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Minor salivary glands and dental caries: Approach 
towards a new horizon

Abstract
Introduction: Reduction of functioning minor salivary glands may contribute to emergence of mucosal infections, mucosal 
ulceration, and possibly dental caries. A study was, therefore, designed to understand the exact role of minor salivary gland 
secretions over dental caries. Methodology: We studied the average labial distribution of functional minor salivary glands using 
various pre‑defined locations, counted the minor salivary gland secretion imprints, and correlated the decayed missing filledlevels 
in subjects. The functional level and amount of secretion of minor salivary gland were evaluated. The radial immunodiffusion 
was performed by Diffu‑Plate kit and the dimensions of the ring were correlated with the amount of immunoglobulin A in saliva. 
Results: The mean number of functional labial minor salivary glands, amount of secretion, level of glycoprotein secretion, and 
immunoglobulin A secretion levels could very well dictate the functional status and role of minor salivary glands over caries 
assessment. Conclusion: The above‑mentioned tests could be of major significance in routine diagnosis of the most common 
oral disease, i.e., dental caries.
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INTRODUCTION

Saliva is commonly referred to as the blood stream of  
oral cavity. It has many functions, one of  the major 
functions being protection of  teeth against dental caries. 
There are many components in saliva, each one having a 
specific role in the prevention of  dental caries.[1] Whole 
saliva is a product of  secretion of  three major glands 
(parotid, submandibular, and sublingual) and many minor 
glands (labial, buccal, palatal).[2] Minor salivary glands are 
distributed throughout the human oral cavity. These glands 
can be found on the lower and upper lips, the cheeks, 
much of  the palate, and the tongue.[3] The minor salivary 
glands contribute 0‑8% of  the total daily volume of  saliva 
and produce four times as much immunoglobulin as other 

glands.[4] For example, over one‑third of  the secretary 
immunoglobulin A  (IgA) in whole saliva is secreted by 
the minor salivary glands.[5] These are the main source of  
glycoproteins and their protective mechanisms involve 
mechanical, biochemical, and immunological reactions.

Streptococcusmutans has been implicated as the principal 
causative agent of  human dental caries and salivary 
antibodies enhance antibacterial mechanisms by 
potentiating innate defenses.[3] Several laboratories have 
shown that salivary immunoglobulin A (SIgA) and serum 
antibodies are important in preventing dental caries in 
humans and animals; however, some studies show the 
protective effects of  SIgA antibodies, whereas others 
support serum antibody‑mediated control of  carious 
lesions.[3] SIgA is presumed to prevent the adherence of  
cariogenic microorganisms to hard surfaces and are also 
supposed to inhibit the activity of  glucosyltransferases.[6]

SIgA is a secretory immunoglobulin and is different from 
the serum IgA by having a dimeric structure compared to 
the monomeric structure of  the latter. SIgA contributes 60% 
of  the total immunoglobulin count in the saliva and helps 
in the antibacterial action of  the saliva by neutralizing the 
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bacterial toxins and enzymes, and preventing the adherence 
of  the bacteria to the tooth surface by blockage of  bacterial 
adhesions, reduction of  hydrophobicity, and agglutination 
of  the bacteria.[1,7] Previous investigations on the role of  IgA 
in dental caries have reported contradictory results. Some 
authors reported higher levels of  SIgA in caries‑resistant 
individuals in relation to caries‑susceptible ones, suggesting 
an effective protective function.[1] Radial immunodiffusionis 
the most applicable method for detecting SIgA as reported 
in literature. However, there are more sensitive and 
automatic methods such as nephelometry and Enzyme 
Linked Immuno Sorbent Essay ELISA.[2]

This study was therefore planned to ascertain the 
relationship of  dental caries with: (1) Average number 
of  functional labial minor salivary glands, (2) amount of  
secretion from labial minor salivary glands, (3) functional 
levels in terms of  glycoprotein secretion of  labial minor 
salivary glands, and also  (4) correlationof  the IgA 
estimations from whole saliva using radial immunodiffusion 
was performed in relation to dental caries.

METHODOLOGY

The average numbers of  functional labial minor salivary 
glands were counted using the locations suggested by 
Shern et al.[5]  The numbers of  active minor salivary glands were 
counted after 20 s of  drying the mucosa. The droplets were 
colored using 1% toluidine blue for ease of  identification.

The amount of  secretion was ascertained using the 
method suggested by Gaubenstock.[8] The average of  
the difference of  post‑weight and pre‑weight of  4 mm 
diameter chromatography paper disc suggests the amount 
of  secretion. The 6 × 16 mm chromatography strip was 
placed 4 mm from bottom of  the vestibule.

The level of  glycoprotein secretion was ascertained using 
the same chromatography paper strip which was stained 
with periodic acid 0.104 mol/l for 3 min and the diameter 
of  the ring was calculated.

As for the correlation of  IgA secretion with dental caries, 
radial immunodiffusion was chosen as a reliable method 
and hence 5 µl of  centrifuged whole saliva was placed in 
the wells and incubated at 37°C for 24 h. The sharp ring 
of  immunoprecipitation was measured.[7]

RESULTS

The mean number of  minor salivary glands [Figure  1] 
was significantly lower in control as compared to cases 
(collectively) for both upper and lower lips. Comparison 
of  control with Group I Decayed Missing Filled Teeth 
(1‑5) did not show a significant difference for upper lip 
(P  = 0.169) though the mean difference for lower lip 
was significant statistically  (P  =  0.025). Group  II had 
significantly lower mean value as compared to control as 
well as Group I for both upper and lower lips (P < 0.001)
[Table 1].

The average amount of  secretion of  labial minor 
salivary glands and average functional levels in terms 
of  glycoprotein secretion [Figures  2 and 3] showed a 
statistically significant difference between controls and 
cases with controls showing significantly lower grades as 
compared to cases (P < 0.05) for both upper and lower lips. 
However, on comparing the control with Group I only, 
no statistically significant difference between two groups 
was observed for either of  the two lips. But comparison 
between control group as well as Group I with Group II 
showed a statistically significant difference for both upper 
and lower lips (P < 0.001) [Tables 2 and 3].

Comparison of  ring diameter and IgA levels using 
radial immunodiffusion [Figure 4] revealed a statistically 
significant difference for all the comparisons. It was 

Table 1: Average number of labial minor salivary glands
Control (20 cases) DMFT=1‑5 (11 cases) (group I) DMFT=6‑10 (9 cases) (group II)

Upper lip Lower lip Upper lip Lower lip Upper lip Lower lip
15 17.3 12.4 16 5.5 7.6

14.50±1.67 17.75±1.45 12.45±4.27 16.00±2.05 5.56±1.13 7.67±1.41
Upper lip: χ2=21.710, P=0.001 (Kruskal-Wallis test) (non‑parametric ANOVA); Lower lip: c2=23.724, P<0.001 (Kruskal-Wallis test) (non‑parametric ANOVA), DMFT: Decayed 
Missing filled teeth

Figure 1: Droplets from minor salivary glands stained with 1% toluidine 
blue
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observed that for both the variables, the mean value of  
control group was significantly higher as compared to 

that of  Group I and Group II, whereas the mean value of  
Group I was significantly higher as compared to Group II 
[Table 4] [Figures 5 and 6].

DISCUSSION

An inverse correlation was observed between the number, 
quality, and quantity of  secretion of  labial minor salivary 
glands with DMFT which were similar to the findings of  
Shern et al.,[5] Smith et al.,[3] and Gaubenstock.[8] However, 
all the afore‑mentioned methods with simple techniques 
were used together in this study, making the study unique. 
Also, application of  IgA estimation could help to confirm 
the findings of  functional status of  labial minor salivary 
glands in dental caries. The presence of  significant 
quantities of  immunoglobulin of  three isotopes (IgA, 
IgG, and IgM) in minorgland saliva theoretically enhances 
the antibacterial potential within the respective secretory 

Table 2: Average functional levels in terms of glycoprotein secretion (represented by diameter of ring)
Diameter of ring Control (20 cases) DMFT=1‑5 (11 cases) DMFT=6‑10 (9 cases)

Upper lip Lower lip Upper lip Lower lip Upper lip Lower lip
I 16 18 6 7 ‑ ‑
II 4 2 5 4 2 4
III ‑ ‑ ‑ ‑ 4 2
IV ‑ ‑ ‑ ‑ 3 3

Upper lip: c2=23.132, P<0.001 (Kruskal-Wallis test) (non‑parametric ANOVA), Lower lip: c2=24.534, P<0.001 (Kruskal-Wallis test) (non‑parametric ANOVA), I: Diameter of ring: 
3 mm or larger, II: 2.00‑2.99 mm, III: 1.00‑1.99 mm, IV: 0.01‑0.09 mm, DMFT: Decayed missing filled teeth

Table 3: Average amount of secretion of labial minor salivary glands
Amount of secretion Control (20 cases) DMFT=1‑5 (11 cases) DMFT=6‑10 (9 cases)

Upper lip Lower lip Upper lip Lower lip Upper lip Lower lip
I’ 15 17 8 8 ‑ 2
II’ 5 3 3 3 3 1
III’ ‑ ‑ ‑ ‑ 3 3
IV’ ‑ ‑ ‑ ‑ 3 3

Upper lip: c2=21.631, P<.001 (Kruskal-Wallis test) (non‑parametric ANOVA), Lower lip: c2=15.454, P<0.001 (Kruskal-Wallis test) (non‑parametric ANOVA), I’: 0.99±0.51 mg/min, 
II’: 0.72±0.09 mg min, III’: 0.30+/‑0.06 mg/min, IV’: 0.18±0.09 mg/min, DMFT: Decayed missing filled teeth

Figure 2: Collection of secretions using paper discs Figure 3: Glycoprotein estimation through diameter of droplets stained 
with periodic acid

Figure 4: Immunoglobulin Aestimation by measuring sharp 
immunoprecipitation ring
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micro‑environments.[3] The SIgA has two antigenically 
distinct components. One of  the components appears 
immunochemically identical to serum IgA. The other 
component is immunochemically identical to a protein, 
the “transport piece,” found in the saliva of  patients 
completely lacking both serum and SIgA. Thus far, the 
IgA component has been found only in combination with 
the transport piece component in the saliva of  children 
and adults. However, the transport piece is also present 
in an unbound form in the saliva of  most children and 
some adults. It may be that transport piece is present in 
free form in young children’s saliva because of  the gradual 
increase in IgA production during childhood. The IgA 
serum levels rise slowly with age and reach average adult 
levels around puberty.[9]

Eliasson et  al.[10] stated that the major sIgA is found in 
high concentrations in labial than in other minor salivary 
glands and this saliva could be easily harvested as small 
droplets. SIgA represents an immune glycoprotein and is 
helpful in predicting caries status as also highlighted by 
Yoo et al.[11]  The method has further advantages in that it is 
not susceptible to error from the fluid in the labial sulcus, it 
permits smaller volumes to be accurately measured, and it 
allows flow rates from individual glands and from defined 
areas of  mucosa to be determined. It provides a permanent 
record of  observations which include the distribution and 
the numbers of  active glands in the area studied. Although 
it is excellent for measuring unstimulated flow, it is suitable 

only for measuring stimulated flow over short intervals 
because of  the rapid increase in droplet size which leads to 
fusion and non‑spherical drops. It should be pointed out, 
however, that the measurement of  the drop dimensions 
becomes more precise as the drops increase in size. The 
earlier, smaller drops appear similar in shape to the larger 
but cannot be measured with the same precision.[12]

The selection of  subjects was based on the concept that 
any natural immunity to caries would be best revealed by a 
comparison of  antibody titers in subjects of  low and high 
caries experience. For a valid comparison, these subjects 
should be free of  carious lesions because, if  caries is a 
bacterial infection which induces an immune response, 
antibody titers in subjects with carious lesions might be 
expected to differ from a matched group without lesions.[13]

In subjects of  low DMFT, SIgA contributes to oral clearance 
by agglutination of  cariogenic organisms, which prevents 
their colonization on the tooth surfaces. Hence, the SIgA 
estimation was inversely related to DMFT as supported by 
Bolton et al.,[6] Gregory et al.,[3] and Jafarzadeh et al.[14] but 
was in negative concordance to Roushdy[7] who stated 
that higher levels of  microbial antigenic loads present 
in individuals with high DMFT probably increases the 
immune reaction which leads to high levels of  SIgA 
production. Challacomb[13] stated that SIgA is not directly 
related to protection against dental caries, but reflects a 
past exposure of  the host to cariogenic microorganisms. 

Table 4: Correlation of immunoglobulin A estimation by radial immunodiffusion and DMFT
Control (20 cases) DMFT=1‑5 (11 cases) DMFT=6‑10 (9 cases)

Ring diameter (mm) IgA level (mg/dl) Ring diameter (mm) IgA level (mg/dl) Ring diameter (mm) IgA level (mg/dl)
9.2 463.73 7.17 374.86 5.5 180.15

8.95±0.16 638.43±27.06 7.17±0.63 376.68±83.3 5.53±0.61 180.16±61.46
Ring diameter: c2=32.862, P<.001 (Kruskal-Wallis test) (non‑parametric ANOVA), IgA level: c2=32.862, P<0.001 (Kruskal-Wallis test) (non‑parametric ANOVA), DMFT: Decayed 
Missing filled teeth, IgA: Immunoglobulin A

Figure 5: Mean ring diameters in different groups Figure 6: Mean immunoglobulin A levels in different groups
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High levels of  salivary antibodies have been found to be 
related to dental caries. Patients with dental caries show high 
amounts of  acidogenic microorganisms, such as S.mutans 
in their oral cavities. The presence of  caries lesions can 
lead to more retentive areas for dental plaque accumulation 
and more difficulty in carrying out good oral hygiene. 
This may be the reason for the high levels of  S.mutans 
detected in their saliva. Furthermore, higher levels of  
microbial antigenic loads present in the oral cavity of  these 
individuals probably increases the immune reaction which 
leads to high levels of  antibody production. Sroisiri et al. 
(2008)[15] demonstrated that, the presence of  dental caries 
was associated with increased SIgA, S.mutans levels in the 
oral cavity. The adherence to oral mucosa and teeth is the 
first important step for bacteria in colonizing the oral cavity. 
SIgA may interfere with this process by blocking adhesins, 
reducing hydrophobicity, or aggregating bacteria. SIgA has 
been shown to inhibit the adherence of  oral bacteria to 
oral epithelial cells.[16]

The proposed study proves useful as a diagnostic aid and 
as a research tool. For example, it can be used to monitor 
the moisture produced on the mucosa by the secretions of  
minor salivary glands in various states of  health and disease. 
Thus, this method could provide an objective assessment 
of  the level of  dysfunction of  minor salivary glands of  
individuals whose secretary capacity is compromised by, for 
example, the effects of  Sjogren’s syndrome or headandneck 
radiation. Also, because the method is non‑destructive, the 
secretion can be eluted from the paper for microbiological, 
chemical, or immunological analysis. This characteristic 
allows the researcher to establish accurately the volume 
in which the constituent of  interest is dissolved, and to 
calculate the concentrations of  specific components. 
Despite the foregoing potential advantages, the method has 
limitations that should be considered. The sampling strip 
might pick up residual moisture remaining on the mucosa 
following drying procedures, in addition to secretions at 
the orifice of  the minor salivary glands. Furthermore, the 
number of  glands under the sampling strip is unknown. 
Hence, the method provides a flow rate per unit area of  
the mucosa, not a flow rate per gland. Preliminary findings 
indicate the necessity of  standardization of  the tissue drying 
procedure and the exact repositioning of  the paper strip.[5]

CONCLUSION

Dental caries is considered the most common infectious 
disease of  oral cavity. Estimation of  number, quality, and 

quantity of  minor salivary gland secretion due to its easy 
identifiability, simplicity, and reproducibility proves to have 
a strong predictive value in identifying caries susceptible 
population in routine diagnostics. These can therefore be 
employed in mass screening under limited resources and 
low technical expertise.
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