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Abstract

A wide range of thermoplastic materials for the fabrication of removable partial dentures is available for use in the
everyday dental practice. Evaluation of the physical properties of the materials used for the fabrication of these
removable dentures is important, because they affect not only the aesthetics of the construction but also its longevity
and function. Thermoplastic polyamides, also known as nylons, are one of the four major groups of flexible materials
used for treating partially edentulous patients with removable partial dentures.

Aim. The aim of the current review was to evaluate and compare the advantages and disadvantages between the
different types of thermoplastic materials available and conventional polymethyl-methacrylate dentures in regards
to their physical properties.

Materials and methods. A literature review was conducted using PubMed, Web of Science, Google Scholar, and
others including scientific papers up to December of 2024. There was no restriction on the date of publishing and
language of publications. The keywords used for conducting the search were combinations of the following: “nylon
dentures”, “flexible dentures”, “polyamide”, “physical properties”, “color stability”, “water absorption”, “adhesion” and
“‘PMMA”.

Conclusion. According to the results of the studies, currently, nylon-based, flexible polyamide represents an
alternative to the conventional acrylic resins due to its clinically acceptable physical properties. The thermo-
injectable flexible resins demonstrate better aesthetic qualities when compared to the conventional acrylic based
dentures. When it comes to the water absorption the chemical composition of the nylon material is of key
importance, however it remains a topic of discussion between researchers.
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Introduction

Even with the advances in modern digital and implant technologies, the need for the fabrication of
conventional removable dentures remains a reliable and needed method of treatment for partial and
completely edentulous patients (1).

Polymethyl-methacrylate (PMMA) has been the most commonly available and used denture base material
since its application in the 20th century and is usually characterized with satisfactory mechanical, physical
and biological properties, as well as ease of manipulation and cost effectiveness (2,3). However, a shift
towards better materials can be observed with the introduction of the more aesthetic, more comfortable and
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monomer free flexible non-metal clasp dentures (NMCD) such as denture base materials made from different
types of nylon (polyamide).

Nylon is synthesized from monomers, dibasic acid, and di-amine. It is characterized by great heat and
chemical resistance, high physical strength, and flexibility, making it ideal for flexible tissue-supported
removable partial dentures (4).

In contrast, PMMA materials possess advantageous physical properties for denture bases, including their
ability to absorb oral fluids due to molecular polarity, acting as plasticizers that influence dimensional stability
(5,6) Maintaining minimal sorption and solubility is crucial to ensure dimensional stability, aligning with ISO
20795-1 standards (1SO 20795-1, 2013) (7).

Polyamides, while effective, often exhibit rougher surfaces compared to other resin materials, this increase
in roughness is accompanied with a reduction in the aesthetic properties of the denture base material. In
addition, it is proven that different types of Nylon used in fabrication of removable dentures possess different
physical properties, especially related to water absorption (8).

Therefore, selecting the appropriate thermoplastic resin depending on the clinical case remains one of the
key factors of success of the prosthetic treatment.

The current review focuses on the physical properties of the thermoplastic polyamides used in the fabrication
of removable partial dentures, and more specifically on the water absorption and color stability of the denture
base material. These properties are essential for the aesthetics and longevity of the prosthesis.

Aim

The aim of the current review was to evaluate and compare the advantages and disadvantages between the
different types of thermoplastic materials available and conventional polymethyl-methacrylate dentures in
regards to their physical properties

Material and methods

A literature review was conducted using PubMed, Web of Science, Google Scholar, and others including
scientific papers up to December of 2024. There was no restriction on the date of publishing and language
of publications. The keywords used for conducting the search were combinations of the following: “nylon
dentures”, “flexible dentures”, “polyamide”, “physical properties”, “color stability”, “water absorption”,
“adhesion” and “PMMA”.

Results

Water sorption

Flexible plastics, belonging to the Nylon 12 group, possess a longer hydrocarbon chain between the amide
groups. Nylon 12 contains 11 methylene (-CH,-) groups between each amide group (-CONH-), whereas
Nylon 6 has five methylene groups and Nylon 66 has six methylene groups (9).

The longer hydrocarbon chain in Nylon 12 makes it more hydrophobic by increasing the proportion of
nonpolar, water-repellent segments in the polymer. These longer chains reduce the overall density of polar
amide groups, which are the primary sites for hydrogen bonding with water (8).

There is a lower density of amide groups in Nylon 12. This material has a reduced concentration of amide
groups per unit length of the polymer chain. Fewer amide groups mean fewer sites for hydrogen bonding
with water molecules, resulting in lower water absorption (10).
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The water absorption properties are also influenced by the crystallinity and arrangement of polymer chains.
Nylon 12 typically exhibits a lower degree of crystallinity compared to Nylon 6 or Nylon 6/6. However, its
molecular structure still limits water penetration due to the effective alignment of its long, flexible chains. The
spatial arrangement and organization of these chains further reduce the pathways available for water
molecule diffusion into the polymer (8,9).

Longer chains are characterized by a hydrophobic nature. The increased number of nonpolar methylene
groups enhances the hydrophobicity of Nylon 12, making it less susceptible to water absorption compared
to the shorter chains of Nylon 6 or Nylon 6/6. Nylon 12 also exhibits higher thermal stability and chain
flexibility. The longer hydrocarbon segments provide greater molecular flexibility, helping Nylon 12 resist
structural changes (such as swelling) when exposed to water (11).

In summary, the lower water absorption of Nylon 12 is attributed to its longer hydrocarbon chain, reduced
density of amide groups, and more hydrophobic molecular structure. These properties make it particularly
suitable for applications such as dental prostheses, where dimensional stability and moisture resistance are
critical.

Lai et al. in 2003 (12) studied the water absorption of a polyamide material, a silicone material and two heat-
cured acrylic resins. In this study, the polyamide (Flexite Supreme) absorbed the largest amount of water,
while silicone showed the least water absorption after 56 days of water storage. The high levels of water
absorption is attributed to the structural characteristics of Flexite Supreme, which the authors believe to be
a co-polyamide.

In the study conducted by Takabayashi in 2010 (13), the water absorption of two tested polyamide materials
(Valplast and Flexite Supreme) meets the ISO standard (32 ug/mm) (14), but Lucitone FRS shows the
highest water absorption due to its higher degree of hydrophilic properties, as demonstrated by contact angle
measurements. They conclude that the higher the concentration of the amide group, the higher the water
absorption. Therefore, it is suggested that the concentration of the amide group in polyamide-type prosthesis
materials can be regulated to a level as low as in popular materials like nylon 6 or 66 (13).

In another study by Shah et al. in 2014, the water absorption and solubility of conventional PMMA resin and
flexible polyamide (nylon) resin for prostheses were compared, and it was found that heat-cured PMMA has
higher water absorption and solubility than the flexible resin (15). The study suggests that since the contact
angle between the flexible resin and water is high with low surface free energy, their water-repelling ability is
high, leading to lower water absorption values. It is mentioned that there is a strong hydrogen bonding among
amide groups, which reduces the areas available for binding water molecules; therefore, the amount of water
absorption in flexible resin is lower than in conventional PMMA. Higher content of residual monomer is
mentioned as a reason for higher solubility levels in PMMA (15).

When comparing the polyamide denture base material to 3D-printed materials used for the fabrication of
removable dentures Aliem Elbanna et al. (16) came to a conclusion that the material used for 3D-printing
demonstrated higher water absorption than the thermoplastic polyamide material. They also note that the
absorption between the PA and conventional PMMA materials show similar absorption which they attribute
to the manufacturing process.

When comparing the PA material to conventional PMMA or 3D-printed materials in regards to the water
sorption the results and conclusions vary. A majority of authors agree that there are similarities in the water
absorption between PMMA and PA materials used in the dental practice (17,18).

Color stability

The color stability of the removable dentures made from polyamide can be influence by different factors,
including the patient’s oral hygiene, the cleaning methods used by the patient, the manufacturing process of
the denture and what the patient eats and drinks (19-21).
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Dentures made from this material possess great color stability, which is due to the addition of color to each
granule of the raw granulate. In this way, an even distribution of colors is observed, and the risk of obtaining
random color spots in the denture, during the manufacturing process is eliminated.

In the study by Lai et al. in 2003 (12) the color stability of one co-polyamide (Flexite Supreme), one silicone
(Gingivamoll), and two heat-polymerized acrylic resins (QC-20 and Vertex) was studied using a
spectrophotometer after immersion in coloring solutions of coffee and tea for 7, 14, 30, 120, and 180 days.
The co-polyamide had the greatest discoloration in the tea solution, and the silicone material in the coffee
solution. Discoloration of different materials and the presence of stains played a key role in the decolorization
of the materials in this study. The color changes of silicone and co-polyamide materials stored in the coffee
solution for 180 days were greater than 3 NBS (National Bureau of Standards) units, which would be
characterized as significant and clinically unacceptable (22).

Takabayashi et al. in 2010 (13) compared the color stability of six thermoplastic resins for prostheses (three
polyamides, two polycarbonates, and polyethylene terephthalate) after immersion in coffee and curry
solutions for 60 hours. In this study, three polyamides (Valplast, Lucitone FRS, and Flexite) had significant
color change in the curry solution, while Valplast and Flexite showed significant color change after immersion
in the coffee solution.

Sepulveda-Navarro et al. In 2011 (23) compared the color stability of two heat-cured acrylic resins for
prostheses (Lucitone 550, VipiCril) with a thermoplastic nylon resin (Transflex) in different beverages (coffee,
cola, red wine, and distilled water) using an ultraviolet spectrophotometer. The strongest discoloration was
shown with red wine, followed by coffee; Transflex showed significant color change after 15 and 30 days of
immersion in cola.

In a similar study conducted by Mostafa M et al. in 2023 (24) the impact of popular beverages on the color
stability between PMMA and PA denture base materials was investigated and they concluded that the PMMA
material demonstrated higher color stability.

Denture cleanser can be considered as a common source of discoloration for the denture base material. The
majority of authors agree that the improper use of denture cleansers can lead to a change in color of the
polyamide denture base material (25-28).

Greater color changes in nylon dentures would be related to their hygroscopic and higher water absorption
properties (29,30). It has been established that the frequency of amide groups along the chain has influenced
water absorption and the chemical properties of each type of nylon (31). Another reason may be the
differences in dental laboratory processing and polishing of nylon materials compared to PMMA. Rougher
surfaces are more susceptible to discoloration (32—-34).

Conclusion

The water sorption of the polyamide materials can depend on the liquid they are stored in, their structural
properties and the manufacturing process. Overall these materials demonstrate clinically acceptable levels
of water absorption, however it is still considered to be higher than conventional PMMA materials.

It can be concluded that the thermoplastic polyamide materials have a lower color stability when compared
to conventional materials such as PMMA. Their easier discoloration can be attributed to their structural and
mechanical properties.

Clinicians need to be aware of the advantages and disadvantages of the thermoplastic polyamide materials
and advice their patients accordingly as the choice of the material for the fabrication of the removable
dentures is crucial for the overall treatment.

2044



Literature Review M ed | nfO 'm

DOI: 10.18044/ MEDINFORM.2025121.2041 ISSUE 1, 2025
References

1. Peres MA, Macpherson LMD, Weyant RJ, Daly B, Venturelli R, Mathur MR, et al. Oral diseases: a global
public health challenge. The Lancet. 2019 Jul;394(10194):249-60.

2. Gungor H, Gundogdu M, Yesil Duymus Z. Investigation of the effect of different polishing techniques on
the surface roughness of denture base and repair materials. J Prosthet Dent. 2014 Nov;112(5):1271-7.

3. Silva C de S, Machado AL, Chaves C de AL, Pavarina AC, Vergani CE. Effect of thermal cycling on
denture base and autopolymerizing reline resins. Journal of Applied Oral Science. 2013 Jun;21(3):219-24.

4. Binaljadm TM. Flexible Denture: A Literature Review. Cureus. 2024 Mar;16(3):e55425.

5. Takahashi Y, Hamanaka |, Shimizu H. Flexural properties of denture base resins subjected to long-term
water immersion. Acta Odontol Scand. 2013 Jan 20;71(3—4):716-20.

6. Barnard RG, Clarke-Farr PC, Latief A. Factors Affecting Sorption and Solubility of Denture Base Acrylic
Materials: A Review. Ann Dent. 2022 Feb 23;29:1-8.

7. Parvizi A, Lindquist T, Schneider R, Williamson D, Boyer D, Dawson D V. Comparison of the Dimensional

Accuracy of Injection-Molded Denture Base Materials to that of Conventional Pressure-Pack Acrylic Resin. Journal
of Prosthodontics. 2004 Jun 28;13(2):83-9.

8. Le Bars P, Bandiaky ON, Le Guéhennec L, Clouet R, Kouadio AA. Different Polymers for the Base of
Removable Dentures? Part I: A Narrative Review of Mechanical and Physical Properties. Polymers (Basel). 2023
Aug 22;15(17):3495.

9. Varghese M, Grinstaff MW. Beyond nylon 6: polyamides via ring opening polymerization of designer
lactam monomers for biomedical applications. Chem Soc Rev. 2022;51(19):8258-75.

10. Jahnke TS. Nylon Plastics Handbook Edited by Melvin I. Kohan (MIK Associates). Hanser: Cincinnati,
OH. 1995. xii + 631 pp. $198.00. ISBN 1-56990-189-9. J Am Chem Soc. 1996 Jan 1;118(34):8186—8186.

11. Shakiba M, Rezvani Ghomi E, Khosravi F, Jouybar S, Bigham A, Zare M, et al. Nylon—A material
introduction and overview for biomedical applications. Vol. 32, Polymers for Advanced Technologies. John Wiley
and Sons Ltd; 2021. p. 3368-83.

12. Lai Y lin, Lui H fu, Lee S yuan. In vitro color stability, stain resistance, and water sorption of four removable
gingival flange materials. J Prosthet Dent. 2003 Sep;90(3):293-300.
13. Takabayashi Y. Characteristics of denture thermoplastic resins for non-metal clasp dentures. Dent Mater

J. 2010;29(4):353-61.

14. Athar Z, Juszczyk AS, Radford DR, Clark RKF. Effect of curing cycles on the mechanical properties of
heat cured acrylic resins. Eur J Prosthodont Restor Dent. 2009 Jun;17(2):58—60.

15. Shah J. Comparative Evaluation of Sorption, Solubility and Microhardness of Heat Cure
Polymethylmethacrylate Denture Base Resin &amp; Flexible Denture Base Resin. JOURNAL OF CLINICAL AND
DIAGNOSTIC RESEARCH. 2014;

16. Aliem Elbanna AA, Harby NM, Hamam FA. 3D-Printed Resin Showed Higher Water Sorption than Heat-
Cured PMMA and Polyamide. Journal of Angiotherapy. 2024;8(5).

17. Chuchulska B, Dimitrova M, Dochev B. In Vitro Study of the Surface Roughness, Hardness, and
Absorption of an Injection-Molded Denture Base Polymer, Manufactured under Insufficient Mold Solidification.
Applied Sciences. 2024 Mar 29;14(7):2906.

18. Pfeiffer P, Rosenbauer EU. Residual methyl methacrylate monomer, water sorption, and water solubility
of hypoallergenic denture base materials. J Prosthet Dent. 2004 Jul;92(1):72-8.
19. Sampaio-Fernandes M, Galhardo J, Campos S, Oliveira SJ, Reis-Campos JC, Stegun RC, et al. Colour

changes of two thermoplastic resins used for flexible partial dentures. Comput Methods Biomech Biomed Eng
Imaging Vis. 2022 Sep 3;10(5):460-5.

20. Hamedi Rad F, Ghaffari T, Tamgaji R. Evaluation of the Color Stability of Methyl Methacrylate and Nylon
Base Polymer. J Dent (Shiraz). 2017 Jun;18(2):136-42.

2045



Literature Review M ed | nfO 'm

DOI: 10.18044/MEDINFORM.2025121.2041 ISSUE 1, 2025

21. Sepulveda-Navarro WF, Arana-Correa BE, Ferreira Borges CP, Habib Jorge J, Urban VM, Campanha
NH. Color Stability of Resins and Nylon as Denture Base Material in Beverages. Journal of Prosthodontics. 2011
Dec;20(8):632-8.

22. Vojdani M, Giti R. Polyamide as a Denture Base Material: A Literature Review. J Dent (Shiraz). 2015
Mar;16(1 Suppl):1-9.

23. Sepulveda-Navarro WF, Arana-Correa BE, Ferreira Borges CP, Habib Jorge J, Urban VM, Campanha
NH. Color Stability of Resins and Nylon as Denture Base Material in Beverages. Journal of Prosthodontics. 2011
Dec;20(8):632-8.

24, Mostafa MH, Abuhelal OA hamid, AlSourori AA. Impact of popular beverages on polyamides versus
polymethyl methacrylate denture base materials colour stability: in vitro study. Bull Natl Res Cent. 2023 Mar
31;47(1):48.

25. Freitas-Fernandes FS, Cavalcanti YW, Ricomini Filho AP, Silva WJ, Del Bel Cury AA, Bertolini MM. Effect
of daily use of an enzymatic denture cleanser on Candida albicans biofilms formed on polyamide and poly(methyl
methacrylate) resins: An in vitro study. J Prosthet Dent. 2014 Dec;112(6):1349-55.

26. Motawea |, Gamal El Deen H, Eltayeb H. Effect of Denture Cleansers on Flexural Strength, Color Stability
and Surface Roughness of Flexible and Microwave cured Acrylic Resin. Al-Azhar Dental Journal for Girls. 2017
Jul 1;4(3):311-23.

27. Durkan R, Ayaz EA, Bagis B, Gurbuz A, Ozturk N, Korkmaz FM. Comparative effects of denture cleansers
on physical properties of polyamide and polymethyl methacrylate base polymers. Dent Mater J. 2013 May
30;32(3):367-75.

28. Punia V, Khandelwal M, Sharda C, Porwal A, Sethia A. A comparative evaluation of effect of denture
cleansers on color stability, surface roughness and hardness of polyamide denture base material. J Cancer Res
Ther. 2023 Oct;19(7):2031-5.

29. Ferracane JL. Hygroscopic and hydrolytic effects in dental polymer networks. Dental Materials. 2006
Mar;22(3):211-22.

30. Um CM, Ruyter IE. Staining of resin-based veneering materials with coffee and tea. Quintessence Int.
1991 May;22(5):377-86.

31. Lai Y lin, Lui H fu, Lee S yuan. In vitro color stability, stain resistance, and water sorption of four removable
gingival flange materials. J Prosthet Dent. 2003 Sep;90(3):293-300.

32. Patel SB, Gordan ValeriaV, Barrett AA, Shen C. The effect of surface finishing and storage solutions on

the color stability of resin-based composites. The Journal of the American Dental Association. 2004
May;135(5):587-94.

33. Ergun G, Mutlu-Sagesen L, Karaoglu T, Dogan A. Cytotoxicity of provisional crown and bridge restoration
materials: An in vitro study. J Oral Sci. 2001;43(2):123-8.
34. Bagheri R, Burrow MF, Tyas M. Influence of food-simulating solutions and surface finish on susceptibility

to staining of aesthetic restorative materials. J Dent. 2005 May;33(5):389-98.

Corresponding author:

Rumen Radev

Medical University — Sofia, Faculty of Dental Medicine
Department of Prosthetic Dental Medicine,

1 St. George Sofiyski Str., 1431 Sofia.

e-mail: r.r.radevo6@gmail.com

Radev R, Apostolov N, Yankova M, Radeva E, Evaluation Of Water Sorption And Color Stability Of Nylon
Denture Base Materials: A Literature Review, Medinform 2025; 12(1):2041-2046.

2046



