
The Journal of Prosthetic Dentistry

115August 2012

Erbe et alErbe et al

Clinical Implications
The influence of storage conditions on the dimensional accuracy of 
IH impressions is material dependent. Color-changing IHs reacts 
more sensitive to storage conditions than regular irreversible hydro-
colloids. Incorrect storage may result in clinically relevant dimen-
sional inaccuracies. 

Statement of problem. The storage time and conditions of irreversible hydrocolloid impressions affect their accuracy 
and in turn the precision of the definitive cast. Recommendations for proper storage are, however, based on theoreti-
cal assumptions rather than facts.

Purpose. The purpose of this study was to assess the influence of the 2 most common storage conditions on the di-
mensional stability of 7 contemporary irreversible hydrocolloids (IH) for a period of up to 7 days.

Material and methods. Twelve specimens per material (Blueprint, Cavex CA37, Cavex ColorChange, Jeltrate, Ortho-
print, Cavex Orthotrace, and Tetrachrom) were fabricated according to ISO/CD 21563. The specimens were either 
stored in a humidor (n=6) or wrapped in a wet tissue (n=6) inside a plastic bag (bag/tissue). The linear dimensional 
change of the specimens was calculated (Δl [%]) at baseline and after a storage time of 1, 2, 4, 24, 48, 72, 120, and 
168 hours. Data were subjected to a repeated measures ANOVA, followed by post hoc comparisons (Tukey HSD Test, 
Games-Howell Test) at α=.05.

Results. For specimens stored in the humidor, Δl ranged from 0.33% to -2.35% and in the bag/tissue from 2.89% to 
-2.8%. Storage in the bag/tissue resulted in the most unpredictable results. The color-changing IH showed a pro-
nounced expansion when stored in the bag/tissue.

Conclusions. If humidor storage is used, IH impressions should be poured within 4 hours. If bag/tissue storage is 
used, noncolor-change IH impressions should, preferably, be poured within 2 hours. In general, the color-change IHs 
studied had higher dimensional change values. For optimum dimensional stability, IH impressions should be poured 
as soon as possible. (J Prosthet Dent 2012;108:114-122)
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Irreversible hydrocolloids (IH) are 
the most frequently used impression 
materials in dentistry due to their low 
cost, their ease of handling and mix-
ing, and the minimal need for equip-
ment.1-6 In most situations, IH impres-

sions are made to obtain diagnostic 
casts, which do not require high di-
mensional accuracy.1,2,5,7-9 However, 
IHs are also used during treatment 
procedures for making impressions 
for definitive casts, which do require 

high precision. This is particularly true 
when clasp-retained, partial remov-
able dental prostheses are to be fabri-
cated.1,6,7,10-12 Thus, for these patients, 
the success of the treatment procedure 
is related to the precision of the defini-

tive cast, which in turn depends on the 
dimensional accuracy of the irrevers-
ible hydrocolloid impression.8,13,14

A major shortcoming of IH im-
pression materials is that the set im-
pressions undergo considerable di-
mensional change after removal from 
the mouth.10,15 These dimensional 
changes can be ascribed to the intrin-
sic material properties of the irrevers-
ible hydrocolloid brand and handling 
in the unset and set state (including 
tray selection).1,6-8,16-21 A knowledge of 
the oligomer base structure of IHs is 
indispensable for the understanding 
of these phenomena. 

The powder of IHs primarily con-
sists of sodium, potassium, or ammo-
nium alginates, calcium sulfate, filler 
particles, and sodium phosphate.22 
The alginate, in combination with the 
calcium sulfate, is the active compo-
nent responsible for network forma-
tion. Alginates are a family of un-
branched polysaccharides consisting 
of high molecular-weight 1g4, linked 
block copolymers (20-320 kDa) of 
anhydro-β-d-mannuronic acid and 
anhydro-β-d-guluronic acid.22-25 The 
mannuronan (M) regions are stretched 
and flat and are flexible, whereas the 
guluron (G) blocks are less flexible. 
Thus, the rigidity and flexibility of the 
set polymer strongly depends on the 
G:M ratio.23,26

The conversion from the unset sol 
to the set gel state after adding water 
is accomplished when calcium ions 
are released from dissolved calcium 
sulfate dihydrate or hemihydrate, 
producing cross-linking points.5,23,24 
The 3-dimensional structure obtained 
is described as the “egg-box” model 
with alternating MG sequences sur-
rounding blisters of entrapped wa-
ter.5,27 The reaction is affected by the 
concentration of other compounds 
such as calcium sulfate dihydrate and 
MgO.5 Sodium phosphate is added to 
these products as a retarder to post-
pone gelation and thus lengthen the 
working time. 9,23

After the powder is mixed with 
water, polymerization occurs asso-
ciated with a drop in pH, reflecting 

the course of the cross-linking reac-
tion.28-30 Some manufactures add pH 
dependent dyes to allow the course 
of polymerization to be followed vi-
sually so as to identify the correct 
time for the removal of the impres-
sion.4,5,9,23,29,30 Common pH depen-
dent dyes are phenolphthalein and 
thymolphthalein.31,32 Additional in-
gredients such as crystalline calcium 
sulfate are reportedly required to 
make the pH dependent dyes work 
properly.32

In addition to the nature of the 
composition of the IH, storage con-
ditions and storage time until pour-
ing are important parameters which 
affect the dimensions of the impres-
sion.1,10,33 When poured immediate-
ly after removal from the patient’s 
mouth, accurate casts can be ob-
tained.1,3,10,14,19,34 However, the dimen-
sional accuracy of irreversible hydro-
colloid impressions is compromised 
when they are not stored appropriate-
ly. Consequently, the precision of the 
definitive cast is affected, which can 
result in poorly fitting restorations.10,35

Storage in air results in the shrink-
age of IH impressions due to evapo-
ration of water. In contrast, storage in 
water causes swelling and distortion 
due to imbibition.1 Finally, storage at 
100% relative humidity (RH) reportedly 
results in minor dimensional changes, 
although noticeable shrinkage due to 
syneresis can also be observed.23,27,34,36

Although pouring set impressions 
as quickly as possible is generally rec-
ommended,1,2,4,8 manufacturers claim 
that contemporary irreversible hydro-
colloid impressions are dimensionally 
stable for up to several days.4,6,16,37 
Nevertheless, scientific evidence is 
lacking. In addition, recommenda-
tions for proper storage are incon-
sistent. The 2 most common regimes 
used in daily practice are storing IH 
impressions under a damp napkin or 
wrapped in a wet tissue and storage 
in a humidor.1,8-10,22,38

Some previous studies did test 
the dimensional stability of irrevers-
ible hydrocolloids under various stor-
age conditions and for different stor-

age times after impression making.10,15 
However, the authors were not able to 
identify studies comparing the 2 most 
common storage regimes mentioned.23 

Thus, the purpose of this study 
was to assess the influence of 2 dif-
ferent storage conditions at differ-
ent time intervals after setting on the 
dimensional stability of 7 contem-
porary IHs. The following null hy-
pothesis was tested: the dimensional 
accuracy of set irreversible hydrocol-
loid impressions at various time inter-
vals after setting is independent 1) of 
the storage condition and 2) of the 
material used. 

MATERIAL AND METHODS

All impression materials tested 
(Table I) were used according to their 
respective manufacturers’ instruc-
tions in ambient laboratory condi-
tions (23 ±1°C, 50  ±10% RH). The 
composition of the materials tested 
is listed in Table II. As inorganic filler 
content reportedly affects the dimen-
sional accuracy, the ash content of 
the products was determined.6

Twelve specimens per material 
were fabricated in a stainless-steel 
mold according to ISO/CD 21563 
and assigned to the 2 storage condi-
tions (Fig. 1). A sample size of 6 per 
subgroup was chosen since prelimi-
nary tests had demonstrated that this 
sample size yielded an adequate pow-
er (.80) to detect statistically and clin-
ically relevant significant differences. 

Before specimen preparation, the 
test block was coated with a thin lay-
er of insulating spray (Kontaflon 85; 
CRC Industries, Iffezheim, Germany) 
and placed in an incubator for at least 
15 minutes (type TK/L 4250; Ehret, 
Emmendingen, Germany) to allow 
the mold to adapt to 35°C.39

The dispensing and the mixing 
of powder and liquid (Fluka, deion-
ized water, Lot 1203160 42505188; 
Sigma-Aldrich Co, St Louis, Mo) was 
performed by 1 trained investigator, 
who followed a standardized proto-
col. The mixed IH was filled into the 
mold, covered with a polyethylene 
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Table I. Irreversible hydrocolloid impression materials under investigation

Table II. Composition of irreversible hydrocolloid impression materials tested. Information provided by manufacturers

Blueprint Cremix

Cavex CA37 Fast Set

Cavex ColorChange# Fast Set

Cavex Orthotrace

Jeltrate Fast Set

Orthoprint

Tetrachrom#

*Manufacturers’ information. #Color-changing irreversible hydrocolloids.

Dentsply DeTrey

Konstanz, Germany

Cavex Holland BV

Haarlem, the Netherlands

Cavex Holland BV

Haarlem, the Netherlands

Cavex Holland BV

Haarlem, the Netherlands

Dentsply Caulk, Dentsply 

International Inc, Milford, Del

Zhermack Spa 

Badia Polesine, Italy

Kaniedenta, Dentalmedizinische

 Erzeugnisse GmbH & Co KG, 

Herford, Germany

1’30’’

1’30’’

1’30’’

1’10’’

1’30’’

1’05’’

1’45’’

Working time*
(min/s)

2’10’’

2’30’’

2’30’’

2’10’’

2’30’’

1’50’’

2’45’’

Setting time*
(min/s)Manufacturer

0507000176

050615

041114

050408

050401

32869

0155330153

Lot No.Material

Blueprint Cremix

Cavex CA37 Fast Set

Cavex ColorChange# 

Fast Set

Cavex Orthotrace

Jeltrate Fast Set

Orthoprint

Tetrachrom#

#Color-changing irreversible hydrocolloids.

potassium irreversible 

hydrocolloid 10%-15%

potassium irreversible 

hydrocolloid 8% 

sodium irreversible 

hydrocolloid 6%

sodium irreversible 

hydrocolloid 14%

potassium irreversible 

hydrocolloid 8% 

sodium irreversible 

hydrocolloid 6% 

potassium irreversible 

hydrocolloid < 15%

sodium irreversible 

hydrocolloid 10%-20%

sodium irreversible 

hydrocolloid 10%-20%

Irreversible Hydrocolloid 
Type/Content w/w

crystalline silica (cristobalite) 

& crystalline silica 

(quartz) < 55% diatomaceous 

earth < 20%

diatomaceous earth 70% 

diatomaceous earth 70%

diatomaceous earth 70% 

crystalline silica (cristobalite) 

& crystalline silica 

(quartz) < 55% diatomaceous 

earth < 20%

diatomaceous earth  60-70%

diatomaceous earth < 70%

Filler Type/
Content w/w

calcium sulfate dihydrate, polypropylene 

glycol, disodium orthophosphate, potassium 

hexafluorotitanate, sodium alumosilicate, 

magnesium oxide, pigments, peppermint oil

pigments, calcium sulfate, 

potassium hexafluorotitanate, 

tetrasodium pyrophosphate

pigments, calcium sulfate, potassium hexafluorotitanate, 

tetrasodium pyrophosphate, color indicators

pigments, calcium sulfate, potassium 

hexafluorotitanate, tetrasodium pyrophosphate

calcium sulfate, tetrasodium 

pyrophosphate, magnesium oxide

potassium fluorotitanate

sodium phosphate, calcium phosphate, magnesium oxide,

 magnesium carbonate, thymolphthalein, phenolphthalein

Miscellaneous
Ingredients Material

strip (Hostaphan; Pütz GmbH & Co 
Folien KG, Taunusstein, Germany) 
and a glass slide, and then placed into 
a water bath at 35°C (±1°C) 20 sec-
onds before the end of working time 
under a load of 9.8 N.39 The mold was 
removed from the water bath 3 min-
utes after setting.1 Excess moisture 
was removed by gentle air drying to 
simulate the clinical situation. There-

after, the specimen was placed on the 
XY-stage of a traveling microscope 
(M420; Leica, Bensheim, Germany), 
equipped with a digital micrometer 
screw (type 164-161; Mitutoyo Corp, 
Kawasaki, Japan), which had an accu-
racy of ±3 μm, to determine the dis-
tance between the 2 vertical d-lines 
of the mold 3 times (Fig. 1).38 Before 
testing, the mean distance of the 2 

vertical d-lines engraved on the bot-
tom of the stainless steel mold (mea-
suring point: inner borders of the 
d-lines at the crossing with the hori-
zontal c-line) was determined from 20 
measurements as reference (l1 = 24.23 
mm ±0.002 mm).

Immediately after measurement, 
the specimens were either stored in a 
humidor (1 specimen per humidor) or 
wrapped in a water-saturated tissue 
and placed inside a resealable zipper 
plastic storage bag (Toppits; Melitta 
GmbH & Co KG, Minden, Germany) 
(bag/tissue) in ambient conditions 
for 1, 2, 4, 24, 48, 72, 120, and 168 
hours (Fig. 2). The relative linear di-
mensional change (Δl [%]) was calcu-
lated according to the ISO standard.39

 To evaluate the inorganic filler 
content (FC [%]), 1  g (±0.01  g) of 
the irreversible hydrocolloid powder 
(n = 3 per material) was weighed and 
dispensed into a ceramic crucible 
(Heraeus Kulzer, Hanau, Germany). 
The crucible was then placed in a lab-
oratory furnace (type KM-N; MIHM-
Vogt GmbH & Co KG, Karlsruhe, Ger-
many). The ashing time was 1 hour at 
a temperature of 600°C. The percent-
age of the residual solid material (in-
organic filler content) was calculated 
(by mass) as described previously.40

All Δl data was subjected to re-
peated measures analysis of variance 
(ANOVA) to evaluate the influence 
of material and storage condition on 
the course of dimensional changes 
(between-subject effects). A Green-
house-Geisser correction was ap-
plied to determine the influence of 
the within-subject effects because the 
Mauchly test had revealed a lack of 
sphericity.

To evaluate the effect of the ma-
terial at a specific storage time, para-
metrical test procedures were used 
(Tukey Honestly Significant Differ-
ence (HSD) test in the case of homo-
geneity of variances or Games-Howell 
test where no variance homogeneity 
existed).41 Finally, the data of the in-
dividual storage times were subjected 
to a t test for unpaired sample groups 
(2-tailed) to test the influence of stor-

 1  Schematic top view of lined test-block according to ISO CD 
21563.39 Distance between lines d2 and d1, measured along line c.

 2  Storage conditions used: A) Placed on pane of clear acrylic 
resin on top of wet sponge inside air-tight humidor. One specimen 
per humidor. B) Wrapped in wet tissues in contact with entire 
specimen surface and placed in zipper plastic storage bag.

A

B
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a water bath at 35°C (±1°C) 20 sec-
onds before the end of working time 
under a load of 9.8 N.39 The mold was 
removed from the water bath 3 min-
utes after setting.1 Excess moisture 
was removed by gentle air drying to 
simulate the clinical situation. There-

after, the specimen was placed on the 
XY-stage of a traveling microscope 
(M420; Leica, Bensheim, Germany), 
equipped with a digital micrometer 
screw (type 164-161; Mitutoyo Corp, 
Kawasaki, Japan), which had an accu-
racy of ±3 μm, to determine the dis-
tance between the 2 vertical d-lines 
of the mold 3 times (Fig. 1).38 Before 
testing, the mean distance of the 2 

vertical d-lines engraved on the bot-
tom of the stainless steel mold (mea-
suring point: inner borders of the 
d-lines at the crossing with the hori-
zontal c-line) was determined from 20 
measurements as reference (l1 = 24.23 
mm ±0.002 mm).

Immediately after measurement, 
the specimens were either stored in a 
humidor (1 specimen per humidor) or 
wrapped in a water-saturated tissue 
and placed inside a resealable zipper 
plastic storage bag (Toppits; Melitta 
GmbH & Co KG, Minden, Germany) 
(bag/tissue) in ambient conditions 
for 1, 2, 4, 24, 48, 72, 120, and 168 
hours (Fig. 2). The relative linear di-
mensional change (Δl [%]) was calcu-
lated according to the ISO standard.39

 To evaluate the inorganic filler 
content (FC [%]), 1  g (±0.01  g) of 
the irreversible hydrocolloid powder 
(n = 3 per material) was weighed and 
dispensed into a ceramic crucible 
(Heraeus Kulzer, Hanau, Germany). 
The crucible was then placed in a lab-
oratory furnace (type KM-N; MIHM-
Vogt GmbH & Co KG, Karlsruhe, Ger-
many). The ashing time was 1 hour at 
a temperature of 600°C. The percent-
age of the residual solid material (in-
organic filler content) was calculated 
(by mass) as described previously.40

All Δl data was subjected to re-
peated measures analysis of variance 
(ANOVA) to evaluate the influence 
of material and storage condition on 
the course of dimensional changes 
(between-subject effects). A Green-
house-Geisser correction was ap-
plied to determine the influence of 
the within-subject effects because the 
Mauchly test had revealed a lack of 
sphericity.

To evaluate the effect of the ma-
terial at a specific storage time, para-
metrical test procedures were used 
(Tukey Honestly Significant Differ-
ence (HSD) test in the case of homo-
geneity of variances or Games-Howell 
test where no variance homogeneity 
existed).41 Finally, the data of the in-
dividual storage times were subjected 
to a t test for unpaired sample groups 
(2-tailed) to test the influence of stor-

 1  Schematic top view of lined test-block according to ISO CD 
21563.39 Distance between lines d2 and d1, measured along line c.

 2  Storage conditions used: A) Placed on pane of clear acrylic 
resin on top of wet sponge inside air-tight humidor. One specimen 
per humidor. B) Wrapped in wet tissues in contact with entire 
specimen surface and placed in zipper plastic storage bag.

A

B
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age condition for each material. Ma-
terial dependent differences regard-
ing the inorganic filler content were 
evaluated with the Tukey Honestly 
Significant Difference (HSD) test. The 
significance level was set to a=.05 for 
all tests. All statistical analyses were 
performed with statistical software 
(SPSS 15.01; SPSS Inc, Chicago, Ill). 

RESULTS

All IHs showed high dimensional 
accuracy at baseline (Tables III and 
IV). The dimensional accuracy de-
creased for stored specimens. The 
variation of Δl was smaller for humi-

dor storage (0.32% to -2.35%) than 
for bag/tissue storage (2.89% to 
-2.81%). When stored in the humidor 
(Table III), the lowest Δl values were 
observed for the 2 color-changing 
IHs (Tetrachrom and Cavex Color-
Change) at each storage time. There 
were no significant differences be-
tween these 2 materials at any stor-
age period. The highest dimensional 
changes after 5 and 7 days storage, 
respectively, were observed for Jel-
trate, Blueprint, and Orthoprint. 
Under bag/tissue conditions (Table 
IV), the 2 color-changing irreversible 
hydrocolloids showed a linear expan-
sion up to 2.9%. The Δl values for 

both products differed significantly 
(P<.05) at storage times longer than 
2 hours. In contrast, all other prod-
ucts showed ongoing shrinkage with 
increasing storage times. After 7 days 
storage, Cavex CA37 and Cavex Or-
thotrace showed significantly lower 
Δl values (P<.05) than all regular ir-
reversible hydrocolloids tested except 
Orthoprint (P>.05).

The repeated measures ANOVA 
revealed a significant influence of 
the storage condition and material 
(P<.001) on the dimensional changes 
over time. In addition, an interaction 
between the material and its storage 
condition was observed (P<.001) 

Blueprint cremix

Cavex CA37

Cavex ColorChange

Cavex Orthotrace

Jeltrate

Orthoprint

Tetrachrom

Same lower case letters related to columns (differences between materials tested at various storage times) denote results which do not differ significantly (P>.05). *Games-Howell test. #Tukey HSD test.

0.27 (±0.32)

c

-0.14 (±0.17)

a

0.32 (±0.01)

c

0.12 (± 0.1)

a b c

-0.12 (±0.07)

a

-0.07 (±0.07)

a b

0.18 (±0.15)

b c

0#

-0.44 (±0.36)

a b

-0.51 (±0.09)

a

-0.05 (±0.33)

b c

-0.47 (±0.16)

a

-0.44 (±0.11)

a b

-0.40 (±0.17)

a b

0.04 (±0.21)

c

1#

-1.07 (±0.39)

a

-1.06 (±0.13)

a

-0.90 (±0.18)

a b

-1.07 (±0.17)

a

-1.12 (±0.1)

a

-1.10 (±0.08)

a

-0.67 (±0.21)

b

4#

-1.89 (±0.34)

a

-1.71 (±0.11)

a b

-1.35 (±0.3)

b c

-1.50 (±0.05)

a b c

-1.74 (±0.2)

a

-1.79 (±0.05)

a

-1.23 (±0.23)

c

48#

-2.24 (±0.34)

a

-1.91 (±0.18)

a b c

-1.50 (±0.45)

c d

-1.58 (±0.09)

b c d

-1.93 (±0.15)

a b c

-2.02 (±0.08)

a b

-1.43 (±0.2)

d

72#

-0.80 (±0.34)

a b

-0.76 (±0.1)

a

-0.51 (±0.27)

a b

-0.76 (±0.13)

a

-0.75 (±0.16)

a

-0.72 (±0.17)

a

-0.36 (±0.13)

b

2*

-2.24 (±0.35)

a d

-1.98 (±0.12)

a

-1.49 (±0.53)

a b c

-1.57 (±0.06)

b

-2.01 (±0.13)

a

-2.35 (±0.13)

c d

-1.48 (±0.24)

b

120*

-2.19 (±0.27)

a c d

-1.88 (±0.12)

b d e

-1.55 (±0.57)

a b c

-1.76 (±0.06)

b d

-2.28 (±0.19)

a c

-2.21 (±0.2)

a c e

-1.55 (±0.23)

b

168*

-1.53 (±0.32)

a b c

-1.50 (±0.13)

a

-1.07 (±0.19)

c

-1.35 (±0.04)

a b c

-1.56 (±0.18)

a

-1.43 (±0.1)

a b

-1.03 (±0.24)

b c

24*Material

Blueprint cremix

Cavex CA37

Cavex ColorChange

Cavex Orthotrace

Jeltrate

Orthoprint

Tetrachrom

Same letters related to columns (differences between materials tested at various storage times) denote results which do not differ significantly (P>.05). *Games-Howell test. #Tukey HSD test.

0.02 (±0.23)

a b

-0.11 (±0.1)

a

0.05 (±0.26)

a b

-0.22 (±0.14)

a

-0.16 (±0.15)

a

-0.15 (±0.13)

a

0.16 (±0.13)

b

0#

0.61 (±0.25)

b

0.15 (±0.13)

a

1.47 (±0.09)

c

-0.09 (±0.16)

a

0.05 (±0.17)

a

-0.06 (±0.14)

a

1.65 (±0.5)

c

1#

-0.40 (±0.08)

c

-0.80 (±0.08)

b

2.46 (±0.36)

e

-0.86 (±0.07)

b

-1.27 (±0.29)

a

-0.78 (±0.14)

b c

1.92 (±0.31)

d

4#

-1.74 (±0.29)

b

-1.77 (±0.28)

b

2.89 (±0.35)

d

-2.32 (±0.16)

a b

-2.61 (±0.22)

a

-1.77 (±0.29)

b

1.42 (±0.74)

c

48#

-2.00 (±0.25)

b

-1.86 (±0.29)

b

2.88 (±0.32)

d

-2.47 (±0.18)

a

-2.80 (±0.22)

a

-1.91 (±0.3)

b

1.11 (±0.75)

c

72#

0.20 (±0.22)

c

-0.26 (±0.11)

a

2.09 (±0.21)

b

-0.42 (±0.13)

a

-0.55 (±0.17)

a

-0.48 (±0.22)

a

1.95 (±0.27)

b

2*

-2.21 (±0.22)

a f

-1.87 (±0.19)

b f

2.75 (±0.25)

c

-2.05 (±0.17)

 f

-2.81 (±0.23)

d

-2.14 (±0.37)

e f

0.69 (±0.87)

g

120*

-2.30 (±0.21)

a

-1.82 (±0.15)

c

2.78 (±0.21)

d

-1.80 (±0.2)

c

-2.67 (±0.18)

a

-2.14 (±0.3)

a c

0.16 (±0.76)

b

168*

-1.38 (±0.17)

a f

-1.46 (±0.25)

b f

2.64 (±0.34)

c

-1.68 (±0.2)

f

-2.20 (±0.22)

d

-1.5 (±0.22)

e f

1.44 (±0.5)

g

24*Material

Table III. Mean values (standard deviations) of Δl [%] for humidor storage at various points in time (in  hours) 

Table IV. Mean values (standard deviations) of Δl [%] for bag/tissue storage at various points in time (in hours)

Table V. Results of ANOVA for repeated measures (tests of between-subject effects)

Corrected model

Material

Storage 

Material × storage

Error

472

459

105

276

26

1264

205

280

123

Type III 
Sum of Squares

472

77

105

46

0.37

Mean
Square F

<.001

<.001

<.001

<.001

PSource

1

6

1

6

70

df

Blueprint cremix

Cavex CA37

Cavex ColorChange

Cavex Orthotrace

Jeltrate

Orthoprint

Tetrachrom 

*significant influence of storage.

.144

.709

.048*

.001*

.584

.260

.816

0

<.001*

<.001*

<.001*

.003*

<.001*

.003*

<.001*

1

.007*

.002*

<.001*

.027*

.279

.001*

<.001*

4

.457

.642

<.001*

<.001*

<.001*

.862

<.001*

48

.184

.694

<.001*

<.001*

<.001*

.444

<.001*

72

<.001*

<.001*

<.001*

.001*

.064

.059

<.001*

2

.860

.283

<.001*

<.001*

<.001*

.211

<.001*

120

.451

.436

<.001*

.682

.004*

.619

<.001*

168

.320

.725

<.001*

.008*

<.001*

.450

<.001*

24Material

Blueprint cremix

Cavex CA37

Cavex ColorChange

Jeltrate

Orthoprint

Cavex Orthotrace

Tetrachrom

83.0

83.3

84.5

86.1

85.4

83.6

88.2

(±0.2)a

(±0.1)a,b

(±0.2)c

(±0.3)d

(±0.2)e

(±0.1)b

(±0.1)f

Filler ContentProduct

#Tukey HSD test. Identical lower case superscript letters 
denote materials, which do not differ significantly (P>.05).

Table VI. Results of ANOVA* for repeated measures (tests of within-subject effects)

Time

Time × storage

Time × material

Time × storage × material

Error

*Greenhouse-Geisser test.

299

20

93

76

18

1129

77

58

48

Type III 
Sum of Squares

119

8

6

5

0.11

Mean
Square F

<.001

<.001

<.001

<.001

PSource

2.5

2.5

15

15

176

df

Table VII. Pairwise comparison (P-values) using t test for unpaired samples (influence of storage at 
various points in time (in hours))

Table VIII. Inorganic filler content determined from 
ashing of powder (mean values and standard deviations)
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age condition for each material. Ma-
terial dependent differences regard-
ing the inorganic filler content were 
evaluated with the Tukey Honestly 
Significant Difference (HSD) test. The 
significance level was set to a=.05 for 
all tests. All statistical analyses were 
performed with statistical software 
(SPSS 15.01; SPSS Inc, Chicago, Ill). 

RESULTS

All IHs showed high dimensional 
accuracy at baseline (Tables III and 
IV). The dimensional accuracy de-
creased for stored specimens. The 
variation of Δl was smaller for humi-

dor storage (0.32% to -2.35%) than 
for bag/tissue storage (2.89% to 
-2.81%). When stored in the humidor 
(Table III), the lowest Δl values were 
observed for the 2 color-changing 
IHs (Tetrachrom and Cavex Color-
Change) at each storage time. There 
were no significant differences be-
tween these 2 materials at any stor-
age period. The highest dimensional 
changes after 5 and 7 days storage, 
respectively, were observed for Jel-
trate, Blueprint, and Orthoprint. 
Under bag/tissue conditions (Table 
IV), the 2 color-changing irreversible 
hydrocolloids showed a linear expan-
sion up to 2.9%. The Δl values for 

both products differed significantly 
(P<.05) at storage times longer than 
2 hours. In contrast, all other prod-
ucts showed ongoing shrinkage with 
increasing storage times. After 7 days 
storage, Cavex CA37 and Cavex Or-
thotrace showed significantly lower 
Δl values (P<.05) than all regular ir-
reversible hydrocolloids tested except 
Orthoprint (P>.05).

The repeated measures ANOVA 
revealed a significant influence of 
the storage condition and material 
(P<.001) on the dimensional changes 
over time. In addition, an interaction 
between the material and its storage 
condition was observed (P<.001) 

Blueprint cremix

Cavex CA37

Cavex ColorChange

Cavex Orthotrace

Jeltrate

Orthoprint

Tetrachrom

Same lower case letters related to columns (differences between materials tested at various storage times) denote results which do not differ significantly (P>.05). *Games-Howell test. #Tukey HSD test.

0.27 (±0.32)

c

-0.14 (±0.17)

a

0.32 (±0.01)

c

0.12 (± 0.1)

a b c

-0.12 (±0.07)

a

-0.07 (±0.07)

a b

0.18 (±0.15)

b c

0#

-0.44 (±0.36)

a b

-0.51 (±0.09)

a

-0.05 (±0.33)

b c

-0.47 (±0.16)

a

-0.44 (±0.11)

a b

-0.40 (±0.17)

a b

0.04 (±0.21)

c

1#

-1.07 (±0.39)

a

-1.06 (±0.13)

a

-0.90 (±0.18)

a b

-1.07 (±0.17)

a

-1.12 (±0.1)

a

-1.10 (±0.08)

a

-0.67 (±0.21)

b

4#

-1.89 (±0.34)

a

-1.71 (±0.11)

a b

-1.35 (±0.3)

b c

-1.50 (±0.05)

a b c

-1.74 (±0.2)

a

-1.79 (±0.05)

a

-1.23 (±0.23)

c

48#

-2.24 (±0.34)

a

-1.91 (±0.18)

a b c

-1.50 (±0.45)

c d

-1.58 (±0.09)

b c d

-1.93 (±0.15)

a b c

-2.02 (±0.08)

a b

-1.43 (±0.2)

d

72#

-0.80 (±0.34)

a b

-0.76 (±0.1)

a

-0.51 (±0.27)

a b

-0.76 (±0.13)

a

-0.75 (±0.16)

a

-0.72 (±0.17)

a

-0.36 (±0.13)

b

2*

-2.24 (±0.35)

a d

-1.98 (±0.12)

a

-1.49 (±0.53)

a b c

-1.57 (±0.06)

b

-2.01 (±0.13)

a

-2.35 (±0.13)

c d

-1.48 (±0.24)

b

120*

-2.19 (±0.27)

a c d

-1.88 (±0.12)

b d e

-1.55 (±0.57)

a b c

-1.76 (±0.06)

b d

-2.28 (±0.19)

a c

-2.21 (±0.2)

a c e

-1.55 (±0.23)

b

168*

-1.53 (±0.32)

a b c

-1.50 (±0.13)

a

-1.07 (±0.19)

c

-1.35 (±0.04)

a b c

-1.56 (±0.18)

a

-1.43 (±0.1)

a b

-1.03 (±0.24)

b c

24*Material

Blueprint cremix

Cavex CA37

Cavex ColorChange

Cavex Orthotrace

Jeltrate

Orthoprint

Tetrachrom

Same letters related to columns (differences between materials tested at various storage times) denote results which do not differ significantly (P>.05). *Games-Howell test. #Tukey HSD test.

0.02 (±0.23)

a b

-0.11 (±0.1)

a

0.05 (±0.26)

a b

-0.22 (±0.14)

a

-0.16 (±0.15)

a

-0.15 (±0.13)

a

0.16 (±0.13)

b

0#

0.61 (±0.25)

b

0.15 (±0.13)

a

1.47 (±0.09)

c

-0.09 (±0.16)

a

0.05 (±0.17)

a

-0.06 (±0.14)

a

1.65 (±0.5)

c

1#

-0.40 (±0.08)

c

-0.80 (±0.08)

b

2.46 (±0.36)

e

-0.86 (±0.07)

b

-1.27 (±0.29)

a

-0.78 (±0.14)

b c

1.92 (±0.31)

d

4#

-1.74 (±0.29)

b

-1.77 (±0.28)

b

2.89 (±0.35)

d

-2.32 (±0.16)

a b

-2.61 (±0.22)

a

-1.77 (±0.29)

b

1.42 (±0.74)

c

48#

-2.00 (±0.25)

b

-1.86 (±0.29)

b

2.88 (±0.32)

d

-2.47 (±0.18)

a

-2.80 (±0.22)

a

-1.91 (±0.3)

b

1.11 (±0.75)

c

72#

0.20 (±0.22)

c

-0.26 (±0.11)

a

2.09 (±0.21)

b

-0.42 (±0.13)

a

-0.55 (±0.17)

a

-0.48 (±0.22)

a

1.95 (±0.27)

b

2*

-2.21 (±0.22)

a f

-1.87 (±0.19)

b f

2.75 (±0.25)

c

-2.05 (±0.17)

 f

-2.81 (±0.23)

d

-2.14 (±0.37)

e f

0.69 (±0.87)

g

120*

-2.30 (±0.21)

a

-1.82 (±0.15)

c

2.78 (±0.21)

d

-1.80 (±0.2)

c

-2.67 (±0.18)

a

-2.14 (±0.3)

a c

0.16 (±0.76)

b

168*

-1.38 (±0.17)

a f

-1.46 (±0.25)

b f

2.64 (±0.34)

c

-1.68 (±0.2)

f

-2.20 (±0.22)

d

-1.5 (±0.22)

e f

1.44 (±0.5)

g

24*Material

Table III. Mean values (standard deviations) of Δl [%] for humidor storage at various points in time (in  hours) 

Table IV. Mean values (standard deviations) of Δl [%] for bag/tissue storage at various points in time (in hours)

Table V. Results of ANOVA for repeated measures (tests of between-subject effects)

Corrected model

Material

Storage 

Material × storage

Error

472

459

105

276

26

1264

205

280

123

Type III 
Sum of Squares

472

77

105

46

0.37

Mean
Square F

<.001

<.001

<.001

<.001

PSource

1

6

1

6

70

df

Blueprint cremix

Cavex CA37

Cavex ColorChange

Cavex Orthotrace

Jeltrate

Orthoprint

Tetrachrom 

*significant influence of storage.

.144

.709

.048*

.001*

.584

.260

.816

0

<.001*

<.001*

<.001*

.003*

<.001*

.003*

<.001*

1

.007*

.002*

<.001*

.027*

.279

.001*

<.001*

4

.457

.642

<.001*

<.001*

<.001*

.862

<.001*

48

.184

.694

<.001*

<.001*

<.001*

.444

<.001*

72

<.001*

<.001*

<.001*

.001*

.064

.059

<.001*

2

.860

.283

<.001*

<.001*

<.001*

.211

<.001*

120

.451

.436

<.001*

.682

.004*

.619

<.001*

168

.320

.725

<.001*

.008*

<.001*

.450

<.001*

24Material

Blueprint cremix

Cavex CA37

Cavex ColorChange

Jeltrate

Orthoprint

Cavex Orthotrace

Tetrachrom

83.0

83.3

84.5

86.1

85.4

83.6

88.2

(±0.2)a

(±0.1)a,b

(±0.2)c

(±0.3)d

(±0.2)e

(±0.1)b

(±0.1)f

Filler ContentProduct

#Tukey HSD test. Identical lower case superscript letters 
denote materials, which do not differ significantly (P>.05).

Table VI. Results of ANOVA* for repeated measures (tests of within-subject effects)

Time

Time × storage

Time × material

Time × storage × material

Error

*Greenhouse-Geisser test.

299

20

93

76

18

1129

77

58

48

Type III 
Sum of Squares

119

8

6

5

0.11

Mean
Square F

<.001

<.001

<.001

<.001

PSource

2.5

2.5

15

15

176

df

Table VII. Pairwise comparison (P-values) using t test for unpaired samples (influence of storage at 
various points in time (in hours))

Table VIII. Inorganic filler content determined from 
ashing of powder (mean values and standard deviations)
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(Table V). The Greenhouse-Geisser 
test revealed a significant influence 
of the time alone and in interaction 
with material and storage condition 
(P<.001) (Table VI).

The t test for unpaired sample 
groups revealed a significant influ-
ence of the storage condition at vari-
ous storage times, mainly for the 2 
color-changing IHs (P<.001) (Table 
VII). Most of the materials tested 
differed significantly regarding filler-
content (P<.05); Tetrachrom showed 
the highest fraction of inorganic filler 
(Table VIII).

DISCUSSION

Some prosthodontic treatment 
procedures require accurate IH im-
pressions to obtain accurate definitive 
casts.8,12-14 Major factors influencing 
the accuracy of IHs are storage time 
and condition. This study, therefore, 
aimed at investigating the influence of 
these factors on the dimensional ac-
curacy of set IH impressions.1,10,16 The 
results indicate that the null hypoth-
eses must be rejected because the di-

mensional accuracy of IH impressions 
at various time intervals after setting 
was affected by the storage condition 
and the material used. 

Specimen preparation, setting con-
ditions, and measurement complied 
with ISO/CD 21563.39 All tests were 
performed by 1 experienced investiga-
tor, following a comprehensive train-
ing period to standardize dosing, mix-
ing procedures, and the fabrication of 
specimens. 

As storage conditions, the 2 major 
storage regimes used in clinical prac-
tice were selected.23 Storing IHs in am-
bient conditions reportedly results in 
shrinkage and in turn in clinically unac-
ceptable dimensional changes.3,6,14,16 
Thus, this condition was omitted. 

The lowest dimensional changes 
were observed for specimens stored 
in a humidor. Significant differences 
observed between some of the prod-
ucts were small and therefore of mi-
nor clinical importance. Douglas et 
al10 found acceptable dimensional 
stability of IH impressions stored for 
72 hours at 100% RH. The results 
for Cavex CA37 in the current study 

compared well with the data after 1 
hour storage presented by Miller.34 
However, an increased shrinkage af-
ter 24  hours storage versus Miller’s 
results was noted. Shrinkage values 
obtained by Chen et al33 exceed the re-
sults of the current study for Δl (Cavex 
CA37, Jeltrate), especially at 24-hour 
storage. The differences might be re-
lated to the storage conditions used 
because Chen et al did not use an 
individual humidor for every single 
specimen. Dahl et al36 stated that 
IH impressions might be stored for 
24  hours at 100% RH without com-
promising the dimensional accuracy 
of most products. 

The results of the current study 
clearly indicate that shrinkage due 
to syneresis occurs even at 100% RH. 
Syneresis is regarded as a combined 
result of the rearrangement of poly-
mer chains and the continuing polym-
erization and formation of hydrogen 
bonds between polymer chains. As a 
consequence, the skeletal network of 
the gel contracts and forces intermi-
cellar fluid outwards, resulting in an 
exudation of liquid.6,25,34

A B

 3  Schematic drawing illustrating presumed processes within irreversible hydrocolloid on molecular level. A, Shrinkage 
phenomena occur if synersis forces (Fsyneresis) are higher than osmotic forces (Fosmotic). B, Osmotic active ingredients within 
color-changing irreversible hydrocolloid shift force balance towards Fosmotic, resulting in overall expansion of material.

In addition, the polymer:filler ra-
tio is a factor influencing the shrink-
age.6 The values obtained for the 
content of solid materials by ashing 
was higher than those provided by the 
respective manufacturer (Table II). 
It is believed that manufacturers use 
additional solid components, such as 
inorganic pigments, which increase 
the number of ingredients, contribut-
ing to the dimensional stability. In the 
current study, however, the content 
of inorganic filler had no influence 
on dimensional stability. Therefore, 
it is postulated that the polymer con-
figuration is of importance regarding 
the phenomenon of syneresis related 
shrinkage for the materials tested. 

An important question is the one 
of maximum acceptable dimensional 
change. Most studies identify the first 
point in time at which a significant 
dimensional change of the impres-
sion occurs when compared to the 
control. This criterion is, however, of 
limited importance because signifi-
cant differences may not be clinically 
relevant and vice versa. An important 
shortcoming is that the literature 
lacks important information about 
the threshold at which the dimen-
sional accuracy becomes clinically un-
acceptable. Values given range from 
0.1% to 0.8%.14,20,35,36

Unless impressions are poured in 
their office, dentists will be able to 
control neither the time between im-
pression making and pouring nor the 
storage condition used in the den-
tal laboratory. Therefore, the repro-
ducibility of the linear dimensional 
change (the scattering of Δl-values) 
should be considered. A high scatter-
ing of Δl-values at different storage 
times and under different conditions 
counteracts standardized impression 
making and pouring procedures and 
in turn leads to unpredictable results. 

When stored in the bag/tissue, the 
results of Dl were markedly different 
from humidor storage for the 2 color-
changing IHs. The highest variations 
and broadest scattering of Δl values 
were observed for Tetrachrom. Both 
color-changing IHs seem to exhibit a 

higher water uptake associated with 
swelling when compared to the regu-
lar IHs tested. It is unclear why this 
occurs. It is reported that IHs swell 
and expand if the impression comes 
in direct contact with water because 
of imbibition.1,19 The driving force 
and resulting dimensional change 
of an irreversible hydrocolloid-gel is 
dependent upon the equilibration 
between the network chain elasticity 
and the osmotic pressure difference 
between the gel and the outer solu-
tion.18 These phenomena are particu-
larly important when IH impressions 
are to be disinfected.17,18 However, 
as observed in the current study, 
syneresis may counteract swelling. In 
consequence, all regular IHs showed 
a distinct shrinkage under bag/tissue 
conditions. 

In contrast, the storage condition 
had an important effect on the 2 color-
changing IHs. The following 2 hypoth-
eses may explain the results: additional 
ingredients, typically used in color-
changing IHs versus regular IHs, may 
exhibit a high hygroscopic potential. 
Such ingredients are dissolved or dis-
persed in the water blisters within the 
polymer chains, increasing the osmot-
ic pressure inside the material. When 
the impression comes in contact with 
water, fluid will be drawn inside the 
blisters from outside by diffusion. The 
diffusion will persist until the force bal-
ance is reached between the network 
chain elasticity and osmotic pressure. 
This process will result in an overall ex-
pansion of the impression, depending 
on the amount of osmotic effective in-
gredients (Fig. 3). Such an osmotic ef-
fective ingredient is crystalline sodium 
sulfate, which reportedly is mandatory 
to obtain the desired color change ef-
fects in color-changing IHs.32

Consequently, a high osmotic pres-
sure in a set IH, even when stored in a 
humidor, may counteract and reduce 
syneresis. The lower shrinkage of Tet-
rachrom and Cavex Colorchange at 
various storage times in the humidor 
supports this hypothesis. A similar 
tendency was observed by Miller et 
al34 for a color-changing irreversible 

hydrocolloid (Kromopan). Given that 
the force balance between osmotic 
and syneresis forces is the key to the 
storage related dimensional changes 
of an irreversible hydrocolloid, man-
ufacturers may be able to develop 
improved “nonshrinking” irreversible 
hydrocolloids simply by fine tuning 
these parameters with osmotic effec-
tive ingredients.

In summary, the Δl values of speci-
mens stored in the bag/tissue envi-
ronment revealed a broader scatter-
ing and a higher deviation from the 
definitive impression than storage in 
a humidor, which is undesirable. In 
contrast, storing specimens in a hu-
midor resulted in a smaller scattering 
of Δl values and in turn to more pre-
dictable results. 

It should be mentioned that most 
dental clinics do not have single hu-
midors for storing impressions. How-
ever, humidor conditions can easily be 
achieved in daily practice by using air-
tight plastic boxes containing a wet 
sponge which does not contact the 
impression. In addition, it is hypoth-
esized that the same environmental 
conditions can be achieved by storage 
in airtight plastic bags (eventually, 
with wet cotton rolls which are not in 
direct contact with the impression). 
This question should be addressed in 
further studies. 

The limitation of this study is that 
dimensional changes of IH impres-
sions are more complex than those 
of the flat specimens prepared for the 
current study. In addition, the water 
content of a wet tissue could hardly 
be controlled in daily practice and 
may vary at different places on the 
same impression. In turn, different 
phenomena may occur within an im-
pression leading to distortion. 

CONCLUSIONS

Within the limitations of the study 
the following conclusions can be drawn:

1. If humidor storage is used, IH im-
pressions should be poured within 4 
hours.
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(Table V). The Greenhouse-Geisser 
test revealed a significant influence 
of the time alone and in interaction 
with material and storage condition 
(P<.001) (Table VI).

The t test for unpaired sample 
groups revealed a significant influ-
ence of the storage condition at vari-
ous storage times, mainly for the 2 
color-changing IHs (P<.001) (Table 
VII). Most of the materials tested 
differed significantly regarding filler-
content (P<.05); Tetrachrom showed 
the highest fraction of inorganic filler 
(Table VIII).

DISCUSSION

Some prosthodontic treatment 
procedures require accurate IH im-
pressions to obtain accurate definitive 
casts.8,12-14 Major factors influencing 
the accuracy of IHs are storage time 
and condition. This study, therefore, 
aimed at investigating the influence of 
these factors on the dimensional ac-
curacy of set IH impressions.1,10,16 The 
results indicate that the null hypoth-
eses must be rejected because the di-

mensional accuracy of IH impressions 
at various time intervals after setting 
was affected by the storage condition 
and the material used. 

Specimen preparation, setting con-
ditions, and measurement complied 
with ISO/CD 21563.39 All tests were 
performed by 1 experienced investiga-
tor, following a comprehensive train-
ing period to standardize dosing, mix-
ing procedures, and the fabrication of 
specimens. 

As storage conditions, the 2 major 
storage regimes used in clinical prac-
tice were selected.23 Storing IHs in am-
bient conditions reportedly results in 
shrinkage and in turn in clinically unac-
ceptable dimensional changes.3,6,14,16 
Thus, this condition was omitted. 

The lowest dimensional changes 
were observed for specimens stored 
in a humidor. Significant differences 
observed between some of the prod-
ucts were small and therefore of mi-
nor clinical importance. Douglas et 
al10 found acceptable dimensional 
stability of IH impressions stored for 
72 hours at 100% RH. The results 
for Cavex CA37 in the current study 

compared well with the data after 1 
hour storage presented by Miller.34 
However, an increased shrinkage af-
ter 24  hours storage versus Miller’s 
results was noted. Shrinkage values 
obtained by Chen et al33 exceed the re-
sults of the current study for Δl (Cavex 
CA37, Jeltrate), especially at 24-hour 
storage. The differences might be re-
lated to the storage conditions used 
because Chen et al did not use an 
individual humidor for every single 
specimen. Dahl et al36 stated that 
IH impressions might be stored for 
24  hours at 100% RH without com-
promising the dimensional accuracy 
of most products. 

The results of the current study 
clearly indicate that shrinkage due 
to syneresis occurs even at 100% RH. 
Syneresis is regarded as a combined 
result of the rearrangement of poly-
mer chains and the continuing polym-
erization and formation of hydrogen 
bonds between polymer chains. As a 
consequence, the skeletal network of 
the gel contracts and forces intermi-
cellar fluid outwards, resulting in an 
exudation of liquid.6,25,34
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 3  Schematic drawing illustrating presumed processes within irreversible hydrocolloid on molecular level. A, Shrinkage 
phenomena occur if synersis forces (Fsyneresis) are higher than osmotic forces (Fosmotic). B, Osmotic active ingredients within 
color-changing irreversible hydrocolloid shift force balance towards Fosmotic, resulting in overall expansion of material.

In addition, the polymer:filler ra-
tio is a factor influencing the shrink-
age.6 The values obtained for the 
content of solid materials by ashing 
was higher than those provided by the 
respective manufacturer (Table II). 
It is believed that manufacturers use 
additional solid components, such as 
inorganic pigments, which increase 
the number of ingredients, contribut-
ing to the dimensional stability. In the 
current study, however, the content 
of inorganic filler had no influence 
on dimensional stability. Therefore, 
it is postulated that the polymer con-
figuration is of importance regarding 
the phenomenon of syneresis related 
shrinkage for the materials tested. 

An important question is the one 
of maximum acceptable dimensional 
change. Most studies identify the first 
point in time at which a significant 
dimensional change of the impres-
sion occurs when compared to the 
control. This criterion is, however, of 
limited importance because signifi-
cant differences may not be clinically 
relevant and vice versa. An important 
shortcoming is that the literature 
lacks important information about 
the threshold at which the dimen-
sional accuracy becomes clinically un-
acceptable. Values given range from 
0.1% to 0.8%.14,20,35,36

Unless impressions are poured in 
their office, dentists will be able to 
control neither the time between im-
pression making and pouring nor the 
storage condition used in the den-
tal laboratory. Therefore, the repro-
ducibility of the linear dimensional 
change (the scattering of Δl-values) 
should be considered. A high scatter-
ing of Δl-values at different storage 
times and under different conditions 
counteracts standardized impression 
making and pouring procedures and 
in turn leads to unpredictable results. 

When stored in the bag/tissue, the 
results of Dl were markedly different 
from humidor storage for the 2 color-
changing IHs. The highest variations 
and broadest scattering of Δl values 
were observed for Tetrachrom. Both 
color-changing IHs seem to exhibit a 

higher water uptake associated with 
swelling when compared to the regu-
lar IHs tested. It is unclear why this 
occurs. It is reported that IHs swell 
and expand if the impression comes 
in direct contact with water because 
of imbibition.1,19 The driving force 
and resulting dimensional change 
of an irreversible hydrocolloid-gel is 
dependent upon the equilibration 
between the network chain elasticity 
and the osmotic pressure difference 
between the gel and the outer solu-
tion.18 These phenomena are particu-
larly important when IH impressions 
are to be disinfected.17,18 However, 
as observed in the current study, 
syneresis may counteract swelling. In 
consequence, all regular IHs showed 
a distinct shrinkage under bag/tissue 
conditions. 

In contrast, the storage condition 
had an important effect on the 2 color-
changing IHs. The following 2 hypoth-
eses may explain the results: additional 
ingredients, typically used in color-
changing IHs versus regular IHs, may 
exhibit a high hygroscopic potential. 
Such ingredients are dissolved or dis-
persed in the water blisters within the 
polymer chains, increasing the osmot-
ic pressure inside the material. When 
the impression comes in contact with 
water, fluid will be drawn inside the 
blisters from outside by diffusion. The 
diffusion will persist until the force bal-
ance is reached between the network 
chain elasticity and osmotic pressure. 
This process will result in an overall ex-
pansion of the impression, depending 
on the amount of osmotic effective in-
gredients (Fig. 3). Such an osmotic ef-
fective ingredient is crystalline sodium 
sulfate, which reportedly is mandatory 
to obtain the desired color change ef-
fects in color-changing IHs.32

Consequently, a high osmotic pres-
sure in a set IH, even when stored in a 
humidor, may counteract and reduce 
syneresis. The lower shrinkage of Tet-
rachrom and Cavex Colorchange at 
various storage times in the humidor 
supports this hypothesis. A similar 
tendency was observed by Miller et 
al34 for a color-changing irreversible 

hydrocolloid (Kromopan). Given that 
the force balance between osmotic 
and syneresis forces is the key to the 
storage related dimensional changes 
of an irreversible hydrocolloid, man-
ufacturers may be able to develop 
improved “nonshrinking” irreversible 
hydrocolloids simply by fine tuning 
these parameters with osmotic effec-
tive ingredients.

In summary, the Δl values of speci-
mens stored in the bag/tissue envi-
ronment revealed a broader scatter-
ing and a higher deviation from the 
definitive impression than storage in 
a humidor, which is undesirable. In 
contrast, storing specimens in a hu-
midor resulted in a smaller scattering 
of Δl values and in turn to more pre-
dictable results. 

It should be mentioned that most 
dental clinics do not have single hu-
midors for storing impressions. How-
ever, humidor conditions can easily be 
achieved in daily practice by using air-
tight plastic boxes containing a wet 
sponge which does not contact the 
impression. In addition, it is hypoth-
esized that the same environmental 
conditions can be achieved by storage 
in airtight plastic bags (eventually, 
with wet cotton rolls which are not in 
direct contact with the impression). 
This question should be addressed in 
further studies. 

The limitation of this study is that 
dimensional changes of IH impres-
sions are more complex than those 
of the flat specimens prepared for the 
current study. In addition, the water 
content of a wet tissue could hardly 
be controlled in daily practice and 
may vary at different places on the 
same impression. In turn, different 
phenomena may occur within an im-
pression leading to distortion. 

CONCLUSIONS

Within the limitations of the study 
the following conclusions can be drawn:

1. If humidor storage is used, IH im-
pressions should be poured within 4 
hours.
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2. If bag/tissue storage is used, 
most noncolor change IH impressions 
should be poured within 2 hours (ex-
cept Blueprint cremix which had high-
er mean dimensional change values).

3. For optimum dimensional stabil-
ity, IH impressions should be poured 
as soon as possible, because in gen-
eral, mean values increase with time.

4. In general, the color-change IH 
materials studied had higher dimen-
sional change values.
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Panfacial fractures involve trauma to the lower, middle, and upper facial bones and often require a team approach 
for management. Early and complete restoration of preinjury facial contours and function should be the goal of the 
oral and maxillofacial surgeon and the prosthodontist. When the intraoral landmarks are lost, overall facial anatomic 
landmarks can be used to restore the oral cavity. A patient with complex clinical panfacial fractures, including a verti-
cally and horizontally malpositioned native alveolar bone and severe facial asymmetry, is presented. A functional and 
esthetic rehabilitation was successfully accomplished by using a partial removable dental prosthesis retained with tele-
scopic crowns and magnetic attachments in the maxilla and osseointegrated implants to support a definitive dental 
prosthesis in the mandible. (J Prosthet Dent 2012;108:123-128)
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Panfacial fractures simultaneously 
involve the mandible, maxilla, and zy-
gomatic complex, and they are often 
accompanied by naso-orbito-ethmoid 
(NOE) and frontal bone fractures.1 
Panfacial fractures are often associ-
ated with soft tissue injuries and a loss 
of bony structures that can result in 
severe post-traumatic deformities and 
disabilities, such as malocclusion. Pan-
facial fractures often are accompanied 
by multisystem trauma (polytrauma) 
and require a team approach, including 
prosthodontists, for their management.2 

The goal of treatment is to restore 
both preinjury facial form and func-
tion. Because injuries from falls and 
automobile accidents are frequently 
emergency situations that result in 
simultaneous damage to the maxilla 
and mandible, certain general prin-
ciples are needed to optimize patient 
outcome, and experience is required 
to determine the appropriate proce-
dures.3 Because panfacial fractures 

are often accompanied by complex 
trauma that threatens the life of the 
patient, the treatment of the facial 
injuries may be delayed. Moreover, 
severe facial swelling and lack of dis-
tinctly observable landmarks make 
the repositioning of teeth and alveo-
lar bone to their original position dif-
ficult. When the intraoral landmarks 
are lost, the overall facial anatomic 
landmarks can be used to restore the 
oral cavity, but it is difficult to rees-
tablish the occlusion and 3-dimen-
sional (3-D) relationship of the jaws. 
Occlusal devices are indispensable 
when repositioning the alveolar bone 
and teeth in their original positions 
during comminuted facial fracture re-
duction surgery. He et al4 reported a 
100% incidence of malocclusion and 
facial deformity after panfacial frac-
ture reduction surgery.

In patients with extensive soft and 
hard tissue loss, a significant benefit 
may be derived from the use of dental 

endosseous implants. Implants help 
to maintain the bone and, in some 
situations, may even reverse residual 
ridge atrophy.5,6 The purpose of this 
report is to present the prosthodontic 
rehabilitation of a patient with a pan-
facial fracture who experienced a ver-
tically and horizontally malpositioned 
alveolar bone and severe facial asym-
metry after reduction.

CLINICAL REPORT

A 50-year-old man who had been 
in a motorcycle accident was admit-
ted to the emergency room and the 
Department of Oral and Maxillofacial 
Surgery of Kyung Hee University in 
critical condition and received reduc-
tion surgery. The patient had a pan-
facial fracture consisting of maxillary, 
intraorbital, nasal, and alveolar bone 
fractures (Fig. 1). 

An opened mouth at physiologic 
rest position, lack of lip support, 
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