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Abstract

Background: The aim of this study was to investigate the effects of different practical training models on the
comprehension and evaluation of practical training among dental students.

Methods: The study subjects were all sixth-year dental students at our institute, and the study took place over three
consecutive years (n = 58, 63, and 65, respectively). In practical training, all students learned border molding, and
practical models were modified each year from plaster models to silicone models and then to silicone models mounted
in mannequins. Immediately after completing clinical training, all students were asked to complete questionnaires
consisting of 21 items regarding their overall practical training and their clinical comprehension of border molding. All
items were rated on a five-point Likert scale, and in order to reduce the large number of interrelated questions,
exploratory factor analysis was carried out using maximum likelihood estimation with promax rotation (κ = 4)
and Kaiser normalization. The number of factors was chosen using the Kaiser-Guttman rule, which states that
the eigenvalue should be larger than 1, and the scree plot criteria. Items that scored less than 0.25 in communality and
exhibited factor loading greater than 0.35 for more than one item were excluded. The defined factors were analyzed
for the plaster models, the silicone models alone, and the silicone models with mannequins using the Kruskal-Wallis
test and follow-up tests using Bonferroni-corrected Mann-Whitney U tests. The significance level was set at p < 0.05.

Results: Exploratory factor analysis identified the following three factors: “knowledge of border molding”; “contents of
practical training”; and “personal learning attitude”. The students who used silicone models and mannequins gave
significantly better evaluations on the “knowledge of border molding” (p < 0.001, both) and “contents of practical training”
(p = 0.046, p < 0.001, respectively) subscales than those who used plaster models. No significant differences were
observed between those who used silicone models and those who used mannequins. Moreover, no significant differences
were found on the “personal learning attitude” subscale among students for any model.

Conclusions: The change in practical training models from plaster to silicone improved student evaluations of border
molding training.
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Background
Although Japan has rapidly become a super-aged society,
with more than one-fourth (26.8%) of the total popula-
tion aged 65 years or older [1], a survey of dental dis-
eases conducted in Japan in 2011 reported a decrease in
the number of edentulous patients and complete denture
wearers [2]. While the results of the next survey will not
be reported until 2017, this trend is expected to continue.
This decrease has also been observed in other industrial-
ized countries, and now that treatment for edentulous pa-
tients requires higher levels of expertise and technical
skills than ever before, it is increasingly difficult for gen-
eral dentists to fabricate complete dentures [3].
One of the most important steps of denture fabrica-

tion is impression taking. Boucher reported that the pri-
mary objectives of complete denture impressions were
as follows: 1) retention; 2) stability; 3) support; 4) es-
thetic value; and 5) preservation of the alveolar ridge [4].
In other words, impression taking is an integral compo-
nent of complete dentures. Therefore, the accuracy of
the impression greatly affects the quality of the dentures
and the level of patient satisfaction [5, 6]. Although
complete dentures have been described as having a fun-
damental form based on anatomy [7], a substantial part
of the complete denture border is due to its location in
the area of the mucobuccal fold. In the case of mandibu-
lar dentures, the border must be located beyond the
point of muscle attachment, which complicates the
border molding procedure for general dentists [8].
Dental compounds are useful for defining this unclear
border, but dentists must learn this technique through
practical experience, and the opportunities to do so
are limited.
The dental curriculum for complete denture prostho-

dontics at Tokyo Medical and Dental University (TMDU)
consists of lectures and practical training in the fourth
year and clinical training in the fifth and sixth years. As
part of practical training, students practice border mold-
ing in the practice room. Previously, students used plaster
models to pattern impression material (Impression
Compound, Kerr Corp., Orange, CA, USA) in custom
impression trays. Students learning border molding
should replicate clinical conditions as closely as pos-
sible during practical training in order to improve
their skills [9]; however, the operation of the plaster
model in the practice room is quite different from
that actually experienced in the clinical setting. Therefore,
the objective of this study was to gain familiarity with
the actual materials used in border molding, not the
technique itself.
Silicone models (G10-X1231A, Nissin Dental Products

Inc., Kyoto, Japan) have been used in practical training
since 2009. Silicone models have elastic qualities, high
edges, and simulated tongues, and they are therefore

more similar to the oral mucosa than plaster models. In
2010, all dental students were provided with manne-
quins (Phantom DR-11, J. Morita Mfg. Corp., Kyoto,
Japan) in which silicone models could be placed; this
allowed better replication of clinical conditions than
working with a silicone model alone.
In order to promote further improvements in training

content and enhance learning efficiency, the learning ef-
fects of silicone training models for border molding were
investigated from the perspective of dental students.

Methods
Summary of practical training
Border molding training for mandibular dentures is part
of the practical training carried out in the fourth year for
dental students at TMDU. During training, each student
prepares a custom impression tray made of autopoly-
merizing acrylic resin. Through 2008, students first ap-
plied petroleum jelly on the surface of plaster models,
heated the impression materials onto the border of the
trays, placed them briefly in warm water, and then
placed the trays on the models. Thereafter, the students
used their fingers to apply direct pressure to the com-
pound and mold the model form.
After silicone models were introduced in 2009, stu-

dents in practical training added the compound to the
trays and placed them on the models, similar to the
technique used for plaster models. They then applied
pressure to the edges of the silicone models. The silicone
models have artificial tongues and longer edges, which
allow students to apply varying degrees of pressure to
bend the model in the manner required.
In 2010, the silicone models were attached to the man-

nequins, but the technique used to mold the borders
remained the same. However, the mannequins had open-
ings for the mouth, a limited handling direction, and an
adjustable height and head angle, which allowed stu-
dents to mold the borders in a standing position, which
is more consistent with actual clinical conditions.
Students were given guidance by instructors throughout
the training, and border molding was considered to be
complete when the custom trays were completely filled
with material (Fig. 1).

Questionnaire protocol
The participants in this study were sixth-year dental stu-
dents between 2010 and 2012. The practical models
were plaster models in 2010, silicone models in 2011,
and silicone models mounted in mannequins in 2012.
All students were asked to complete an anonymous
questionnaire immediately after completion of their clin-
ical training. The questionnaire was composed of 21
items: 10 of these items related to their clinical compre-
hension of border molding, and the remaining 11 related
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to evaluations of the overall practical training. All items
were rated on a five-point Likert scale (Additional file 1).
This study was carried out with the approval of the

Ethics Committee of the Faculty of Dentistry at TMDU
(registration number: 915) following their review of the
questionnaire; the Committee confirmed that the results
could be used without the students’ consent.

Analysis
Students rated all items related to their comprehension
of border molding and their level of satisfaction with

the overall practical training on a five-point Likert
scale as follows: 5 = “yes, definitely”; 4 = “I think so”;
3 = “no opinion”; 2 = “I don’t think so”; and 1 = “no,
definitely not”. The mean scores for each year were
then calculated.
In order to reduce the large number of interrelated

questions to a smaller number of underlying common
factors, exploratory factor analysis was carried out using
maximum likelihood estimation with promax rotation
(κ = 4) and Kaiser normalization. The number of factors
was chosen using the Kaiser-Guttman rule, which states

Fig. 1 Border molding training schema: (a) plaster model, press the compound directly with fingers; (b) silicone model, press the edges of the silicone
model; and (c) mannequin with silicone model, use in the same manner as the silicone model
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that the eigenvalue should be larger than 1, and the
scree plot criteria. Items that scored less than 0.25 in
communality and exhibited factor loading greater than
0.35 for more than one item were excluded.
The internal consistency of the subscales was assessed

using Cronbach’s alpha coefficient. The defined factors
were analyzed for the plaster models, the silicone models
alone, and the silicone models with mannequins using
the Kruskal-Wallis test and follow-up tests using Bonfer-
roni-corrected Mann-Whitney U tests. The signifi-
cance level was set at p < 0.05. All statistical analyses
were performed using SPSS software (version 8.0;
IBM SPSS PASW Statistics Base 17.0; IBM Japan,
Tokyo, Japan).

Results
The response rates were 48.3% (28 students) with plaster
models, 82.5% (52 students) with silicone models, and
92.3% (60 students) with mannequins (Table 1), and the
questionnaire results were shown in Additional file 2.
As shown in Table 2, exploratory factor analysis identi-

fied three factors. Five questions (“Did you understand
the technique for border molding on the labial side?”;
“Did you understand the anatomic locations?”; “Are im-
portant matters adequately emphasized?”; “Did you
understand the technical steps?”; and “Were you moti-
vated for clinical training?”) were excluded from analysis
because of insufficient factor loading. The Kaiser-Meyer-
Olkin measure was 0.846, and Bartlett’s test of sphericity
showed a significant difference between variables (p <
0.001). These results validated the application of ex-
ploratory factor analysis. In addition, the validity of the
three factors was confirmed by the Kaiser-Guttman rule
and the scree plot criteria.
The first factor, consisting of eight items, showed high

factor loading for items specific to the molding tech-
nique, such as “Did you understand the method for
border molding on the buccal side?”. Therefore, this was
termed the “knowledge of border molding” factor. The
second factor, consisting of five items, showed high fac-
tor loading for items specific to the practical environ-
ment, such as “Is practical training well-organized?”.
Therefore, this was termed the “contents of practical
training” factor. The third factor, consisting of three
items, showed high factor loading for items specific to

the students’ attitudes, such as “Did you find proper lit-
erature or references?”, and was therefore termed the
“personal learning attitude” factor.
As shown in Table 2, a weak positive correlation was

observed between “knowledge of border molding” and
“contents of practical training”. Medium positive corre-
lations were observed between “knowledge of border
molding” and “personal learning attitude”, and between
“contents of practical training” and “personal learning
attitude”. The internal consistencies of the three sub-
scales were good because Cronbach’s alpha coefficients
were greater than 0.8.
When comparing the three student groups on the

“knowledge of border molding” subscales, the students
using silicone models and those using mannequins pro-
vided significantly better evaluations than those using
plaster models (p < 0.001, both), and on the “contents of
practical training” subscales, the students using silicone
models and those using mannequins provided signifi-
cantly better evaluations than those using plaster
models (p = 0.046, p < 0.001, respectively). However,
no significant differences were observed between
those using silicone models and those using manne-
quins. In addition, no significant differences were
found among the three groups on the “personal learn-
ing attitude” subscale (Table 3).

Discussion
Although the current method for border molding is very
popular, the practical environment varies among coun-
tries and dental schools. According to the previous stud-
ies in the United Kingdom [3, 10, 11], students have
limited opportunities to fabricate complete dentures due
to decreasing lecture times and declining numbers of
edentulous patients. Instead, they are forced to make
copy or repair dentures [12, 13]. Although this is also re-
quired knowledge, it is not fundamental knowledge. In
the United States, many dental schools and postgraduate
curricula continue to use custom tray impressions with
silicone after border molding with dental compound
[14–16]. While some studies suggest that using dental
compounds requires advanced skills, others suggest that
adequate training can be achieved through the treatment
of several cases [9, 16]. It is true that patients exhibit dif-
ferent denture shapes and muscle activation patterns,
and dentists should familiarize themselves with these
differences through clinical experience. However, as was
mentioned by Swenson [7], complete dentures do have a
basic form, and skills cannot be applied without mastery
of the fundamentals. As the number of patients con-
tinues to decline, practice with models can provide a
proper foundation for students’ clinical skills.
Many studies have investigated the effect of denture

impression method. As discussed in a review [17], a few

Table 1 Number of students and mean scores for the
questionnaire items

Responses/total (response rate) Mean score

Plaster model 28/58 (48.3%) 3.573

Silicone model 52/63 (82.5%) 3.941

Mannequin 60/65 (92.3%) 4.017
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studies with high-quality evidence indicated that the
simplified impression method (single alginate impres-
sion) showed better results than the conventional im-
pression method (preliminary and final impression),
primarily in cost and time [18–22]. However, the high-
quality papers such as those mentioned above came
from only four research groups. There are a few who ad-
vocate the necessity of the two-step impression method
[23]. Whichever method is chosen, additional research is

needed. In many countries, dentists take impressions
using border molding, which alludes to the fact that
border molding is valuable for the treatment of edentu-
lous patients.
This study did have some limitations. The response

rate for plaster models was quite low, at 48.3%, and it
was likely influenced by the time of collection. In
addition, the reliability of the results is low, since the
questionnaire was only conducted with students from
one dental school. However, the histograms of the three
student groups showed the same frequency distribution
and had the same median with the highest frequency;
therefore, the samples were considered valid for statis-
tical analysis. However, the results of this study should
not be over-generalized, since high external validity is
not likely with just one study. Therefore, the external
validity of this field will increase as many researchers
complement each other.
The three factors extracted in this study were matched

with the factors in the planning phase. Cronbach’s
alpha coefficients were greater than 0.8, indicating the

Table 2 Results of exploratory factor analysis with each item divided into three factors

Factor

Items 1 2 3

5. Did you understand the method for border molding at the buccal side? .957 .029 −.087

7. Did you understand the method for border molding at the lingual side? .953 −.095 .010

4. Did you understand the method for border molding at the retromolar pad? .821 .077 −.053

3. Did you understand how to adjust the custom trays? .649 .113 −.039

9. Did you understand the mobility of mucosa? .643 −.292 .134

1. Did you understand how to use the impression material? .588 .061 −.080

8. Did you understand the image of the denture shapes? .449 .058 .231

2. Did you understand how to use the alcohol torch? .446 .129 .117

19. Is practical training well organized? −.113 .794 −.052

13. Did you understand the instructions of the teacher? .083 .738 −.094

21. Do you value practical training overall? .161 .645 .046

20. Is practical training easily comprehensible? −.004 .606 .106

12. Was the level of practical training appropriate for students? −.059 .538 .140

15. Did you find proper literature and references? .061 −.081 .840

14. Did you prepare for or review practical training? −.027 .032 .785

16. Are you satisfied with what you have learned? −.046 .168 .652

Interfactor correlation

1 – .339 .459

2 – .449

3 –

Percent of variance explained 33.309 13.669 6.813

Cronbach’s alpha .893 .800 .818

Mean 3.700 4.390 3.380

SD .991 .748 1.040

SD standard deviation

Table 3 Results of multiple comparisons with each factor analyzed
for the three model types

Plaster model Silicone model Mannequin

Knowledge of border
molding

3.18 ± 1.14b 3.84 ± 0.98a 3.83 ± 0.83a

Contents of practical
training

4.19 ± 0.80b 4.38 ± 0.74a 4.50 ± 0.71a

Personal learning
attitude

3.26 ± 1.02a 3.28 ± 1.13a 3.53 ± 0.95a

Data are expressed as means ± standard deviation. Different lowercase letters
indicate significant differences among three model types considering each line
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high credibility of the results. Moreover, intermediate
correlations were observed between two of the three
factors, indicating the adequacy of the exploratory
factor analysis.
Students’ self-evaluations for “knowledge of border

molding” were higher for silicone than for plaster
models, and for mannequins than for plaster models. In
silicone models, the edges are pressed to form the
border indirectly, whereas in mannequins, the structures
on the model resembling the lips or buccal mucosa hin-
der border molding. However, this is not the case with
plaster models. Therefore, silicone models and manne-
quins are more suitable than plaster models for border
molding practice. Furthermore, the change from silicone
models to mannequins did not affect the students’ self-
evaluations, indicating that the limitations created by
mannequins did not have a drastic effect on evaluations
compared with the change from plaster to silicone
models. In addition, the evaluations for the silicone
models and mannequins might have been too high to
allow any differences to be seen.
The “contents of practical training” was also signifi-

cantly affected by the change in models, especially from
plaster models to mannequins. Many dental schools in
the Unites States have used mannequins for more than
10 years, but their specifications and the effects of their
use remain unclear [24]. Mannequins have been used to
take 73.7% and 57.9% of all primary and final impres-
sions, respectively, in Spain and Portugal [25]. It there-
fore seems that the use of mannequins has not achieved
a high degree of legitimacy. Mannequins are effective for
bridging the gap between the laboratory and clinical set-
ting, which, in addition to the learning effects, helps stu-
dents develop a clearer understanding of actual
treatment procedures. The use of different models might
contribute to an improvement in the overall evaluation
of practical training.
No significant differences were observed in “personal

learning attitude” in this study, but mean scores were
highest with the mannequin, followed by the silicone
and plaster models in descending order. This result indi-
cates the possibility that practice with models had a
positive effect. Each student worked with and assessed
only one training model, and this should be kept in
mind when considering the validity of the results.
The purpose of using silicone models is to help stu-

dents comprehend the characteristics of modeling com-
pounds and develop skills in border molding. Silicone
models are already used in postgraduate training courses
and objective structured clinical examinations. In the fu-
ture, it is expected to expand the use of the silicone
models for general improvement in treatment, and
border molding training should include movable and im-
movable mucosa and free lingual movement to make it

more consistent with actual clinical conditions. Considering
the limited time and number of cases included in the dental
curriculum, silicone models are expected to allow an ad-
equate mimicking of clinical conditions and to foster better
impression-taking skills.

Conclusions
Within the limitations of this study, changing the prac-
tical training models from plaster to silicone appeared to
improve student comprehension and evaluation of prac-
tical training.

Additional files

Additional file 1: The questionnaire in Japanese and English: the
questionnaire consisted of 21 items regarding their overall practical
training and their clinical comprehension of border molding. (XLS 42 kb)

Additional file 2: The questionnaire results: The raw data used in this
study. Each subject rated on a five-point Likert scale. (XLSX 22 kb)

Abbreviations
TMDU: Tokyo Medical and Dental University

Acknowledgements
None.

Funding
No funding has been received for this study.

Availability of data and materials
All data used in this study is contained within the manuscript and additional
files. All materials other than plaster models are commercially available.

Authors’ contributions
MO, the corresponding author, contributed to conception of the study, analysis
of data, and manuscript drafting. YS contributed to conception of the study,
statistical analysis, and manuscript drafting. YH contributed to conception and
design of the study and reviewed manuscript. SM performed data collection
and reviewed manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate
This study was carried out with the approval of the Ethics Committee of the
Faculty of Dentistry at TMDU (registration number: 915) following their review
of the questionnaire; the Committee confirmed that the results could be used
without the students’ consent.

Consent for publication
Written informed consents for publication of the images in Fig. 1 were
obtained from each subject. A copy of the consent form is available for
review by the Editor of the journal.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 4 August 2016 Accepted: 7 December 2017

References
1. Statistics Japan. Population estimates. 2016. http://www.stat.go.jp/data/jinsui/

pdf/201606.pdf. Accessed 15 July 2016.

Okubo et al. BMC Oral Health  (2017) 17:152 Page 6 of 7

dx.doi.org/10.1186/s12903-017-0443-9
dx.doi.org/10.1186/s12903-017-0443-9
http://www.stat.go.jp/data/jinsui/pdf/201606.pdf
http://www.stat.go.jp/data/jinsui/pdf/201606.pdf


2. Statistics Japan. Statistical tables of the survey of dental diseases. 2011.
http://www.mhlw.go.jp/toukei/list/dl/62-17c23-1.pdf. Accessed 8 June 2016.

3. Clark RKF. The future of teaching of complete denture construction to
undergraduates. Br Dent J. 2002;193:13–4.

4. Boucher C. Complete denture impressions based upon the anatomy of the
mouth. J Am Dent Assoc. 1944;31:1174–81.

5. Stansbery CJ. The negative pressure method of impression taking. J Am Dent
Assoc. 1925;12:438–47.

6. Morton AL. The phenomenon of function in complete denture prosthodontics:
clinical applications of concepts of functional anatomy and speech science to
complete denture prosthodontics: part VII. Recording phases J Pros Den. 1963;
13:4–33.

7. Swenson MG. Anatomy in relation to edentulous impressions. J Am Dent
Assoc. 1933;20:1078–82.

8. DeVan MM. Basic principles in impression making. J Pros Den. 1952;2:26–35.
9. Schlosser RO. Advantages of closed mouth muscle action for certain steps

of impression taking. J Am Dent Assoc. 1931;18:100–4.
10. Wieder M, Faigenblum M, Eder A, Louca C. An investigation of complete

denture teaching in the UK: part 1. A survey of undergraduate teaching. Br
Dent J. 2013;215:177–81.

11. Wieder M, Faigenblum M, Eder A, Louca C. An investigation of complete
denture teaching in the UK: part 2. The DF1 experience. Br Dent J. 2013;215:
229–36.

12. Clark RKF, Radford DR, Juszczyk AS. Current trends in complete denture
teaching in British dental schools. Br Dent J. 2010;208:E10.

13. Clark RKF, Radford DR, Fenlon MR. The future of teaching of complete denture
construction to undergraduates in the UK: is a replacement denture technique
the answer? Br Dent J. 2004;196:571–5.

14. Petropoulos VC, Rashedi B. Current concepts and techniques in complete
denture final impression procedures. J Prosthodont. 2003;12:280–7.

15. Petrie CS, Walker MP, Williams KA. Survey of U.S. prosthodontists and dental
schools on the current materials and methods for final impression for complete
denture prosthodontics. J Prosthodont. 2005;14:253–62.

16. Mehra M, Vahidi F, Berg RWA. Complete denture impression technique
survey of postdoctoral prosthodontics programs in the United States.
J Prosthodont. 2013;23:1–8.

17. Regis RR, Alves CCS, Rocha SSM, Negreiros WA, Freitaspontes KM. The
importance of a two-step impression procedure for complete denture
fabrication: a systematic review of the literature. J Oral Rehabil. 2016;43:
771–7.

18. Kawai Y, Murakami H, Shariati B, Klemetti E, Blomfield JV, Billette L, et al. Do
traditional techniques produce better conventional complete dentures than
simplified techniques? J Dent. 2005;33:659–68.

19. Kawai Y, Murakami H, Takanashi Y, Lund JP, Feine JS. Efficient resource use
in simplified complete denture fabrication. J Prosthodont. 2010;19:512–6.

20. Cunha TR, Della Vecchia MP, Regis RR, Ribeiro AB, Muglia VA, Mestriner W Jr, et al.
A randomised trial on simplified and conventional methods for complete
denture fabrication: masticatory performance and ability. J Dent. 2013;41:133–42.

21. Regis RR, Cunha TR, Della Vecchia MP, Ribeiro AB, Silva-Lovato CH, de Souza
RFA. Randomised trial of a simplified method for complete denture
fabrication: patient perception and quality. J Oral Rehabil. 2013;40:535–45.

22. Vecchia MPD, Regis RR, Cunha TR, de Andrade IM, da Matta JC, de Souza
RFA. Randomized trial on simplified and conventional methods for complete
denture fabrication: cost analysis. J Prosthodont. 2014;23:182–91.

23. Jo A, Kanazawa M, Sato Y, Iwaki M, Akiba N, Minakuchi SA. Randomized
controlled trial of the different impression methods for the complete denture
fabrication: patient reported outcomes. J Dent. 2016;43:989–96.

24. Rashedi B, Petropoulos VC. Preclinical complete dentures curriculum survey.
J Prosthodont. 2003;12:37–46.

25. Montero J, Oyagüe RC, Albaladejo A. Curricula for the teaching of complete
dentures in Spanish and Portuguese dental schools. Med Oral Patol Oral Cir
Bucal. 2013;18:e106–14.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Okubo et al. BMC Oral Health  (2017) 17:152 Page 7 of 7

http://www.mhlw.go.jp/toukei/list/dl/62-17c23-1.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Summary of practical training
	Questionnaire protocol
	Analysis

	Results
	Discussion
	Conclusions
	Additional files
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

