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Abstract
Background. Different techniques and impression materials are employed in the process of fabricating 
complete denture (CD) bases.

Objectives. The aim of this study was to determine differences in the denture base retention for acrylic 
maxillary CDs when using 2 different techniques and impression materials. Specifically, the green stick 
compound impression material was used for the sectional border molding technique and this was com-
pared to using the addition vinyl silicone impression material with the single-step technique. 

Material and methods. A  crossover study was conducted on 10 participants who were completely 
edentulous in the upper arch (6 men and 4 women), aged 43–70 years. The participants’ trays were split 
into 2 treatment groups: the P-group; and the Z-group. Addition vinyl silicone was used for single-step 
border molding in the P-group, followed by light-body final-wash impression. For the Z-group, the green 
stick compound was used for sectional border molding, followed by a  final wash using a  zinc oxide- 
eugenol material.To quantify the retention force of  the denture base in kilograms-force, a  digital force 
gauge was used.

Results. The measurements indicated significantly higher mean retention values (p  =  0.000) in the 
P-group (4.02 ±1.66 kgf) as compared to the Z-group (1.48 ±0.90 kgf).

Conclusions. The results suggest the superiority of using the single-step border molding technique in  
the upper arch with the addition vinyl silicone material owing to the enhanced base retention of  the acrylic  
denture base.
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Introduction 
Dental disease is a condition that continues to heavily  

affect the older portion of  the population; it is likely  
to cause such individuals to lose most of  their natural 
teeth.1 This condition can lead to complete edentulism, 
brought about by the loss of  the individual’s entire set 
of original teeth along with the resorption of the alveo
lar bone. The impact of such a loss is immense – it in
fluences chewing, phonation and other stomatognathic 
functions, at the same time resulting in adverse social 
consequences. Furthermore, from a clinical standpoint, 
one systematic review which assessed the association 
between oral function and dentition determined that the 
possession of  less than 20 teeth, of which 9 or 10 pairs 
are in contact, is linked to a diminished masticatory abi
lity and efficiency.2

One of the main aims of prosthetic dentistry is to im
prove the performance of removable prostheses in terms 
of their retention, stability and denture support.3 This can 
be achieved through the use of  individual trays and im
pression materials of a higher accuracy, as recommended 
in various studies.4,5 Making impressions is one of  the 
most significant stages of  denture fabrication. Boucher 
laid out 5 primary objectives of  complete denture (CD) 
impressions: retention; stability; support; esthetic value; 
and the preservation of the alveolar ridge.6 In CD prosth
odontics, the accuracy of  the final impression stage is 
of crucial importance in obtaining a CD. It involves an ini
tial step of determining the vestibule with the use of the 
border molding technique, and then making the impres
sion of the target edentulous arch.7

One can describe border molding as “the shaping 
of impression material along the border areas of an im
pression tray by functional or manual manipulation 
of  the soft tissue adjacent to the borders to duplicate 
the contour and size of  the vestibule”.8[p.e17] It can also 
be described as the means of establishing the prosthesis 
extension through manual or functional tissue control, 
leading to shaping the border region of the material used 
in an impression.8

When utilising a  lowfusing impression compound, 
one study estimated that 17 insertions by several den
tists would be needed to perform border molding in the 
same patient.9 Although the produced impressions were 
of  high precision, the use of  a  lowfusing impression 
compound in border molding was timeconsuming and 
laborious, particularly for new students. It is preferable 
that the chosen border molding material should be one 
that establishes contact with the whole vestibular sulcus 
area in its plastic state, and in a single insertion.9 A mate
rial that enables the synchronized molding of all borders 
provides the following benefits: fewer insertions of trays 
for border molding are needed; and the concurrent for
mation of all borders prevents faults in one section from 
impacting the contours in another section.10

When employing the sectional technique, the material 
of choice is a lowfusing impression compound.11 On the 
other hand, polyether with the addition of silicone of var
ious viscosity is used in the singlestep border molding 
technique.12,13 When evaluated using the OHIPEdent 
(Oral Health Impact Profile for edentulous patients) scale, 
which assesses the quality of  dentures and the mastica
tory ability, the use of  the conventional technique (with 
a lowfusing material) for forming dental prostheses does 
not provide as satisfactory results in terms of clinical per
formance as the more streamlined technique (using sili
cone). Furthermore, the adjustment time is not any longer  
in the case of  the streamlined technique; rather, the in
volved time and financial cost are decreased in compari
son with the conventional technique. This makes the 
streamlined technique ideal for the formation of CDs.14 
The streamlined technique involves the use of silicone in 
place of a lowfusing compound, and the advent of a sili
cone elastomer constitutes significant development in the 
formation of  denture impressions.15 Silicone is not only 
easy to mold, but it also offers high levels of precision and 
dimensional stability. As a substitute for a lowfusing com
pound, heavybody putty silicone is frequently selected  
for border molding, as it is both viscous and kneadable, 
has a  homogenous texture, and is slowsetting. Thus, it 
allows the silicone to be kneaded along the entire border 
of a tray and to be formed in one attempt.13

The aim of  this study was to compare the use of  the 
green stick compound as a  lowfusing material together 
with zinc oxideeugenol impression paste with the use 
of  addition silicone (polyvinyl siloxane) and lightbody 
addition silicone to determine the retention of the acrylic 
complete upper denture base.

Material and methods
Ten completely edentulous participants were randomly 

selected for the study. All the participants had visited the 
clinic for prosthodontic restoration through new upper 
CDs. The exclusion criteria comprised a  fibrous ridge, 
ridge resorption, tissue undercut, bony exostoses, and 
tori. The ethical standards outlined in the 1964 Decla
ration of  Helsinki were followed for all methodologies 
that involved human subjects (approval No. PD/1666/1).  
All participants were fully informed about all the methodo
logies used in the study, and consent was attained from all 
participants following their approval.

A suitable stock tray was chosen together with the red 
thermoplastic compound impression material (Hoffmann 
Dental Manufaktur GmbH, Berlin, Germany) for the for
mation of the primary impressions of the upper arch. The 
primary impressions were then poured with dental plaster 
for the formation of the primary casts. These primary casts 
allowed for the subsequent formation of a custom impres
sion tray for each patient using lightcured acrylic resin.  
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The trays of  the participants were split into 2 groups 
based on the material used for the final impression. The 
Pgroup had border moldings formed of the addition vinyl 
silicone impression material (Bisico Bielefelder Dentalsili
cone GmbH & Co. KG, Bielefeld, Germany) with the final 
impressions made with a  lightbody material cartridge 
(Aquasil® Ultra Smart Wetting® Impression Material;  
Dentsply Sirona, York, USA) (Fig. 1A,1B). The Zgroup had 
border moldings formed of the green stick compound im
pression material (Hoffmann Dental Manufaktur GmbH)  
with a  zinc oxideeugenol material (SS White® Impres
sion Paste; Prima Dental Group, Gloucester, UK) used for 
the final impressions (Fig. 1C,1D). All materials were used 
as outlined in the manufacturers’ guidelines. The border 
of the denture base was properly shaped, as it was placed 
in the mouth and molded in accordance with the lip and 
cheek muscles for each participant.

A master cast was generated by pouring all impressions 
with type III dental stone (Elite Rock®/sandy brown; 
Zhermack S.p.A., Badia Polesino, Italy). An orthodontic 
selfcuring acrylic resin material (Orthocryl®; DENTAU
RUM GmbH & Co. KG, Ispringen, Germany) was used 
for the acrylic denture base of  each master cast. Next, 
a 0.9gauge, stainless steel Ushaped wire was embedded 
inside the acrylic denture base material at the palatal ru
gae area, at the anterior end of  the acrylic (Fig. 2). The 
master cast was then cured for 20 min in the Ivomat® cur
ing machine (MAJOR MINI 2000; Ivoclar Vivadent S.r.l.,  
Casalecchio di Reno, Italy) containing water heated to 
40–46°C with the pressure maintained at 30 psi, as out
lined in the manufacturer’s instructions. Two denture 
bases – one for each border molding and impression 
group – were formed for each participant. The partici
pants were then seated upright with their head secured 
onto a  head rest prior to the insertion of  the denture 
base into their mouth. The retention force of each den
ture base was measured in kilogramsforce (kgf ) using 

a  specifically designed digital force gauge. To link the 
Ushaped loop in the denture base with the force gauge, 
a hook was used between them (Fig. 3). Next, downward 
pulling force was applied to each denture until it was dis
placed from the mouth (Fig. 4). This step was repeated 
4 additional times for a total of 5 runs. To eliminate the 
bias caused by variations in the technique, all clinical and 
laboratory procedures were carried out by the same in
dividual.

The IBM SPSS Statistics for Windows software, v. 20 
(IBM Corp., Armonk, USA) was used to analyze all the 
generated data. To assess the degree of normality of the 
data, the Shapiro–Wilk test was used. This was followed 
by the analysis of the demographic data (age and gender) 
for differences using the χ2 test, with a pvalue of <0.05 
indicating statistical significance. Finally, the difference 
between the mean values obtained for the quantified re
tention force for each treatment group was analyzed using  
the Mann–Whitney test, with a pvalue of <0.05 indicating  
statistical significance.

Fig. 1. Final impression using the addition vinyl silicone material and 
a light-body final impression material with the single-step technique (A,B), 
and using the green stick compound material and zinc oxide-eugenol 
paste with the sectional technique (C,D)

Fig. 2. Stainless steel U-shaped wire embedded inside the self-cured 
acrylic resin material at the palatal rugae area in the anterior palate

Fig. 3. Digital force gauge used to measure the retention force of the 
denture base in kilograms-force
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Discussion
The CD retention, stability and occlusal vertical dimen

sion are all important, since inadequate retention and 
stability may significantly affect chewing, and may sub
sequently increase the patient’s complaints.16 Despite the 
fact that CD patients adapt well to their dentures in the 
mouth after some time of usage,17 it is important to obtain 
a CD with good retention by ensuring the close adapta
tion of the denture base to the mucosal bearing tissues.18

The CD retention may be influenced by various physical 
factors, including the denture and the mucosa adhesion, 
saliva cohesion, salivary consistency, and salivary flow.19 
Furthermore, the type of  impression material used and 
the selected border molding technique both highly im
pact the retention force of a CD.

Materials frequently used as impression materials are 
polyethers, polysulfides, hydrocolloids, and addition 
silicones. Based on the indications of  the manufacturer, 
several of  these materials are packaged in cartridges for 
ease of  automixing, which consequently decreases the 
consumption of time. Moreover, such packaging reduces  
waste and ensures that the material is free of  bubbles 
when mixed, thereby enhancing the precision of casts. It 
also decreases the required effort and manipulation time, 
which is especially beneficial to new students, who may 
be working with the elderly – as is typically the case when 
rehabilitating CD patients.9 Formerly, zinc oxideeugenol 
impression paste, impression plaster and impression com
pound material were the materials most commonly used. 
They were not only challenging with respect to manipula
tion, but they would usually alter or fracture if withdrawn 
from a deep undercut.20 Considering that the age of the 
participants in this study was between 43 and 70 years, 
then based on the findings, there should be a review of the 
daily clinical use of zinc oxide as a final impression mate
rial, following the green stick compound for the forma
tion of CD impressions. The findings indicate that there is 
a significant advantage of changing to the new technique 
using addition vinyl silicon for border molding, followed 
by a lightbody material for final impressions employing 
the singlestep technique. This would help to alleviate the 
patient’s burden and reduce the time spent in the clinic.

Another noteworthy point is the impact of gender on 
the CD retention, as women are reported to show greater 
degrees of resorption than men.21 In the case of women, 

Results
This study used a crossover clinical design to quan

tify the retention force for each participant’s denture 
base when using 2 types of  impression materials and 
2  different border molding methods. Six men and 
4 women (N = 10), aged 43–70 years, took part in the 
study. The analysis of age and gender indicated no sig
nificant differences between the participants for these 
variables. The mean values (kgf ) of  the measured re
tention force with regard to the treatment groups and 
particular patients are illustrated in Fig.  5. Table  1 
lists the mean values (kgf ) of the quantified retention 
force for each treatment group. The data indicates 
that the retention values for the Pgroup – with addi
tion vinyl silicon impression border molding material 
with a lightbody final impression – were significantly 
greater than those for the Zgroup, with green stick 
impression compound material for border molding 
with a zinc oxideeugenol final impression.

Fig. 5. Mean values of the measured retention force with regard to the 
treatment groups and particular patients

Table 1. Comparison of the mean values of the measured retention force 
with regard to the treatment groups

Treatment group N Retention force  
[kgf ] p-value

P-group 10 4.02 ±1.66
0.000*

Z-group 10 1.48 ±0.90

* statistically significant (p < 0.05); Mann–Whitney test.

Fig. 4. Pulling force applied downward until the denture was displaced
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the growth and development of  osteoclasts take more 
time as a result of a deficiency in estrogen levels; this, in 
turn, leads to increased bone resorption, which places 
female patients at a  higher risk of  more extensive ridge 
resorption.22 The finding of this study, however, was not 
statistically significant with respect to the difference be
tween genders, although only 4 women were included in 
the study. Our results are further supported by research 
conducted by Khuder et al., who determined that no as
sociation existed between advanced bone resorption and 
the patients’ age and gender.23

In the present study, the mean retention force for the 
denture base material on insertion was decreased when the 
green stick for border molding and a zinc oxide material 
for the final impression were used. The observed mean re
tention values were significantly greater when the addition 
vinyl silicon border molding material and a lightbody final 
impression material were employed. The findings of  this 
study are supported by the research of Pachar et al., where 
the green stick compound with lightbody final impres
sions yielded the lowest mean CD retention value.19 That 
said, in that study, the mean retention value for green stick 
border molding was greater than the value attained in this 
study, with 4.59 kgf in the former compared to 1.48 kgf in 
the latter. This discrepancy can be explained by the varia
tion in the final impression material used in the 2 studies; 
Pachar  et  al.19 used lightbody addition silicone and this 
study used a zincoxide impression material. These findings 
are also supported by a study performed by Gupta et al.,24 
who reported retention values for the green stick material 
of 1.50 kgf, which is in keeping with the results of this study 
(1.48 kgf). In contrast, their result attained for lightbody  
polyvinyl siloxane used as an impression material was lower  
(1.95 kgf) than that attained in this study (4.02 kgf). This 
discrepancy, however, could be attributed to the use of dif
ferent border molding materials, with heavybody addition 
silicone (putty) used in Gupta et al.’s study24 and addition 
vinyl silicone used in this study.

Another study, conducted by Tasleem  et  al., reported 
contrasting findings, where 2 groups of  edentulous pa
tients were only found to differ in the time taken to com
plete the impression technique; no significant differences 
were noted with respect to the border molding material 
employed.25 However, the clinical significance of the find
ings of  Tasleem  et  al. is questionable, as although their 
study was a crosssectional study, it was based on a ques
tionnaire and the assessment of  the retention force was 
dependent on the patients’ perspective.25

The findings of  the present study also contradict those 
of Qanungo et al., who determined that the sectional tech
nique was more retentive than the singlestep border mold
ing technique.26 Again, this discrepancy may be attributed 
to the nature of the impression material used. In their study, 
irreversible hydrocolloid was used as the primary impres
sion material, whereas in the present study, an impression 
compound was used as the primary impression material.

Finally, only 1 form of  polyvinyl siloxane impression 
material was assessed in this study, even though various 
different forms are available on the market. This is due to 
a high cost of polyvinyl siloxane materials. This study did 
not evaluate the time involved in completing the impres
sion procedure. Furthermore, the study did not consider 
the retention force of the denture base for the lower arch. 
Our study concentrated solely on assessing the denture 
base retention force for the upper arch, so further re
search is proposed for assessing these other factors.

Conclusions
After taking into account the limitations of this study, it 

was concluded that the use of the addition vinyl silicone 
material together with a lightbody final impression ma
terial and the singlestep technique resulted in superior 
retention in the acrylic denture base over the denture base 
formed with the use of the green stick and zincoxide eu
genol as the final impression material using the sectional 
technique.
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