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INTRODUCTION

CONCLUSIONS

PURPOSE

This research focused on measuring/comparing the wettability of three types
of denture base materials (conventional heat-processed PMMA, milled PMMA,
and digitally printed material) as well as the effects of surface polishing and
water storage using unstimulated human saliva from a single, healthy female
volunteer.

HYPOTHESES

(1) Because of the clinical success of conventional heat-processed denture base
resin, it is felt that saliva would provide a superior wetting of this surface. (2)
Because the millable material is made from a similar polymer as the heat-
processed product, it is not expected that its contact angle would be
significantly different from that of the heat-processed product. (3) Because 3D
printed resins use difunctional monomers, they are expected to demonstrate
more hydrophobicity. (4) Regardless of composition, denture base surfaces that
were polished would have significantly lower contact angles than non-polished.
(5) wet-stored specimens would have significantly lower contact angles.

METHODS

RESULTS

1. Neither type of denture base nor effect of polishing had a significant effect on
either the Advancing or Static contact angles of human saliva.

2. The major experimental factor affecting contact angle was if the specimen was
stored wet or dry, with the wet specimen showing higher contact angles than
the dry, for the majority of denture base materials tested (advancing angles
were affected more than static angles)

3. It was hypothesized (#5) that wet-storage would result in lower contact angles,
but perhaps hydrophilic components were leached into water during storage,
leaving the external surfaces more hydrophobic when saliva was introduced.

HUMAN SALIVA CONTACT ANGLES ON THREE 
TYPES OF DENTURE BASES
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SURFACE ROUGHNESS ANALYSIS
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In order to assure that centrifugation did not remove protein content from saliva, the total protein
content was compared between the batch of stored, centrifuged saliva, and freshly obtained
unstimulated saliva collected from the same individual. A standard curve was developed from
bovine serum albumin. Using this curve, it was found that there was no difference in protein content
between the two saliva specimens: uncentrifuged 105 μg/μL, centrifuged 108 μg/μL.

STATIC CONTACT ANGLE MEASUREMENT

ADVANCING CONTACT ANGLE MEASUREMENT

A fundamental aspect to retention of non-implant-borne, complete, removable
dentures relates to the ability of saliva to wet (cover) the intaglio surface of the
restoration (the aspect in direct contact with mucosa). When saliva spreads
over both the mucosa and denture base areas, a strong, attractive force exists
between the fluid and tissue/resin interfaces. This strong attraction (known as
capillary action) is what helps to retain dentures in place. Thus, without use of
auxiliary commercial adhesive paste or powder, the denture should provide
ample resistance to lateral and vertical movement. An audible “pop” upon
denture removal indicates that saliva has adequately covered the denture base
and mucosa as a thin film, and has provided the needed clinical retention.

Recently, technical advances in fabrication
processes in complete dentures has resulted
in denture bases that are now available as
conventional, heat-polymerized materials,
as 3D CAD/CAM items, and as 3D printed
forms. Because there are significant
differences in material composition and
surface roughness properties of items
fabricated using these different techniques,
the question of the ability of human saliva
to wet these different denture substrates
becomes clinically relevant.

Few, if any, studies are available in the literature that have used human saliva as
a test fluid for contact angle measurement – most studies use salivary
substitutes, instead, due to the great variation in saliva properties among
individuals, and within methods of collection. Saliva can be obtained in an
unstimulated manner (90% of saliva produced, submandibular and sublingual
glands), merely by having a patient continuously spit into a collection tube,
without any means of inducing saliva. In contrast, stimulated saliva (5-fold
increase in flow rate, parotid gland mostly) collection involves collection of the
fluid as it is being produced while a patient chews on a non-food-containing
item, such as wax. During the majority of the day, humans produce
unstimulated saliva, and thus, this research is based on measuring the wetting
ability of that fluid.

The ability of a fluid to wet a surface is determined by the angle that forms
between the spreading droplet edge and the substrate surface (as a silhouette):
the contact angle.
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EFFECT OF CENTRIFUGATION ON SALIVARY PROTEIN CONTENT

3-way ANOVAs, Preset alpha= 0.05

SOURCE OF VARIATION  DF  SS  MS   F   P 
MATERIAL 2 1578.413 789.206 68.748 <0.001

POLISH 1 967.556 967.556 84.284 <0.001

WET-DRY 1 1.053 1.053 0.0917 0.763

MATERIAL x POLISH 2 1587.809 793.904 69.157 <0.001

MATERIAL x WET-DRY 2 2.11 1.055 0.0919 0.912

POLISH x WET-DRY 1 2.502 2.502 0.218 0.642

MATERIAL x POLISH x WET-DRY 2 0.774 0.387 0.0337 0.967

SOURCE OF VARIATION  DF  SS  MS   F   P 
DENTURE  MATERIAL 2 233.819 116.91 1.21 0.303

POLISHING 1 1.441 1.441 0.0149 0.903

WETNESS 1 3368.976 3368.976 34.862 <0.001

DENTURE MATERIAL x POLISHING 2 0.83 0.415 0.00429 0.996

DENTURE MATERIAL x WETNESS 2 656.348 328.174 3.396 0.038

POLISHING x WETNESS 1 9.757 9.757 0.101 0.751

DENTURE MATERIAL x POLISHING x WETNESS 2 97.977 48.989 0.507 0.604

SOURCE OF VARIATION  DF  SS  MS   F   P 
DENTURE  MATERIAL 2 1.932 0.966 0.0132 0.987

POLISHING 1 13.933 13.933 0.191 0.663

WETNESS 1 3001.33 3001.33 41.119 <0.001

DENTURE MATERIAL x POLISHING 2 36.214 18.107 0.248 0.781

DENTURE MATERIAL x WETNESS 2 211.344 105.672 1.448 0.241

POLISHING x WETNESS 1 60.486 60.486 0.829 0.365

DENTURE MATERIAL x POLISHING x WETNESS 2 47.397 23.698 0.325 0.724

Polishing significantly reduced surface roughness for all denture 
base materials (wet or dry), especially the 3D printed base

The significant factor affecting contact angle was if 
the specimen had been stored wet or dry prior to 

contact angle measurement

The significant factor affecting contact angle was if 
the specimen had been stored wet or dry prior to 

contact angle measurement

UNSTIMULATED, WHOLE SALIVA COLLECTED FRESH IMMEDIATELY, CENTRIGUGED, FROZEN

CENTRIFUGATION
15,000 RPM

3 minutes

Krüss DSA 30 Initiate recording – advance 
deposition to 10 μL at 10 μL/min

13 mm

2 mm

DENTURE BASE SUBSTRATES

CONVENTIONAL 
HEAT-PROCESSED

MILLED3D-PRINTED

Specimens sectioned 
into small squares

Stored in tap water

Stored Dry

CONTACT ANGLE MEASUREMENT

Deposit 5 μL onto 
specimen at 30 

μL/min

ADVANCING (DYNAMIC) 
MEASUREMENT

STATIC 
MEASUREMENT

Remove needle, continue 
measurement

STORED AT -80°C

Vials removed as 
needed, thawed

Not Polished

Polished

SURFACE ROUGHNESS MEASUREMENT (Sa)

N = 8 SPECIMENS / TEST CONDITION

SPECIMEN FABRICATION

Nanovea ST400
Printed: Not Polished Printed: Polished

Collection for all test runs 
collected in a single 

setting, pooled

LEARNING OBJECTIVES

1. State the clinical relevance of contact angle measurement of human saliva
on denture base materials

2. State limitations involved with using different types of contact angle
measurement methods than human saliva

3. State the effect of denture base type (conventional, printed, or milled),
storage condition (wet/dry), and surface finish (as-made/polished) on
human saliva contact angle.

Good wetting
Good retention

Poor wetting
Poor retention


