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Abstract

The salivary pellicle, an adlayer formed by adsorption of salivary components on teeth and dental 

biomaterials, has direct consequences on basic outcomes of dentistry. Here, we provide an 

overview of salivary pellicle formation processes with a critical focus on dental biomaterials. We 

describe and critique the array of salivary pellicle measurement techniques. We also discuss 

factors that may affect salivary pellicle formation and the heterogeneity of the published literature 

describing salivary pellicle formation on dental biomaterials. Finally, we survey the many effects 

salivary pellicles have on dental biomaterials and highlight its implications on design criteria for 

dental biomaterials. Future investigations may lead to rationally designed dental biomaterials to 

control the salivary pellicle and enhance material function and patient outcomes.
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1.0 Introduction

The role of saliva in the oral cavity ranges from remineralization [1] to lubrication [2] to 

digestion and beyond [3]. This is achieved through saliva’s multifunctionality, redundancy of 

components, and amphifunctionality [4]. Saliva is over 99% water [5] yet contains secretions 

including proteins and glycoproteins [6] from major salivary glands (submandibular, parotid, 

and sublingual) and minor salivary glands (buccal, palatal, labial, and von Ebner’s), gingival 

crevicular fluid, and bacterial elaborations [7]. The presence of approximately 0.3 wt% 

mucins, a family of glycosylated proteins, renders saliva its rheology and its unique 

lubrication properties [8]. An important consequence of this solute-laden (at least 1,515 

unique proteins [9]) fluid in the oral cavity is the inevitable adsorption of salivary 

components onto surfaces such as dentition and dental biomaterials. The completely-

acellular adlayer formed by adsorption of salivary components was first described in 1839 

[10] and termed the salivary pellicle (SP) by C. Dawes in 1963 [11].

SP formation on dentition and dental biomaterials affects basic outcomes of dentistry. SP 

acts as an integument for tooth surfaces and dental biomaterials, protecting them from wear 

and aiding in speech and mastication [12,13]. SPs can reduce the demineralization rate of 

enamel [14] and inhibit “surface-induced” precipitation of calcium-rich species, and thus, 

over mineralization of tooth surfaces [15]. SPs controls cariogenic biofilm formation on 

dentition and dental biomaterials [6,16,17]. Furthermore, SP formation can modulate 

periodontal wound healing [18]. The range of interactions the SP mediates on dental 

biomaterial surfaces is summarized in Figure 1. As evidence of the effect on SP on dental 

biomaterials, 45.8% of patients develop caries during orthodontic treatment due to biofilm 

formation on orthodontics materials, alongside a white-spot prevalence rate of 68.4% [19]. 

Similarly, dental crowns may accumulate plaque that leads to caries or periodontitis; 

approximately 14.4% of patients developed periodontitis from crown treatment after 5 years 

[20]. Staining of dental veneers can lead to patient dissatisfaction and need for further 

treatment [21]. Modulation of bacterial adhesion to dental biomaterials surfaces through the 

formed SP can cause an imbalance, or dysbiosis, of the microbiota on materials surface and 

lead to enrichment of pathobionts [22–24].

While it is clear that SPs regulate many interactions in the oral mucosa, SP formation on 

dental biomaterials remains less studied than SP formation on teeth. The purpose of this 

review is to highlight the current state of knowledge of SP formation on dental biomaterials, 

with a particular emphasis on methods used for studying SPs and the effects of SP formation 

on dental biomaterials. A better recognition and understanding of SP formation on dental 

biomaterials may lead to rationally designed materials that control SP formation and 

increase dental biomaterials clinical outcomes.

2.0 Salivary Pellicle Formation

2.1 General Characteristics of Salivary Pellicle Formation

Initial adsorption of salivary proteins and other biomolecules in saliva on any oral surface 

takes place within a matter of seconds [25] and grows to around 10–20 nm thick after one 

minute [26]. The ultimate SP thickness is about 1.3 μm at 24 hours [26]. This adsorption 
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process is dynamic and initially adsorbed proteins tend to undergo conformation changes as 

later proteins adsorb [27,28]. However, protein desorption can also occur within the first 

minute of protein-substrate interactions for other proteinaceous fluids such as blood; this is 

likely true for saliva as well [29].

Adsorption of proteins generally depends on non-covalent interactions between the surfaces 

and molecules already sorbed on the surfaces (interactions we term throughout as 

material:proteinsearly and proteinsearly:proteinslate interactions, respectively) such as 

hydrophobic, electrostatic forces, hydrogen bonding and van der Waals forces. This 

complexity gives rise to the “Vroman effect” which describes changes over time of adsorbed 

proteins from blood onto surfaces, but can be applied to other systems, where smaller 

molecular weight proteins are replaced with larger, slower diffusing, higher molecular 

weight proteins [30]. Molecular shape affects adsorption dynamics as well. For example, 

globular proteins tend to have a greater ability to rearrange shape to maximize surface 

interactions than rod-like proteins and so have a high affinity for surfaces [31]. A simple, 

intuitive view of adsorption may suggest that abundant proteins in solution would adsorb in 

abundance compared to less abundant proteins, regardless of protein shape. However, this is 

not necessarily the case. Analysis of the blood proteins has shown that albumin, which is 

about 50% of plasma protein by weight, is under-represented on surfaces, while fibrinogen, 

which is about 5% of plasma protein by weight, is over-represented [32]. Similar analyzes 

for orally-relevant proteins are lacking to date but general principles likely still apply.

Two disparate mechanisms of SP adsorption exist. Early protein adsorption is based on 

material:proteinsearly interactions as opposed to later proteins which adsorb predominately 

based on proteinsearly:proteinslate interactions. These two phases lead to the two distinct SP 

layers [33]. A thinner, denser layer forms on the material and a thicker, less dense layer on 

top of the first layer [25]. The basal lay generally has a network structure [33] and the outer 

layer has a more heterotypic structure with aggregates of proteins [25]. The basal layer 

preferentially contains proline-rich proteins, statherins, histatins, and highly glycosylated 

mucins compared to the outer layer [25,34]. Interestingly, the basal portion of the SP is more 

resistant to mechanical wear than the outer layer [35]; this is probably due to the more 

tenacious non-covalent interactions between the material:proteinsearly in the basal layer 

versus proteinsearly:proteinslate of the outer layer.

A frequently overlooked factor in any adsorptive process, including that of SP formation, is 

the role of water [36]. Water is the first molecule to adsorb to a surface given its orders of 

magnitude smaller size than many biomolecules and relative abundance. Proteins must thus 

displace the highly structured, adsorbed water layer in order to adsorb to a surface [36,37] 

Other factors such as temperature, pH, and ionic strength of the solution can influence 

adsorption as well [38–40]. The SP is also known to undergo enzymatic crosslinking and 

proteolysis during SP formation, further complicating the role of protein:protein interactions 

in the formation process beyond physical interactions [41].

Substrate (dentition, dental implants, etc.) physical, chemical, and topographical properties 

can markedly affect SP formation. Effects of these material and surfaces properties on 

general protein adsorption have been thoroughly reviewed by others, see Nakanishi et al.,
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[42] Wang et al., [43] Rabe et al.[44], and Sterzenbach et al. [22]. Here, our scope is on 

reviewing the existing body of literature specific to SP formation on dental biomaterials.

2.2 Salivary Pellicle Formation on Dental Biomaterials

2.2.1 Early, Foundational Research About Salivary Pellicle Formation on 
Dental Biomaterials—Despite less work on SP formation performed on dental 

biomaterials than on dentition, a small, but robust, body of literature exists outlining the 

general principles of SP formation on dental biomaterials. Early pioneering work by Hannig 

et. al [28] showed no morphological nor thickness differences between SPs formed on 

enamel compared to resin composites, amalgams, and casting alloys [28] even though there 

are markedly different physicochemical differences between these materials. Other early 

work similarly showed no morphological differences between SPs on microfilled composites 

and glass ionomers [45]. These studies are admittedly limited due to their reliance on 

transmission electron microscopy (TEM) or scanning electron microscopy (SEM), which 

only evaluate thickness and morphological traits and not chemical or biomolecule 

composition. However, these techniques have been historically valuable in the understanding 

of SPs.

A number of other studies have been performed since these early studies, which we 

summarized and divided by dental biomaterial in the following sections. We also note some 

of the most commonly used SP analytical techniques.

2.2.2 Salivary Pellicle Formation on PMMA and Other Polymeric Dental 
Biomaterials—Initial work [46] showed differences in amino acid contents of SP on 

polyethylene terephthalate commercial dental polymers films (Mylar and Melinex ®) and 

glass. The SP formed on these two polyesters contained more glutamic acid and less proline 

compared to glass. Later work [47] using gas chromatography showed less proline and more 

serine on enamel SPs compared to SPs on polyvinyl chloride/polyvinyl acetate. While 

interesting, drawing further conclusions on specific molecular composition of the SP is 

limited as this characterization only provides information on amino acids composition.

Other studies have found poly(methyl methacrylate) (PMMA) denture materials had a 

comparable SP composition to natural dentition [48]. Two-dimensional gel electrophoresis 

has shown differences in protein composition between titanium, PMMA, and enamel; 

however, the compositional differences were not investigated beyond pI and molecular 

weight differences, resulting in weak biomolecule assignment [49]. Furthermore, liquid-

polish coatings on PMMA have shown less protein adsorption, as determined by sodium 

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), than uncoated PMMA 

[50]. Past work [51] compared the amount of SP proteins adsorbed to PMMA, polyethylene 

(PE), polyte-trafluoroethylene (PTFE), silicone, a silorane-based and a methacrylate-based 

dental composite, a glass ionomer cement, a cobalt–chromium–molybdenum alloy, and 

titanium. The authors showed that the hydrophobic surfaces tended to adsorb more protein 

but there was no relationship between the adhesion of Streptococci gordonii to water contact 

angles of the surfaces or amount of protein adsorbed. The authors suggested that surface 

chemistry affects SP formation more than simply hydrophobicity/philicity.

Fischer and Aparicio Page 4

Colloids Surf B Biointerfaces. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2.2.3 Salivary Pellicle Formation on Resin Composites—While SP compositions 

on different materials may appear to be similar in some circumstances, this does not mean 

the biological activity is similar. Hannig et al. [28] showed no differences in SPs formed on 

resin composites, amalgams, and casting alloys using TEM. Similarly, the same group [52] 

showed no differences in lysozyme activity between SPs formed on enamel, dentin, gold 

alloy, titanium, amalgam, feldspar ceramic, resin composite (Spectrum, Dentsply DeTrey), 

and PMMA. However, amylase activity was significantly lower on titanium, resin 

composite, and PMMA than the other tested materials. This demonstrates that while SPs 

may appear morphologically similar and have similar functional activities for some 

measures, this may not apply to all functional measures of a material.

More recent work has delineated the influence of fillers and protease inhibitors on SPs 

formed on experimental resins [53]. The authors showed that incorporation of fillers 

generally increased the abundance of SP proteins and addition of inhibitors generally 

increased cystatins, lysozymes, and mucins regardless of the specific inhibitor used. Other 

work used SDS-PAGE to investigate SP composition and concluded that human salivary 

low-molecular-weight mucin (MG2) proline-rich proteins and agglutinin were enriched on a 

glass ionomer cement compared to a resin composite (TPH Spectrum, Dentsply DeTrey) 

[54].

2.2.4 Salivary Pellicle Formation on Metals—Titanium alloy dental implants have 

been of considerable interest giving the importance the SP plays mediating peri-implant 

healing [55–57]. Mass spectrometry has been used to compare SP protein content on three 

common implant surfaces. The SP formed on microrough and highly hydrophilic SLActive® 

(Institut Straumann A.G.) surfaces was composed of more proteins than on less hydrophilic 

SLA® and smooth machined surfaces. Other results showed the microrough surfaces of 

SLA® and SLActive® surfaces demonstrated some adsorption specificity while the smooth 

machined surface showed almost no specificity [58]. Other work has shown that 

incorporation of niobium and zirconia in titanium alloys changes the SP protein profile 

compared to commercially pure titanium [59].

Other work [60] determined in vivo SP formation on titanium, copper-chromium, silver 

palladium copper gold alloy, and denture resin (methacrylates and dimethacrylates). The 

most commonly adsorbed salivary components among all groups were immunoglobulin 

alpha-1 heavy chain constant region, polymeric immunoglobulin receptor precursor, and 

albumin, among others. Finally, titanium alloy surface roughening has been shown to 

increase lactoferrin and MG2 adsorption compared to smoother surfaces [61].

Some work has shown compositional differences in SPs between bracket metal, ligature ring 

elastomer, and orthodontic bonding resin [62]. Specific results showed that bracket metal 

adsorbed more amylases than the other materials tested. Others [63] compared SP formation 

on gold, stainless steel, alumina and zirconia and found that adsorption kinetics and 

thickness of SP were similar on all materials.
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3.0 Characterizing Salivary Pellicles

As seen, a wide variety of techniques have been used to analyze SP formed on surfaces. A 

summary of techniques utilized to determine SP properties on dental biomaterials and 

dentition is shown in Table 1 and Figure 2. These techniques reflect the range of 

experimental multidisciplinary backgrounds that SP investigators possess, which expand 

from biochemical to colloidal/interfacial sciences to clinical dentistry. An underlying 

difficulty in measuring or characterizing SPs is the amount of protein available in saliva to 

be analyzed; the SP formed on a tooth labial surface over 2 hours in vivo contains just 2.0 μg 

of protein [64].

An important factor when analyzing SPs’ composition is the method in which the analyte is 

removed from the surface for further analysis, such as with SDS-PAGE. Different methods 

reflecting a large range of protocols used by authors to obtain a sample for SDS-PAGE from 

dental biomaterials and enamel is found in Table 2. Generally, SDS-PAGE solution is used 

to wash off the adsorbed SP, though the surface may also be scrubbed or boiled. In the only 

study of its type, Hannig et al. [35] investigated a variety of SP removal methods from 

enamel, including those utilized for SDS-PAGE. Using TEM, the authors found that SDS-

PAGE solution did not completely remove the SP. Indeed, only 0.6 M hydrochloric acid, 

0.4% EDTA (pH 7.4), and ultrasonicated 3% sodium hypochlorite showed complete removal 

of the SP. This serves as a cautionary tale for researchers using methods that requires 

desorption of the SP. Other techniques are similarly sensitive to sample preparation. For 

example, electron microscopy measurements of SP are dependent on the sample dehydration 

method.

A pertinent question when designing SP experiments is whether samples should be 

incubated in collected saliva or placed in vivo. Only one previous study has directly 

addressed this question to the authors’ knowledge. Carlén et al. [72] comparad SP formation 

in vivo vs. in vitro. Major differences were noted between the two sampling methods. 

Samples worn in vivo contained a lot of albumin, while albumin was not found on in vitro 
incubated samples. A major source of differences between groups was dependent on where 

in the mouth samples were harvested from. These differences may be explained by 

proximity to different salivary glands and tongue shear forces [26,72,75,92,93] Variation 

between individuals may also be attributed to circadian rhythms and diet [74,94–96].

The range of techniques used to harvest SP in vivo is summarized in Table 3. These 

techniques generally involve scaling the SP onto some sort of paper where it is then 

transferred to perform further analyses. However, similar to SDS-PAGE techniques, the 

techniques used to isolate the SP can affect the results. For example, differences in collected 

SP glycoprotein content were shown between pre-treating SPs with 2M calcium chloride 

versus 5% EDTA following by mechanical scaling [97]. In short, the methodology utilized 

to isolate SPs formed on dental biomaterials can directly affect the results and should be 

rationalized beforehand and thoroughly described.
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4.0 Effects of Salivary Pellicles on Dental Biomaterials

A driving factor in the study of SP formation on dental biomaterials is the potential 

downstream effects on dental biomaterial characteristics, performance, and longevity. SP 

formation on dental biomaterials may reduce the biological activity of dental biomaterials 

because the SP covers the engineered functional domains. For example, an antibacterial 

dental primer and adhesive showed decreased antibacterial effects after salivary pellicle 

formation [109]. This reduction in biological activity holds true across a range of 

biomaterials, including PEGylated silicon [110], silicon with anchored antibacterial 

pyridinium [110], and a resin filler with an added quaternary ammonium methacrylate 

antibacterial monomer [111]. Biological activity that is dependent on direct interactions 

between cells and materials surface components, such as antibacterial monomers, may be 

particularly influenced by the presence of a SP. Here we summarize the known effects that 

SP formation has on dental biomaterials. We note that other effects exist for SP formation on 

dentition [112,113] but not all of these have been similarly studied on dental biomaterials.

4.1 Effects of Salivary Pellicles on Dental Biomaterial Lubrication and Wear

The formation of the SP is important in the mastication and speech production due its 

lubriciousness [14,114]. One group [115] measured the forces acting between an SP and 

silica with an atomic force microscopy (AFM) and found that the presence of a SP reduced 

the friction coefficient and was dependent on hydration state [116]. Tribological 

measurements using pig tongue and esophagus tissues has shown that unstimulated saliva is 

a better lubricant compared to stimulated saliva [117]; this may be due to the presence of 

statherin that itself reduces the interfacial tension of SPs and forms a calcium-enriched 

viscoelastic film [118]. Others [119] have shown that statherin and its specific confirmation 

played an important role in the lubriciousness caused by SPs on dental biomaterials and 

enamel. Sarkar, Xu, and Lee have comprehensively reviewed the role of SPs on surface-

mediated mechanical properties for both dentition and biomaterials [8]. Notably, fluid saliva 

itself (i.e., liquid phase) plays an important role in lubricating intraoral surfaces beyond just 

the biomolecules present at interfaces [12]. In total, this modulation of friction due to SP 

may affect the performance of dental biomaterials given its relationship to mastication 

[14,114], speech production [14,114], wear [120], and attrition [121].

Wear, the progress loss of material due to both mechanical and bio/chemical factors, remains 

an active area of dental biomaterials research [122]. However, the role SPs play in dental 

biomaterial wear is still debated despite the intuitive role and the wealth of work examining 

SP-mediated tribology on oral soft tissues [113]. In fact, Hannig and Joiner [14] commented 

that “systematic investigations on the effect and influence of the salivary pellicle on tooth 

wear are lacking.” This statement still stands fifteen years later. Previous work has studied 

the adhesion strength between SPs and materials like compomers [123] and silica [124] 

which likely relates to wear modulation of SPs on dental biomaterials. Others have shown 

marked differences in SP binding strength between titania, hydroxyapatite, gold, zirconia, 

silica, and hydrophobized silica [125]. However, no studies have been performed to directly 

delineate the role of SPs on dental biomaterial wear.
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4.2 Effects of Salivary Pellicles on Dental Biomaterial Erosion

Erosion, or the weakening of a material’s mechanical properties that make it more 

susceptible to mechanical forces leading to wear, contributes to dentition and dental 

biomaterials failure [126]. While dental biomaterial erosion is far less of a problem than 

natural mineralized dentition erosion, it is still a concern [127,128]. For example, erosion 

can lead to dissolution of the siliceous layer of glass-ionomer cements and can soften the 

resin phase of resin composite and cements [129].

The semi-permeable SP is important in reducing erosion because it can act as a diffusion 

barrier for degradative chemical agents (acids, enzymes, etc.); this function is commonly 

attributed to mucin, albumin, and casein [5,130]. The SP can also contain enzymes that 

neutralize acidic protons [131] from common erosive agents including fruit juices and 

gastric juices [132]. Furthermore, the SP may act as a reservoir of ions for remineralization 

[133]; polyanions penetrate into the SP near the base while polycations adsorb on top of the 

SP by interactions with mucins [134]. SP formed for just one hour can protect from orange 

juice erosion of dentition [75]. This anti-erosive behavior of the SP has been harnessed to 

create a synthetic peptide based on the natural SP to reduce erosion [135]. Clinical evidence 

supports the role of SP in erosion reduction as one group [136] showed differences in SP 

protein content based on the degree of enamel erosion. However, to date, no studies have 

been performed for the role of SPs on dental biomaterial erosion directly.

4.3 Effects of Salivary Pellicles on Dental Biomaterial Staining

Staining of dental biomaterials associated to SPs factors is of concern given the aesthetic 

demands of modern dentistry. Color is one of the most important factors determining 

satisfaction with one’s smile [137]. Staining generally associated with dental biomaterials is 

an extrinsic stain due to its localization on the surface, as opposed to intrinsic staining of the 

bulk of the material.

The most well studied staining element of dental biomaterials relating to SPs is 

chlorhexidine (CHX), a cationic bisbiguanide that is frequently used in mouthwashes and 

toothpastes as an antimicrobial agent [138]. The mechanisms by which CHX staining occurs 

are an active area of research but all involve SPs. The first proposed mechanism is 

nonenzymatic browning reactions or Maillard reactions [14]. This occurs when a sugars 

react with amino acids (from proteins in the SP, for example) and colored products are 

formed; this process is accelerated by CHX [139]. The second mechanism involves the 

denaturing of biomolecules in the SP due to CHX, exposing sulfur groups, and leading to 

eventual coordination with either iron or tin and a color change [140]. We note direct 

evidence for either of these mechanisms is mixed [14].

The other major cause of staining of dental biomaterials that relates to SPs is dietary 

components such as coffee, red wine, and tea [141]. Results from ellipsometry [142] have 

shown that black tea and red wine cause an increase in SP mass on hydroxyapatite. This is 

probably due to tannins that bind to proline-rich proteins found in the SP [143]. Indeed, 

extracted, stained teeth possess a thicker SP and have chemical differences compared to non-
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stained controls [144]. A similar result occurs on acrylic disks [145,146], and likely does on 

many other dental biomaterials as well.

An important note for in vitro testing of staining is that previous work [145] has shown 

differences in staining of acrylic blocks due to the use of stimulated versus un-stimulated 

collected saliva. This is likely due to the differences in protein content of each type of saliva. 

Relatively less work has focused on dental biomaterials and stain formation, mechanisms, 

etc. compared to enamel or hydroxyapatite except for stain removal (for example, see Jagger 

et al. [147]). Even less work has focused on the role of SPs in staining of dental 

biomaterials, though the role is clearly evident for enamel staining. Future research is 

needed to discern potential differences between enamel and dental biomaterials staining and 

the relationship to SPs.

4.4 Effects of Salivary Pellicles on Microbial Interactions

The process of initial microbial adhesion to a surface is reversible, but an emerging biofilm 

eventually forms [148]. These processes are dictated by the presence of a SP and specific 

components recognized by bacterial adhesins that bind to common SP biomolecules like 

amylase [149]. This topic has been previously reviewed by Sterzenbach et al. [22], Nobbs et 
al. [150], and Hannig et al. [151]. Recent work [63] has shown that formation of SP on a 

number of traditional dental biomaterials facilitated more attachment of an early colonizer of 

oral surfaces equally compared to bare biomaterials surfaces, which was attributed to the 

fact that these different biomaterials did not notably affect the physical-chemical properties 

of the SP. These results highlight the lack of specific surface design of classic dental 

biomaterials to control SP formation and SP effects in the oral environment.

5.0 Design of Dental Biomaterials That Modulate the Salivary Pellicles: 

Present and Future Considerations

The modification of biomaterials surfaces to control protein adsorption is commonplace for 

blood-contacting medical devices (see Ngo et al.’s [152] review), providing a potential 

source of ideas for dental biomaterial engineering. Indeed, efforts have been made to design 

dental biomaterials that reduce protein adsorption (as a way to reduce SP formation) and 

thus, hinder biofilm colonization of the designed surfaces.

A relevant example is dental resin composites and other resin-based materials used in the 

dental clinics to restore decayed teeth. Considering that SPs affect the composition of the 

colonizing biofilm [153] and that bacteria contribute to the high propensity for failure of 

dental restorations (more than 50% [154]), engineering polymeric dental biomaterials to 

minimize SP formation is meritorious. Resin composites with an added protein-repellant 

monomer (2-methacryloyloxyethyl phosphorylcholine; a methacrylate with a phospholipid 

polar group) reduced protein adsorption by 1/12th as compared to a standard formulation 

and, combined with an antimicrobial monomer - quaternary ammonium 

dimethylaminohexadecyl methacrylate (DMAHDM), produced surfaces with synergistic 

antibacterial properties [155,156].
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Poly(2-hydroxyethyl methacrylate) and polyethylene glycol methacrylate have been used to 

coat PMMA, which is used in dentistry for a number of devices such as denture bases and 

maxillofacial prostheses, to attenuate SP formation and subsequent bacterial adhesion [157]. 

Dental metallic surfaces used to manufacture orthodontic bracket, implants, etc. can also 

benefit from control of SP formation as a means of gaining anti-biofilm activity. In one 

example, UV irradiation of titanium dioxide (which is the oxide naturally occurring on 

titanium surfaces) reduced SP mass compared to untreated surfaces [158] as photoactivation 

of the surfaces produced free radical and anionic oxygen species that affected protein/

substrate interactions.

While one goal in mediating blood interactions with biomaterial surfaces has been to hinder 

protein adsorption [159], another approach has focused on the selective adsorption of blood 

components that can promote bioactivity. One example of this is selecting specifically for 

fibrinogen adsorption to decrease cytotoxicity of carbon nanotubules [160]. In a similar 

manner, harnessing the SP formation can represent a viable option to enhance the 

functionality of newly designed dental biomaterials. New dental biomaterials could be 

designed so they promote adsorption of particular molecules that reduce bacterial adherence, 

select for specific bacterial strains and/or trigger positive cell actions, such as reduced 

inflammation. Such an approach recognizes the seemingly inevitability of salivary fouling of 

the dental biomaterial and attempts to harness it. However, modulation of adsorption of 

specific SP components presents itself as a difficult task due to the large number of salivary 

proteins competing for adsorption to form the SP. Thus, this approach has been minimally 

explored [84]. Advances in proteomics [141][142], a deeper understanding of the structure 

and dynamics of SPs on synthetic substrates, and knowledge of the feedback mechanisms 

between SP and oral biological agents [143] should enable the design of new dental 

biomaterials that govern SP formation with optimal functionality.

Conclusions

The salivary pellicle acts as a mediator of interactions between surfaces in the oral cavity, 

including dental biomaterial surfaces, and biological and mechanical agents in the mouth. 

Differences in dental biomaterials have been shown to influence salivary pellicle 

composition and structure and define subsequent interactions critical to dental biomaterial 

function. Despite the relevance of the formation of SPs on dental biomaterials, many factors 

remain unexplored for SP composition, structure, and functions on dental biomaterials 

compared to dentition. Advances in this field should enable the design of better engineered 

dental biomaterials that harness the salivary pellicle for tailoring dental biomaterial function 

and improving patient outcomes in dentistry.
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Highlights

1. We review salivary pellicle formation on dental biomaterial surfaces.

2. Pellicle measurement methods and factors that affect formation are 

summarized.

3. We survey effects salivary pellicles have on dental biomaterial function.

4. We finally highlight implications for dental biomaterial design.
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Figure 1: 
Schematic overview of dental biomaterial surface properties that can lead to differences in 

salivary pellicle formation and the resultant dental biomaterials outcomes this may drive. 1) 

Salivary pellicle composition can drive differences in biofilm bacterial content and activity. 

2) Salivary pellicle formation can stain dental biomaterials. 3) Salivary pellicles can affect 

tribological properties and wear of dental biomaterials.
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Figure 2: 
Overview of analytical techniques used to analyze SP formation. A) TEM micrograph of an 

in situ salivary pellicle formed on enamel after exposure to saliva at 37 °C for 90 min [65]. 

B) Adsorption kinetics of lactoferrin on hydrophilic silica (Δ) and hydrophobized silica (×) 

determined via ellipsometry [66]. C) Immunoblot following Coomassie (detects proteins) 

and periodic acid Schiff stain (detects glycoproteins) of salivary pellicles collected from 

various surfaces [67]. D) Atomic force micrographs of a hydroxyapatite surface before (left) 

and after (right) salivary pellicle formation [68]. E) Adsorption kinetics of saliva on 

hydroxyapatite via QCM-D with raw data and fitted Voigt modelled data [68]. F) Relative 

abundance of predominant proteins in an SP formed on feldspar ceramic compared to whole 

saliva using label-free quantitative nano-LC-MS/MS (liquid chromatography-mass 

spectrometry/mass spectrometry) [69]. All figures were reproduced with permission from 

the publisher.
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Table 2:

SP harvesting techniques used to obtain analyte for SDS-PAGE.

SDS-Page Solution Scrubbing Notes Reference

X [90]

X SDS and pellicle were boiled together [72]

0.5-M of sodium chloride [48]

Mixture of Tween 80 and Triton X-100 [79]

X [62]

X SDS and pellicle were boiled together [80]

X X [54]

X X [91]

X X [72]
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Table 3:

SP harvesting techniques used in vivo.

Technique Reference

Scrapped and collected on a glass wool plug [98]

Swabbed with filter paper soaked in citric acid [78]

Swabbed with filter paper soaked in citric acid [99]

Swabbed with membrane paper [80]

Scrapped and collected on a glass wool plug [47]

Scrapped and collected on a glass wool plug [100]

Swabbed with sodium bicarbonate soaked membrane paper [101]

Swabbed with sodium bicarbonate soaked membrane paper [64]

Swabbed with sodium bicarbonate soaked PVDF paper [102]

Filter paper soaked in citric acid [103]

Whole extracted teeth placed in hydrochloric acid and scrapped [104]

Scrapped and collected on a glass wool plug [105]

Scaled [106]

Swabbed with calcium chloride solution on filter paper and scrapped [97]

Scrapped and suctioned [107]

Scrapped and placed onto PVDF [108]

PVDF: Polyvinylidene fluoride

Colloids Surf B Biointerfaces. Author manuscript; available in PMC 2022 April 01.


	Abstract
	Graphical Abstract
	Introduction
	Salivary Pellicle Formation
	General Characteristics of Salivary Pellicle Formation
	Salivary Pellicle Formation on Dental Biomaterials
	Early, Foundational Research About Salivary Pellicle Formation on Dental Biomaterials
	Salivary Pellicle Formation on PMMA and Other Polymeric Dental Biomaterials
	Salivary Pellicle Formation on Resin Composites
	Salivary Pellicle Formation on Metals


	Characterizing Salivary Pellicles
	Effects of Salivary Pellicles on Dental Biomaterials
	Effects of Salivary Pellicles on Dental Biomaterial Lubrication and Wear
	Effects of Salivary Pellicles on Dental Biomaterial Erosion
	Effects of Salivary Pellicles on Dental Biomaterial Staining
	Effects of Salivary Pellicles on Microbial Interactions

	Design of Dental Biomaterials That Modulate the Salivary Pellicles: Present and Future Considerations
	Conclusions
	References
	Figure 1:
	Figure 2:
	Table 1:
	Table 2:
	Table 3:

