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INTRODUCTION

THIS report presents a method of determining the dimensional changes in
gypsum dental products, which avoids the disadvantages of previous methods

and which provides extreme sensitivity.
As part of the program of research on the gypsum products used in den-

tistry, a preliminary study was made of various physical properties. This
study, which included strength, thermal expansion, setting expansion, and
other related properties, soon made it apparent that very little was known
about dimensional changes occurring in these products when they are subjected
to the technics used in prosthetic dentistry. Inasmuch as the final accuracy of
a restoration is controlled to a large extent by these changes in the investing
materials, a program was set up to determine the dimensional changes which
occur when plaster and stone are subjected to the conditions found in dental
practice.

PREVIOUS METHODS FOR DETERMINING DIMENSIONAL CHANGE

The methods which have been used by previous investigators, such as
Coleman,l Taylor, Paffenbarger, and Sweeney,2 Worner,3 Docking and Donnison,4
and others, to observe the dimensional changes of gypsum materials used in
dentistry have been directed more toward obtaining reliable data on the physical
change in linear dimensions of dental plaster, stone, and investments during
the setting process than the changes caused by the processing of restorations.
The determination of the thermal expansion of casting investments has been
the subject of numerous investigations. The equipment used most extensively
for thermal expansion determination of dental materials is the fused-quartz
tube apparatus5 which was developed to measure the thermal expansion of solids.

The methods used to observe length changes of gypsum after it has set have
been rather crude and are not adaptable to observing the effect of various con-
ditioning and processing technics. Basically, three methods have been used to
measure these changes, with each having its characteristic disadvantage. Those
methods that depend on a micrometer coming in contact with the surface of a
plaster or stone sample are subject to error on repeated measurements because
of the ease with which the surface is abraded or worn away. The methods which
use index lines and a comparator microscope present practical difficulties in
alignment and in getting suitable lines on the sample.3 Methods for observing
length changes by using a dial gauge in contact with a single specimen, which
is not removed, restrict the number of specimens that can be measured con-
veniently. Also, it is sometimes desirable to maintain specimens under storage
conditions which are impractical with the dial gauges.
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The necessity of developing a more suitable method for measuring plaster
and stone specimens when subjected to conditions simulating those used in
dentistry led, after several attempts, to the method to be described.

PROPOSIED AMJTTIOI) OF AME S1UREMEINT

A method was developed which niade use of the surface of three embedded
metal spheres to determine a reference plane at one end of the spechilmen, and
the surface of a single embedded sphere to determine a point on the other end.
This practice avoids dimensional change duie to wear in measurement and
hand] ing.

The change in length of the specimen is determined by observing the dif-
ference in dimensions developed between the reference plane and the point.
This can be done by an-y one of several length measuring technics. It has been
found that by comparing the length of the specimen with gauge blocks, by use
of an Electrolimit Colplarlator (Pratt and Whitney, Hartford, (Conn.), it is
possible to make rapid mimeasurements accurate to the order of 0.0001 inch or
better. A sensitive dial gauge might also be used, 1)ut would require more
care to achieve the saute Precision.

-t!!
Fig. 1.-IMold for casting gypsum specimens.

The following is an outline of the method used in making observations onl
gypsum materials such as dental plaster and stone:

1. A form, which consisted of plastic elastomer sides (V-B 21) and metal
ends, to mold the specimen (1" x 1" x 21/2") was prelcalred. The ends had
countersunk holes into which were placed stainless steel balls. At one end the
holes were spaced to form an equilateral triangle, at the other a single hole was
centered. The metal plates were, brass and the stainless ball bearings were held
in the countersunk holes by means of permanent magnets (Fig. 1).

2. The gypsum to be measured was mixed and poured into the assembled
mold to harden or set.

3. The mold is then disassembled after the gypsum has hardened and
the specimen is removed.

4. The initial length of the specimen should be determined in the Eleetro-
limit Standard External Comparator by placing the specimen in the comparator
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and adjusting the instrument to read zero on the scale (Fig. 2). The scale is
sensitive to 0.00005 inch per division.

5. The specimen is then removed from the comparaitor atid gauge blocks
are inserted to the nearest 0.001 inch, the difference being read on the scale of
the instruiucnt to the nearest 0.0001 inch. This gives a direct comparison to
gauge blocks ifor each length measuremnict,

6. The SPecimlen then caLn be exposed to any treatment such as drying,
wetting, heating, or the curing cycle of a denture, and the measurement
repeated as before.

7. The change ill length is computed on the basis of the fiducial reading.
The length of the specinien should be corrected for the size of the spheres.
(Corrections chanr be made for changes inl roomn temperature, or tile spe-imens
can be brought to a constant temperature before measurement.

Fig. 2.- Eleetrolim-it Comparator with specimen in position.

\I1PLI1IO\T 01 ET311 0I1)

In ordler to elarity tile uise of the aboxe metho(l, the followhicg example
(Table I) is gixen for one specllmelln of a series being tised in an investigation
of the effect of various treatments upon the dimensions of gY )sum products.
The complete restults of this investigation will be reported later. This particular
specimen was of It & RI White (Castone (Ransom- and Randolph) and was sub-
jected to (a cyclic treatment ixvolv-ing alternate storage ini afir (68 per cent
relative humidit- 250(2 ) and in water (25' C.).

The mix was prepared by the standard technic used for dental stones in
this investigation. A water powder ratio of 30:100 was used. The mixxwas
band spa tulated for 15 seconds, placed in a Kerr Vacuum Investor (Kerr Manu-
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facturing Co., Detroit, Mich.) for 30 seconds, and then vibrated into the mold.
Three 3/8 inch and one %le6 inch steel ball bearings were used on the ends of
the specimen. To keep the balls from rotating, a small flat was ground on the
embedded side of each.

TABLE I

EXAMPLE OF DATA AND CALCULATION
MATERIAL-CASTONE SPECIMEN No. 13

SPECIMEN* CHANGE IN SPECIMEN

AGE WT. LENGTH WEIGHT I LENGTH

STORING CONDITION (DAYS) (GM.) (IN.) GM. % IN. %
Air, 63% relative

humidity 250 C. 0 95.210 2.5299 0.000 0.00 0.0000 0.000
Air, 63% relative

humidity 250 C. 4 89.020 2.5298 -6.190 -7.72 -0.0001 -0.005
Air, 63% relative

humidity 250 C. 6 88.615 2.5297 -6.595 -8.22 -0.0002 -0.009
Air, 63% relative

humidity 250 C. 8 88.605 2.5297 -6.605 -8.24 -0.0002 -0.009
Air, 63% relative

humidity 250 C. 10 88.610 2.5296 -6.600 -8.23 -0.0003 -0.014
Air, 63% relative

humidity 25° C. 11 88.615 2.5296 -6.595 -8.22 -0.0003 -0.014
Air, 63% relative

humidity 250 C. 14 88.570 2.5295 -6.640 -8.27 -0.0004 -0.019
Air, 63% relative

humidity 25° C. 21 88.575 2.5296 -6.635 -8.27 -0.0003 -0.014
Air, 63% relative

humidity 25° C. 28 88.610 2.5296 -6.600 -8.23 -0.0003 -0.014
Water, 250 C. 32 96.350 2.5298 1.140 1.42 -0.0001 -0.005
Water, 250 C. 36 97.005 2.5300 1.795 2.24 0.001 0.005
Air, 63% relative

humidity 250 C. 42 88.320 2.5299 -6.890 -8.59 0.0000 0.000
Air, 63% relative

humidity 25° C. 47 88.310 2.5298 -6.900 -8.60 -0.0001 -0.005
Water, 250 C. 49 95.610 2.5301 0.400 0.50 0.0002 0.009
Water, 250 C. 54 96.465 2.5302 1.255 1.56 0.0003 0.014
Air, 63% relative

humidity 250 C. 56 88.030 2.5300 -7.180 -8.95 0.0001 0.005
Air, 63% relative

humidity 250 C. 69 88.015 2.5299 -7.195 -8.96 0.0000 0.000
Water, 250 C. 84 97.160 2.5302 1.950 2.43 0.0003 0.014

*Gross weight of specimen (W0o) 95.210 Gm. Gross length of specimen (Lo) 2.5299
inches.

Weight of spheres 14.970 Gm. One-half diameter of spheres 0.4062 inch.
Net weight of specimen (Ws) 80.240 Gm. Net length of specimen (Ls) 2.1237 inches.

The specimen was allowed to remain in the mold until setting was com-
pleted. After removal from the mold, it was placed in a saturated atmosphere
for one-half hour to allow it to cool to room temperature. This was necessary
because the specimen was heated by the exothermic heat of the setting reaction.
All subsequent readings were also made at room temperature (approximately
230 C.) to obviate thermal changes during measurement. The specimen was
weighed to the nearest 5 mg. and this value recorded as W. (Table I). The
length of the specimen was measured immediately by the method outlined above
and recorded as Lo.

After these measurements had been made the specimen was stored in a
controlled atmosphere approximating summer laboratory conditions (63 per
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cent relative humidity, 250 C.). At various intervals the specimen was removed
and again weighed and measured. After 4 weeks' storage under these condi-
tions, it was immersed in water (25° C.). This wetting and drying cycle was
repeated 3 times. The method used for measuring wet specimens was the same
as that for dry ones except that the specimen was removed from the water,
wiped with a towel, and weighed immediately.

The first 4 columns of Table I are relatively self-explanatory. They are all
known or measured values. The last 4 columns are calculated values derived
from the first 4. The changes in weight and length were found by subtracting
the appropriate original value (LCO Wo) from the value at any given time. This
gives the total change in grams and inches. In order to compare specimens of
slightly different weight and length, these changes were reduced to a percentage
basis. To do this, a standard weight equal to the original weight minus the
weight of the balls was used as the divisor. Similarly, a standard length equal
to the original length minus the radius of each size ball was used to convert to
per cent change in length. This length is the distance between the centers of
the balls, and is the effective length of the specimen.

TABLE II

CHANGE IN DIMENSIONS OF DENTAL STONE AND PLASTER WITH LOSS IN WEIGHT CAUSED
BY DRYING

R & R WHITE CASTONE R & R MODEL PLASTER

CON- CONTRAC- CON- CONTRAC-
AGE DITIONS WEIGHT TION* AGE DITIONS WEIGHT TION*

(DAYS) OF TEST LOSS (%) (DAYS) OF TEST LOSS (%)
1 Ts 6.41 0.000 1

W
6.70 0.004

4 P7.90 0.019 3 O ./V 18.2 0.000
5 * 8.51 0.019 1 0 20.8 0.016
9 £ V 8.52 0.024 18 s c 20.8 0.021

18 o 8.48 0.021 22 ; 20.8 0.021
25 ~oQ 8.52 0.019 23 31.5 0.324
33 8.49 0.019 25 34.2 0.354
36 > K 8.51 0.019 25 t 36.4 0.378
37 13.6 0.064 27 V 36.5 0.378
38 20.5 0.131 28 36.4 0.386
39 22.9 0.140 29 36.6 0.382
40 o 25.6 0.138 31 - 36.7 0.400
42 . _____ 36.7 0.41042 v o 25.1 0.138 42

43 - ° 26.0 0.148 44 36.8 0.452
44 Q 26.2 0.153 46 T= 'o 36.9 0.455
46 X 26.2 0.162 48 W 3 0.464
57 26.4 0.180
59 , 26.4 0.223
61 a 26.4 0.228
63 W 26.4 0.237

*The contraction measurements are considered good to 0.004 per cent.

Table II is a summary of 4 data sheets such as Table I. It presents the
average values for 2 dental stones and for 2 model plaster specimens under-
going a drying treatment. Each pair of specimens is a duplicate which was
made the same day and received the same treatment, but each specimen repre-
sents a separate mix. The plaster specimens were made with a water powder
ratio of 50:100, the stone specimens with a ratio of 30:100.



SWEENEY AND TAYLOR

0.0

Fig. 3.-Comparison of

0,10 0.20 0.30 0.40 0.50
PER CENT LINEAR CONTRACTION

weight loss and linear contraction of dental stone and model plaster.

LINEAR CONTRACTION VS DRYING TIME

0.0

z
0

v
4

I-
z
0
0

4
z
-i

z

LbJ
0-

0.10

0.20

0.30

0.40

0 tO 20 30 40 50 60

SPECIMEN AGE IN DAYS

Fig. 4.-Dimensional change in dental stone and model plaster stored at 25° C., 900 C., and
1100 C,

754

0.0

J. D. Res.
December, 1950

10.00

0

o

0

-j

zw

wui

- LINEAR SHRINKAGE vs WEIGHT LOSS_

N DRYING

A

0-_O CASTONE R&R _

\-@ MODEL PLASTER
R & R

---O--EXCESS WATER + Ca S04-2H20
.--I) \ _ _I-- Ca S04 -2H20

- d, \ _~~~~~~~~~---2--C a 510 I/12 H20
) B ~~~~~~~-- -3- -c SO 50

_ _~~~~~~~~

b)c * d (z>,~~
l~~~~~~~

30-00

_- ° 637. REL. HUMIDITY 250 C

Oo -~~ 01 0 , 0 Duplicate

_ ~~~~~~~~~AIR 9 0 C

AlR 110- C
R a R Model Plaster

Probable Error

* .004 % Contraction

I

40 .0 I

20 0F



Volume 29 DIMENSIONAL CHANGES IN DENTAL STONE AND PLASTER 755Number 6

RESULTS

In Fig. 3 is plotted the per cent weight loss and per cent contraction
columns of Table II. It demonstrates the relationship between water loss in
drying and the resulting shrinkage, and indicates that it is apparently closely
related to the chemistry of the CaSO4.

Knowing the water powder ratio used and assuming that the original
powder was composed entirely of CaSO4 1/2H2O it is possible to compute the
weight loss required to remove all excess water and leave CaSO4 2H20. This
weight loss is indicated as 1 on Fig. 3, and it is apparent that the removal of
excess water has no appreciable effect on specimen length. Removal of
more water will eventually transform the specimen from CaSO4 .2H12O to
CaSO4 ½/2H20, and the weight loss required to complete this transformation
is indicated as 2. It can be seen that this change is accompanied by a marked
change in length. Removal of still more water results in a further rapid shrink-
age, as CaSO4 1/2H2O is changed to anhydrous CaSO4, indicated as 3.

This is of value to the dentist only if he can apply it to the selection of con-
ditions that will prevent undesired dimensional change. In Figure 4 is pre-
sented, therefore, a graph of per cent contraction versus drying time for the
same specimens, with the storage conditions as a parameter.

From this graph (Fig. 4) it appears that no significant change in dimen-
sion occurs as a result of storage of specimens under normal laboratory con-
ditions, but that an increase in storage temperature leads to water loss and
shrinkage. The calculated probable error of measurement of the data in Table
II is ± .004 per cent contraction, and ± .006 per cent weight loss. This means
that the measurement errors in each observation fall within the area of the dots
used in Figs. 3 and 4, to represent an individual observation.

It should be emphasized that these data are included only as a demonstra-
tion that the suggested method of measurement has sufficient sensitivity to
measure the dimensional changes that occur in gypsum products under the
conditions encountered in dental practice. Until the authors' investigation of
the storage properties of gypsum products is completed, they wish to draw no
conclusions about them on the basis of the above data alone.

CONCLUSIONS

The method described provides a means of determining the dimensional
changes occurring in gypsum products with great sensitivity. It allows the use
of a greater variety of treatments and avoids the failings inherent in previous
methods used for this purpose.
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