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Abstract 
Background: The accuracy of the final prosthesis is affected by the final im-
pression technique and master cast production. The aim of the present study 
was to evaluate the effect of the functional impression technique with various 
impression materials on the surface characteristic of dental stone casts and 
their clinical effect on the retention of complete dentures. Method: Specimens 
of three impression materials/stone casts were fabricated. The specimens of 
the impression materials/stone casts were divided into three equal groups (I, 
II, and III). The impression materials used were as follows: tissue conditioner 
group (I), zinc oxide (ZEO) (group II) and poly (vinyl siloxane) (PVS) (group 
III). Cylindrical split aluminium moulds were designed to receive the impres-
sion materials and the stone mixture. The surface roughness of the stone cast 
specimens of the three groups (I, II, and III) was measured with a surface pro-
filometer and analyzed by a scanning electron microscope. A clinical study in-
cluded five severely resorbed mandibular edentulous alveolar ridges and 
edentulous maxillary arches. Each subject received three heat-cured acrylic 
resin dentures, fabricated using the functional impression technique. The 
three dentures were identical except for the different impression materials 
used from Groups I, II and III. The retentive force of each denture for each 
subject was measured. Result: The results of this study revealed that the mean 
value of surface roughness of the stone cast surface of group I was higher than 
group II and group III. A statistically significant difference was observed in 
surface roughness and the retentive dislodging force between the three studied 
groups. Although using a tissue conditioner as a functional impression ma-
terial led to a high level of surface roughness and good retention, it could not 
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produce the same smooth surface quality of PVS or ZEO. These data were 
supported by SEM analysis. The complete dentures for these patients require 
important oral and denture hygiene care. Conclusion: Complete dentures 
made using functional impression technique with PVC as a final impression 
material are more comfortable, retentive and stable. 
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1. Introduction 

The prevalence of edentulism has increased in low- and middle-income coun-
tries due to sociodemographic factors, poor lifestyle habits and inferior quality of 
healthcare services. Complete dentures are one of the treatment modalities for 
edentulous patients [1] [2]. 

Impression making is an essential step in the fabrication of complete dentures. 
The success of complete dentures depends on selecting the impression materials, 
the accuracy of the impression and the impression technique. Impression mak-
ing in total edentulism is important, not only for denture retention and stability 
but also for the mucosa status, which should be maintained without any distor-
tions [3]. The oral cavity is a unique environment that promotes the formation, 
accumulation and deposition of biofilm on the surfaces of artificial prostheses. 
Prostheses with smooth surfaces are desirable to prevent plaque and calculus 
accumulation and to improve aesthetics [4] [5].  

Surface defects or irregularities may be caused by using an improper impres-
sion technique. Various techniques have been used to make complete denture 
impressions, including mucostatic, mucocompressive, selective pressure, func-
tional, and neutral zone impressions. Final impression materials for complete 
denture construction include the following: zinc oxide eugenol pastes (ZOE), 
elastomeric impression materials and tissue conditioners [6] [7]. 

A current survey showed that 97% of prosthodontists use ZOE as their ma-
terial of choice for final impressions. ZOE is mucostatic and easily adapts to the 
soft tissues due to its water-based system. It therefore provides detailed repro-
duction of the soft tissues without causing displacement. A major drawback of 
ZOE is that it becomes rigid after setting and therefore is not capable of record-
ing undercuts, which limits its application to non-undercut areas [3] [8]. 

In the last decade, many studies have suggested using newer elastomeric ma-
terials for final impressions to replace older and more traditional materials. The 
newer materials have better mechanical and physical properties [9]. 

Tissue conditioners (TCs) are considered an ideal functional impression ma-
terial and can be applied temporarily to the fitting surface of a denture to allow 
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for a more equal load distribution, thus permitting the mucosal tissues to return 
to their normal position.  

TC can also be applied to the fitting surface of an old denture where the pa-
tient is asked to wear the denture for a period of time up to 48 hrs, and then a 
stone cast is poured within the impression to construct new dentures [9] [10] 
[11] [12]. 

The major part of the denture is constructed outside of the mouth from a pre-
cise replica of the denture-bearing tissues called a cast. The cast is made from an 
impression of the edentulous mouth [13] [14] [15]. 

Dental technicians can perform a series of procedures on the model to con-
struct individualized dentures, cast crowns, or orthodontic appliances. The 
model must have an accurate and smooth surface. The surface roughness of 
models affects the surface roughness of the cast restorations; therefore, the fit or 
retention of the prosthesis may be affected [16]. 

The accuracy of master casts is dependent on numerous factors, including the 
water/powder ratio, vacuum versus hand mixing, and the type of dental stone 
and its compatibility with impression materials. The accuracy of the final pros-
thesis may be affected by factors such as the final impression technique and 
master cast production [17]. Accordingly, the purpose of the present study was 
to evaluate the effect of the functional impression technique with various im-
pression materials on the surface characteristic of the dental stone cast and to 
clinically evaluate their effects on the retention of complete dentures. 

2. Materials and Methods 

The present study was conducted in two parts: laboratory and clinical studies. 

2.1. Laboratory Study 

A total of 45 specimens of three impression materials/stone cast were considered 
to determine the surface roughness of the dental stone cast made from these im-
pression materials. The specimens for the impression materials/stone casts were 
divided into three equal groups (I, II, and III), with fifteen in each group. The 
impression materials used were tissue conditioner (TC) (group I) (Coe-Comfort, 
GC America, Inc, IL, USA), zinc oxide (group II) (ZOE) paste (Cavex Outline, 
Impression pste; Cavex Holland BV, Holland) and poly (vinyl siloxane) (PVS, 
Aquasil, Dentsply) impression material (group III). Cylindrical split aluminium 
moulds (50 mm length × 30 mm diameter) were fabricated. The metallic mould 
consists of a lower hollow ring (A) designed to receive the impression materials 
and an upper ring (B) adjusted to receive the stone mixture to ensure intimate 
contact at the impression material/cast interface (Figure 1). 

Each impression material was mixed according to the proportion indicated by 
the manufacturer. The mixture was poured into the cylindrical mould (A), and a 
glass slab was placed on top of the ring to ensure a smooth surface, while the 
material set. Then, the specimens were poured with dental stone type III (Golden,  
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Figure 1. Cylindrical mould, lower ring (A) for the impression material and upper ring 
(B) to receive the stone material and finally the stone mould. 
 
WhipMix Corporation) mixed in a water/powder ratio as recommended by the 
manufacturer. The mixing was performed mechanically under a vacuum for 15 
seconds. Then, the mixture was poured into the split mould (B) and placed on a 
vibrator. The mould was overfilled, covered with another glass slab and allowed 
to set in the air for 60 minutes. Then, the stone casts were separated from the 
impression materials. 

The specimens of group II and group III were stored in an incubator at 37˚C 
for 15 minutes, while tissue conditioner specimens were stored in a water bath in 
an incubator at 37˚C for 24 hrs. 

2.2. Surface Roughness Measurements 

The surface roughness (Ra, μm) of the stone cast specimens of the three groups 
(I, II, and III) was determined with a surface profilometer (SurftestSJ-201P, Mi-
tutoyo America Corporation). The stylus of the meter was passed across and 
perpendicular to the abraded surface of the specimen under constant pressure. 
Three measurements were obtained from different areas of each specimen, and 
then, the average of these readings of the surface roughness was calculated and 
expressed as Ra value, which is defined as the average vertical deviation along 
the surface of the specimen measured in micrometres (μm). 

2.3. Surface Analysis by Scanning Electron Microscope (SEM) 

SEM was analyzed to investigate the surface topography of stone cast specimens 
of the three groups (I, II, and III) using a scanning electron microscope (SEM: 
JSM-6360LA, JEOL, Tokyo, Japan). Specimens were prepared by sputter-coating 
with gold using a sputtering device (SPI sputter coater structure, probe USA) to 
obtain high-resolution electronic imaging, and the cross-sectional area was then 
examined at 500X magnification. 

2.4. Clinical Study 

Ethical considerations 
Ethical approval for the study was obtained from the Ethics Committee of 
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King Abdulaziz University. The conventional ethical considerations for con-
ducting research (preserving anonymity, ensuring confidentiality and obtaining 
informed consent) were complied with (Proposal No 057-17). At the beginning 
of the study, written informed consent was obtained. Study conducted from 
September 2017 until March 2018. 

Five completely edentulous male patients, aged 65 years old, married, low to 
middle income with severely resorbed mandibular alveolar ridges (Atwood’s or-
der V) [18] and edentulous maxillary arches were selected from the clinic of the 
Prosthodontic Department. The patients had several ill-fitting and unstable 
dentures that moved during swallowing and speech. They were healthy, free 
from any systemic disease with an acceptable level of oral hygiene. They were 
not subjected to chemotherapy or radiotherapy.  

At the beginning, each subject received three heat-cured acrylic resin dentures 
(Vertex RS Dentimex Netherlands), fabricated using the functional impression 
technique. The three dentures were identical except for different impression 
materials used in each group (I, II, and III). The retentive force of each denture 
for each subject was measured.  

2.5. Denture Fabrication (Functional Impression Technique) 

Primary impressions of both edentulous arches were made using irreversible 
hydrocolloid impression material. Custom trays were fabricated on the prelimi-
nary maxillary cast using visible light-cured resin (VLC, Tru Tray Sheet, 
Dentsply). Maxillary border moulding was performed using a low fusing com-
pound, and the final impression was made using zinc oxide eugenol paste im-
pression material. The maxillary cast of each patient was duplicated to obtain 
three more maxillary casts. Record bases were fabricated on the maxillary casts 
of each patient.  

On the primary mandibular cast, record bases with occlusal rims were fabri-
cated. Jaw relations were performed to record appropriate horizontal and vertic-
al dimensions.  

Denture group (I): The tissue conditioning material was applied on the tissue 
surface of the mandibular denture base, and the patient was asked to close the 
mouth in the pre-recorded vertical dimension and perform various functional 
movements, such as puffing, blowing, whistling, and smiling. The tissue condi-
tioner material was left intraorally for at least 24 hours before pouring a dental 
stone cast. Denture group (II): Zinc oxide eugenol paste impression material was 
applied on the tissue surface of the mandibular denture base using the closed 
mouth technique, and the patient was asked to perform various functional 
movements. Denture group (III): PVS impression material was used, and the 
same technique was followed. 

The final impression for each denture was poured with type III dental stone. 
Maxillary and mandibular occlusal rims were fabricated on the master casts, and 
jaw relations were recorded. Mounting was performed on a semi-adjustable ar-
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ticulator. Teeth arrangement and wax try-in were performed in the patient’s 
mouth. Flasking, processing, finishing and polishing of dentures were performed 
using conventional methods. The dentures were inserted into the patient’s 
mouth and assessed for retention stability, support and occlusion. 

2.6. Measurement of Retention Force 

The patient was seated in an upright position in the dental chair with the head 
resting firmly against the head rest. With self-cure acrylic resin, a metallic hook 
of the load cell of an electronic scale (Weiheng Electronic Scale. SelectechGua-
ngdond, China, Mainland) was secured in the polished mid-lingual surface of 
each mandibular denture, and the pull end of the digital force gauge device was 
connected to it. The retentive force was measured after wearing the denture 
(time of insertion) for 30 minute intervals between tests for each denture of the 
three groups. An upward pull was applied in the vertical direction and parallel to 
the path of insertion until the denture base was dislodged from the patient’s 
mouth, and the dislodgment force was recorded in Newton (N) for each patient 
(three readings for each patient with the three types of the mandibular dentures 
in group (I, II, and III) were recorded). The data were collected for statistical 
analysis. The results were evaluated, and the retention of mandibular dentures 
fabricated from the functional impression technique with various impression 
materials was compared. 

2.7. Statistical Analysis of the Data 

Data were analysed by two-way analysis of variance (ANOVA). Means and 
standard deviations were determined for each group. ANOVA with repeated 
measures (post hoc Tukey) was used to compare more than two groups. Signi-
ficance of the obtained results was judged at the 5% level.  

3. Results 

Table 1 presents the mean value of surface roughness of the stone cast surface 
made from the tissue conditioner of group I, which had the highest values (1.77 
± 0.08 μm), while group III had the lowest values (1.06 ± 0.08 μm), followed by 
group II (1.10 ± 0.05 μm). 

Data were subjected to two-way analysis of variance (ANOVA), which showed 
a significant difference among the three studied groups (F = 314.454) at the 5% 
level. 

According to statistical analysis using a post hoc Tukey test between groups, 
there was a significant difference in surface roughness between group I and II (P 
= 0.001) and between group I and group III (p2 = 0.001). No significant differ-
ences were observed between group II and group III. 

The mean force required to dislodge the dentures is shown in Table 1. The 
mean value of retention dislodging force of group I was 17.24 ± 1.19 N, of group 
II was 13.57 ± 2.27 N and of group III was 13.59 ± 1.91 N. The ANOVA test  
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Table 1. Comparison of the mean value of surface roughness (Ra, μm) of the stone cast 
surface and the retentive dislodging force (N) of mandibular dentures in the three studied 
groups. 

Surface roughness of stone cast (μm) 

Parameter 
  

 F P 
Group I Group II Group III 

Mean ± SD 1.77 ± 0.08 1.10 ± 0.05 1.06 ± 0.08 
314.454* <0.001* Sig. between 

groups 
p1 < 0.001*, p2 < 0.001*, p3 = 0.375 

The measurement of retention dislodging force 

Parameter Group I Group II Group III F P 

Mean ± SD. 17.24 ± 1.19 13.57 ± 2.27 13.59 ± 1.91 19.721* <0.001* 

Sig. between 
groups 

p1 < 0.001*, p2 < 0.001*, p3 = 1.000  

F and p values for ANOVA test; Sig. between groups was performed using a post hoc test (Tukey); *: Statis-
tically significant at p ≤ 0.05. 
 
showed that there was a significant difference in retention between the three 
studied groups (F = 19.721) at the 5% level, where group I showed the highest 
mean value of retention followed by group III, and group II showed the lowest 
mean value. 

A post hoc Tukey test was used for comparison between groups, and there 
was a significant difference in the retention between group I and II (P = 0.001) 
and between group I and group III (p2 = 0.001). No significant differences were 
observed between group II and group III. 

SEM Analysis 

The crystalline configuration of group III and group II (Figure 2(b) and Figure 
2(c)) showed prismatic crystals, regularly oriented, smooth in shape, densely 
packed without porosities, while group I (Figure 2(a)) showed a prismatic crys-
tal, less densely packed with porosities. 

4. Discussion 

Several impression materials are used in the prosthodontic clinic. Zinc oxide 
eugenol (ZOE) impression material may be selected due to its inherent accuracy 
and propensity to distribute pressure equally. ZOE is mucostatic and provides 
detailed reproduction of the soft tissues without causing displacement of the soft 
tissues, but its application is limited to non-undercut areas [13] [19]. ZOE has a 
high flow property that facilitates a speedy reaction due to rosin constitution. 
PVS impression material may be selected due to its detailed reproduction, high 
dimensional stability, ease of handling, high elastic recovery [3] [20] [21] and its 
ability to construct multiple casts from an impression [13] [22] [23]. 

Tissue conditioner is used as a functional impression due to its rheological  

https://doi.org/10.4236/ojst.2018.87024


M. R. Alammari 
 

 

DOI: 10.4236/ojst.2018.87024 265 Open Journal of Stomatology 
 

 
(a) 

 
(b) 

 
(c) 

Figure 2. (a, b, c): The stone cast specimens were observed under SEM at 500X magnifi-
cation. (a) Group I; (b) Group II; (c) Group III. 

PVC  x 500

Zinc oxide x 500

Tissue conditioner x500
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properties, dimensional stability, ability to reproduce details and undercuts, du-
rability and compatibility with dental stone [13]. 

The surface roughness of dental materials was investigated in the present 
study as this characteristic affects surface free energy and the rough surfaces of 
dental materials cause a high surface free energy resulting in more microbial 
plaque formation. Thus, surface roughness of dental prosthetic materials is im-
portant because these materials are in contact with oral tissues, the most critical 
area of the oral environment, and the materials are related to the long-term clin-
ical performance. The smooth surfaces of dental materials may cause easy sur-
face cleaning and less microbial accumulation. Surface roughness measures the 
irregularities present on the dental stone cast and provides information on the 
morphology of the surface, such as a porous or textured surface, and is measured 
using a scanning electron microscope (SEM) [20] [21] [24] [25] [26]. 

Our results revealed that the mean surface roughness of group I using a tissue 
conditioner left for 24 hrs was increased, which might be related to changes in 
the quality of the surface moulds due to a loss of a plasticizer and ethyl alcohol 
and water absorption. The loss of these soluble materials (ethanol and plasticiz-
er) increases the number of tiny bubbles on the mould surface and, subsequent-
ly, the casts [27] [28] [29]. This result was supported by SEM images of surface 
roughness of the stone cast. 

The mean values of surface roughness of the stone cast of group III were the 
lowest. This result may be due to the use of PVS, which is hydrophilic due to ex-
trinsic additions that improve oral tissue and gypsum wettability when the im-
pression and cast pouring are performed. A surface characteristic evaluation of 
the present study confirmed by SEM revealed no voids or bubbles on the stone 
cast surface [6] [15] [28] [30]. 

The functional impression technique was recommended in this study over the 
conventional impression technique, which results in a distorted impression. The 
functional technique is preferable for a severely resorbed alveolar ridge as it is 
difficult to obtain good retention and stability of complete dentures, and the 
presence of muscular activity due to muscular insertion near the crest of the 
ridge induces displacement of the denture. Drago concluded that a mandibular 
denture base constructed from the closed mouth technique was more retentive 
than the open mouth technique. The closed-mouth technique saves time and has 
a lower chance of under or overextension of movement preferred by the patient 
as the pressure applied by the patient during the impression is the same as the 
pressure applied while occluded [14] [31]. 

The tissue conditioner materials were left intraorally for at least 24 hours be-
fore pouring a dental stone cast to make an accurate impression and avoid dis-
tortion of the impression surface caused by insufficient elastic recovery of the 
materials [32]. 

Our results revealed that the highest mean value of retention was obtained 
with group I and group III. These results may be due to the nature of these im-
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pression materials as they have viscoelastic properties, offering high elastic re-
covery, flexibility on removal of the impression from the mouth and can with-
stand various stresses upon removal from tissue undercuts while maintaining 
dimensional stability and integrity. Additionally, their consistency and longer 
setting time enable the operator to perform functional movements while taking 
impressions [33] [34]. 

The hydrophilic properties of the PVS impression reduced marginal voids and 
distortion in the impressions and improved the quality of gypsum dies [35]. 

There was a significantly increased retention in group I compared to group III 
and group II, which may be due to a rough or porous surface that encourages sa-
liva droplets to become entrapped in these pores. Porous surface may cause a 
mechanical irritation of the underlying soft tissues and adherence of microbes to 
the fitting surface. Therefore, it is advisable to ensure a smooth surface and 
stress the importance of oral and denture hygiene for the patients [36] [37] [38].  

5. Conclusion 

Based on the laboratory and clinical results obtained from this study, it can be 
concluded that success of complete dentures principally depends on exactness of 
impression and the functional impression technique is necessary to achieve re-
tention in complete denture for geriatric patients who had severely resorbed and 
deformed ridges. Measuring surface roughness values is required to evaluate the 
surface quality of this impression technique of the various impression materials 
and their influence on the dental stone cast. Complete dentures made using 
functional impression technique with PVC as a final impression material are 
more comfortable, retentive and stable. 
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