100 0.7 0.58 0.697 0.574 
130 0.0 0.0 0.955 0.806 

The calibration experiment with water was run 
twice, 1 week apart. The resulting calibration 
graphs (Fig. 2) were very similar, showing that for 
the same fluid and under the same ambient condi­
tions, the Periotron 8000 yields consistent results. 

The calibration graphs for UFBS, FBS, HS and 
Ware compared in Fig. 3. Periotron scores for HS 
were less than those for W. These results agree with 
those of Van der Bijl et al. ( 13) and Chapple 
eta/.(21). 

The 3 sera were compared to investigate the 
effect of different protein concentrations in the 
fluids on Periotron scores. The results show that as 
the protein content of the fluid increased, lower 
Periotron scores were recorded. The higher protein 
content caused slower spreading of the serum, a 
smaller wetted filter paper area and hence lower 
Periotron scores. In this regard the findings of this 
study agree with those ofLeirskar (18) who demon­
strated that the mobility of protein solutions on 
filter paper was inversely related to protein concen­
tration. However, this may not be the only factor 
which contributed to the different scores. Water 
has a very high dielectric constant (78.2) (23) 
compared to that of proteins and ions. As a con­
sequence the Periotron score is predominantly 
dependent on the quantity of water present in the 
filter paper strip. The curve for water lay between 
that for UFBS and FBS. Since water contains no 
proteins, we would have expected this to lie above 
that for UFBS. The exact reason for this is not 
known but we may speculate that the different 
scores obtained for the different fluids may not 
only be a direct result of the content of the fluid 
but also due to some other physiochemical effect, 
perhaps adsorption of ions and/or proteins on the 
electrode surface. As a consequence, direct com­
parison between widely differing solutions such as 
sera and water should not be performed. The 
difference between scores for the different fluids is 
small, but it is large enough to be significant in the 
context of this study. 

More studies on the protein content of GCF 
need to be done to assess whether this protein 
factor is significant when using the Periotron 8000 
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for clinical studies. The fluid used for calibrating 
the Periotron 8000 should be similar in protein 
content to GCF. Human serum is one such fluid 
(23-25). Further investigations are required into 
the fluid factors which affect Periotron scores. 
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