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Effect of temperature on the dimensional
accuracy of irreversible hydrocolloid material at
different storage time intervals

ABSTRACT

Aims: In this competitive arena, dentists are inevitably searching for dimensionally more stable and
accurate material to produce precise, effective prosthesis. Amongst many impression materials used on a
day-to-day basis, irreversible hydrocolloid impression materials are most commonly utilized due to easy
manipulation, hydrophilic nature, elastic recovery, accuracy and cost-effectiveness. The main objective of
this study was to observe the effect of temperature and storage time on the accuracy of an irreversible
hydrocolloid material.

Study design: In Vitro Study.

Place and Duration of Study: Department of Prosthodontics and Research Medical Centre, Liaquat
University of Medical and Health Sciences, Jamshoro, February 2019 to July 2019.

Methodology: Total one hundred and five impressions cast models were made using irreversible
hydrocolloid impression material (Hygedent) from ideal maxillary dentoform model. There were three
temperatures (25°C,35°C and 45°C) and two storage timings (15 minutes and 25 minutes) along with one
control group (immediate pouring). Measurements were taken utilizing digital Vernier Caliper. On each
cast, two measurements were recorded in a linear manner including anteroposterior (AP) and Cross arch
(CA).

Results: Results revealed that there is a significant difference between anteroposterior dimensional
changes of distance from Mesial surface of maxillary right central incisor to distal surface of maxillary right
first molar and cross-arch dimensional changes of distance from distal surface of maxillary right first molar
to distal surface of maxillary left first molar at different storage temperatures and time intervals. This
indicates that the dimensions are increasing directly as storage time and temperature increases which
might be because of shrinkage of material due to increase in time of pouring. Shrinkage causes material
to pull it towards the tray and increase the dimensions.

Conclusion: This study concluded that the best results could be obtained with immediate pouring at
25°C temperature as compared to other observed temperatures.
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1.INTRODUCTION
An accurate replica of the dental structures and surrounding tissues on dental casts is crucial in many fields irj the latest research (last 5 years) and are more
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Prosthodontics and Implantology for the purpose of diagnosis, treatment planning, fabrication of custom tray, provisional
and definitive prosthesis fabrication and many more [1,2]. Dimensional accuracy of impression materials is of prime
importance for accurate casts reproduction and thus a biologically, mechanically, functionally, and aesthetically

acceptable prosthesis [3].



Amongst many impression materials used on a day to day basis, irreversible hydrocolloid impression materials are being
most commonly utilized due to user friendly, easy manipulation, availability, cost effective, hydrophilic nature, elastic
recovery, ability to reproduce detailed anatomical impression and well tolerated by patients [4-7].

Although elastomers are progressing, the simplicity of handling and various functions allow to stand out the alginates.
Fine hydrocolloid reproductions have a decreased rate of approximately 25%, which indicates that these materials are not
utilized in impressions requiring an advanced level of accuracy, including inlays, crowns, stationary bridges, veneers [8].
Its application is restricted to fields of low retention since they are tear-prone. However, research has revealed that the
final impression for indirect restoration can be made by alginates whilst chamfered margins are prepared [9].

Varying alginate alterations made it possible to enhance their characteristics. About providing a better reproduction of the
structures, chromatic performances provide the dentist more convenience. Several researchers [6,10,11] have observed
that dimensional modifications vary depending on the imprint during the gelation stages and therefore the recognition of
chromatics is enhanced by gelation phase. In dental practice, alginates are generally assigned as the main impression
material and it's physical and other limitations are often difficult to immediately empty the material and/or are postponed.
Consequently, there is a possibility that the dimensions can be modified for the impression material.

Many investigators [12,13] has studied this aspect of irreversible hydrocolloids on different temperatures and durations of
storage utilizing different tests. Some previous well established data reports that this material can be poured safely
without significant changes up to 12 minutes [13] and almost all studies reported that best results obtained with immediate
pouring [12,14] Some observers reported significant dimensional changes in material stored at 40°C for 20 minutes but
found no change at 30°C for 20 minutes [15]. Another study did not report any significant changes when stored at 4°C for
15, 25, 45 minutes but after 60 minutes. This same study stated that changes happen after 25 minutes stored at 23°C
[13].

Considering above disparities of results on different temperatures and storage duration and the fact that environmental
temperature rises in our locality for almost more than half a year it was felt of deemed importance to conduct a study
using different time and temperature scales so that necessary and economical methods can be evolved for precise
production of casts and thus the prosthesis.

2. METHODOLY]|

After approval of synopsis from institutional ethical review committee, the data was collected. After following all infection
control measures, 105 impression molds were made using irreversible hydrocolloid impression material (Hygedent) from
ideal maxillary Dentoform model. Impression material was handled according to manufacturer instructions. A hygienic,

rubber bowl and plaster spatula were used to blend material manually. A large sized prefabricated metal perforated tray
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was selected and used. The metal tray was loaded and then placed on dentoform model. After setting the impression was
removed from the model. The impression was then stored in incubator. The temperature of incubator was maintained at
25°C, 35°C and 45°C. These impression molds were divided into three main groups. One control group (impressions were
poured immediately) and two other groups based on storage time (Group A - stored for 15 minutes and Group B - stored
for 25 minutes). Each of the time storage group was further divided into three sub groups based on storage temperature
(Group 1 - 25°C, Group 2 - 35°C and Group 3 - 45°C). All the seven groups were including 15 impressions each.

Impression molds were poured using (Kopo-Hard CKH-52) hard plaster following manufacturer instructions and final casts
were made. Casts were retrieved after standard time required for setting (minimum 30 minutes) and measurements were
taken utilizing Vernier Caliper. On each cast, two measurements were recorded in a linear manner including
anteroposterior (mesial side of right central incisor to the distal side of right 1st molar) and cross arch (distal side of 1st
molar of right side to the distal side of 1st molar of the left side). In each cast, measurements were recorded and mean
was calculated to verify the accuracy and repeatability of measurements. Then, the measurements were compared with
the measurements taken on the control group for evaluation of dimensional accuracy due to temperature changes.
Statistical analysis was conducted using statistix 8.1 with two factorial designs to determine the storage time and
temperature on dimensional accuracy. Multiple comparisons were carried out with LSD test at 5% probability level.
Statistical analysis was conducted using statistix 8.1 with two factorial designs to determine the storage time and

temperature on dimensional accuracy. Multiple comparisons were carried out with LSD test at 5% probability level.

3. RESULTS

Results shows that there is a significant difference (P<0.001) between Anteroposterior dimensional changes of distance
from Mesial surface of maxillary right central incisor to distal surface of maxillary right first molar at different storage times
as shown in Table 1. Results indicate that the dimensions are increasing directly as storage time increases this might be
because of shrinkage of material due to increase in time of pouring. Shrinkage causes material to pull it towards the tray

and increase the dimensions.

Table 1. Anteroposterior dimensional changes from mesial surface of maxillary right central incisor to distal surface of

maxillary right first molar with respect to time

S.no Time(min) Mean P value
1 0 41.551°¢

2 15 42.262° 0.00




3 25 42.611"°

Results further reveals that there is a significant difference (P<0.001) between anteroposterior dimensional changes of
distance from mesial surface of maxillary right central incisor to distal surface of maxillary right first molar at different
storage temperatures as shown in Table 2. Results indicate that the dimensions are increasing directly as storage
temperature increases this might be because of shrinkage of material due to increases in temperature of pouring.

Table 2. Anteroposterior dimensional changes from mesial surface of maxillary right central incisor to distal surface of

maxillary right first molar with respect to temperature

S.no Temperature(°C) Mean P value
1 25 42.056°

2 35 42.144° 0.00

3 45 42.224*

Dimensional changes noted at different temperatures when poured at different storage times shows that there is a
significant difference (P=0.01) from one another between anteroposterior dimensional changes of distance from mesial
surface of maxillary right central incisor to distal surface of maxillary right first molar at different storage times and
temperatures as shown in Table 3. Comparison results indicates that the dimensions are slightly increasing directly as
storage time and temperature increases. Increase in dimensions indicates direct relation with storage time and

temperature.



Table 3. Specifications of anteroposterior dimensional changes from mesial surface of maxillary right central incisor to

distal surface of maxillary right first molar with time and temperature

S.no Temperature(°C) Time(min) Mean P value
1 45 25 42.713"

2 35 25 42.613"

3 25 25 42.500°

4 45 15 42.400° 0.01

5 35 15 42.267°

6 25 15 42.120°

7 45 0 41.560°

8 35 0 41.547%

9 25 0 41.547%

Results further indicates that there is a significant difference (P<0.001) between Cross-arch dimensional changes of
distance from distal surface of maxillary right first molar to distal surface of maxillary left first molar at different storage
times as shown in Table 4. Results indicate that the dimensions are increasing directly as storage time increases this
might be because of shrinkage of material due to increases in time of pouring. Shrinkage causes material to pull it towards
the tray and increase the dimensions.

Table 4. Cross-arch dimensional changes from distal surface of maxillary right first molar to distal surface of maxillary left

first molar with respect to time

S.no Time(min) Mean P value
1 0 55.010°

2 15 55.287° 0.00

3 25 55.509"

Results further reveals that there is a significant difference (P=0.001) between Cross-arch dimensional changes of
distance from distal surface of maxillary right first molar to distal surface of maxillary left first molar at different storage
temperatures as shown in Table 5. Results indicate that the dimensions are increasing directly as storage temperature
increases this might be because of shrinkage of material due to increases in temperature of pouring, but the rate of

change of dimensions is very small.



Table 5. Cross-arch dimensional changes from distal surface of maxillary right first molar to distal surface of maxillary left

first molar with respect to temperature

S.no

1

Temperature(°C)

25

35

45

Mean
55.207°
55.275%

55.324"

P value

0.001

Dimensional changes noted at different temperatures when poured at different storage times shows that there is no

significant difference (P=0.09) between Cross-arch dimensional changes of distance from distal surface of maxillary right

first molar to distal surface of maxillary left first molar at different storage times and temperatures as shown in Table 6.

Comparison results indicates that the dimensions are increasing directly as storage time and temperature increases.

Increase in dimensions indicates direct relation with storage time and temperature.

Table 6. Specifications of cross-arch dimensional changes from distal surface of maxillary right first molar to distal surface

of maxillary left first molar with respect to time and temperature

S.no Temperature(°C) Time(minutes) Mean P value
1 45 25 55.627A
2 35 25 55.500°
3 25 25 55.400%°
4 45 15 55.327°°
5 35 15 55.313°° 0.09
6 25 15 55.220°
7 45 0 55.017%
8 35 0 55.012°
9 25 0 55.01°
4. DISCUSSION

Several rigid, thermoplastic or elastic impression materials are available for dental impression making but irreversible

hydrocolloid material is among the extensively utilized material due to its elasticity, adequate detail reproduction, ease of

use and certain other advantages [16]. Many studies in the past have been conducted to delineate the material properties

[16-18].



Although having numerous benefits, the dimensional accuracy of alginate impression material remains questionable [4].
Previous studies determining the precision and dimensional accuracy of irreversible hydrocolloid impression material
revealed the requirement for instant pour or on removal of the material from the mouth [10,11,19].

Spontaneous faults could arise in several sources during impression and preparation, for instance, the wrong water
powder ratio, the incorrect size of the tray, gel movement, the unbound impression material from the tray, inadequate
removal of the tray and gypsum prolong contact [3].

Throughout gelation, stress may occur due to inequitable pressure and are relieved when the trays are withdrawn from
the mouth, which can contribute to the impression being distorted [10]. For maxillary impression materials in our research,
the distortion is greater.

When the material is firmly bound to the trays during shrinkage, the material will be shifted to the tray, resulting in an
acceleration in the width of both the tooth and the arch. When dental impressions are postponed for a long time,
anteroposterior and cross-arch expansion and shortening take place for alginate impression [13]. However, it would have
been an advantage for irreversible hydrocolloid utilizers to manage their practices, when the impression could be stored
before pouring for a reasonable time.

4.1 Anteroposterior and Cross-arch Dimensional Changes with respect to Time

This study showed significant increase in anteroposterior (AP) dimensions by increasing the storage time. On the
contrary, Wadhwa SS et al. observed impression storage in a plastic zip-lock bag for up to 1 hour without substantial
changes and he also concluded that casts should be obtained from the conventional alginate impression material within
two days [3].

Our study showed changes in cross-arch measurements have been less significant; whilst modifications in
anteroposterior measurements took place significantly. The increase in AP dimensions was somehow supported by
research [13]; however, cross-arch (CA) increase in dimensions is not identified in previous studies [20].

4.2 Anteroposterior and Cross-arch Dimensional Changes with respect to Temperature

Our study showed significant changes in dimensions when stored at different temperatures (25°C, 35°C, 45°C). Some
observers reported significant dimensional changes in material stored at 40°C for 20 minutes but found no any change at
30°C for 20 minutes [15]. Another study did not report any significant changes when stored at 4°C for 15, 25, 45 minutes
but after 60minutes. This same study stated that changes happen after 25 minutes stored at 23°C [13].

Dimensional stability of irreversible hydrocolloid impression material also depends on composition of the material. This
study was performed on a single type of Alginate impression material. However, Mosharraf and Mokhtari demonstrated in

2006 that Alginoplast alginate products in wet environments have not changed significantly in their measurements for up



to 3 hours [21]. Mosharraf stated in 2011 that the impression of alginmax, elastic cromo, and hydrogum alginate did not
significantly alter until 120 hours of processing, but not effective following 5 storage days [14].

5. CONCLUSION

[This study concluded that the best results could be obtained with immediate pouring at 25°C temperature as compared to

other observed temperatures|

6. LIMITATIONS

Since this was a vitro study, we were unable to assess the impact of clinical variables like blood, saliva or oral cavity on
the precision of the impression products. Furthermore, only one type of Alginate impression material was investigated in
our study. Within these limitations, our study concluded that whenever alginate is used as an impression material, the cast
should be poured immediately for better results. It is fair to say that the results would be better with immediate pouring at

25°C as compared to other observed temperatures.
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