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Abstract. Tooth erosions exposing dentin can cause dentin hypersensitivity treated 
by reducing hydraulic conductance of the dentin. We aimed to determine the ef-
fect of cow, buffalo, soy, and high-calcium milk on the hydraulic conductance of 
dentin. We obtained 36 human extracted premolars and sectioned each one trans-
versely, 2 mm below the cemento-enamel junction. We then exposed the dentin 
by cutting a 3 mm diameter, 3 mm deep cavity into the buccal cusp of each tooth. 
Twenty-four teeth were used for the hydraulic conductance measurements and 
the other 12 teeth were for examination of morphology of exposed dentin after 
treatment with each test agent using a scanning electron microscope (SEM). Each 
of the 24 teeth was subjected to all test materials by sequential random treatment 
with cow’s milk, buffalo milk, soy milk and high-calcium milk. After each treat-
ment, the treated dentin surface was re-etched with 37% phosphoric acid for 30 
seconds to reopen dentinal tubule and then re-measured the baseline hydraulic 
conductance. In the final treatment, dentin was applied with 3% potassium tetra-
oxalate. The cow’s milk, buffalo milk, soy milk, high-calcium milk and 3% potas-
sium tetraoxalate reduced hydraulic conductance by 9.4%, 15.9%, 8.2%, 14.0% and 
71.1%, respectively, from their baseline values (p≤0.001, paired t-test). The buffalo 
milk and high-calcium milk reduced hydraulic conductance significantly more 
than the cow’s milk and soy milk (p≤0.001, one-way RM ANOVA). SEM showed 
potassium oxalate occluded tubules most effectively, followed by buffalo milk, 
high-calcium milk, cow’s milk and soy milk. This suggests buffalo milk and high-
calcium milk may be more effective at reducing dentin hypersensitivity.
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INTRODUCTION

Dentin hypersensitivity is an oral 
health problem with prevalence rates 

ranging between 3% and 98% (Splieth 
and Tachou, 2013). This wide range in 
prevalence may be explained by different 
selection criteria for study samples, and 
variations in diagnostic approaches and/
or time-frames (Splieth and Tachou, 2013). 
About 25-30% of adults report dentin 
hypersensitivity affecting quality of life 
(Flynn et al, 1985; Amarasena et al, 2011). 
The prevalence of erosions exposing den-
tin and causing hypersensitivity appears 
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to have increased among younger adults 
(Bamise et al, 2010).

Dentin hypersensitivity is defined as 
a short, sharp pain arising from exposed 
dentin in response to stimuli (thermal, 
evaporative, tactile, osmotic or chemical) 
which cannot be explained by other dental 
defects or pathology (Addy, 1990; Holland 
et al, 1997). These stimuli can generate 
impulses in the intradental nerves via a 
common sensory transduction mechanism 
detecting fluid movement in the dentinal 
tubules (Andrew and Matthews, 2000). 
Exposed dentinal tubules act as hydraulic 
links between the site of stimulation and 
the nerve endings, which are located ei-
ther in the pulpal ends of the tubules or in 
the underlying pulp (Vongsavan and Mat-
thews, 2007). The hydrodynamic theory 
is the most accepted explanation of this 
phenomenon (Brännström, 1963; Pashley 
et al, 1996; Andrew and Matthews, 2000; 
Orchardson and Cadden, 2001; Vongsavan 
and Matthews, 2007).

If dentin sensitivity is due to hydro-
dynamic fluid movement, decreased den-
tin permeability should decrease dentin 
sensitivity (Pashley et al, 1984). A decrease 
in the functional radius of the dentinal 
tubule should reduce the fluid flow rate 
in the tubule, or reduce the hydraulic con-
ductance of the dentin (ie, the ease with 
which fluid can flow across the dentin), 
thus reducing dentin sensitivity. Dentinal 
tubule-occluding agents have been used 
clinically to reduce hypersensitivity; for 
example Sensodyne toothpaste (active 
ingredient, strontium chloride), which 
reduces hydraulic conductance by 5.20% 
in vitro (Pashley et al, 1984).

Many desensitizing agents have been 
proposed, such as 8% arginine/calcium 
carbonate paste, 8% strontium acetate 
base paste, and milk protein casein GC 

Tooth Mousse (Recaldent, GC Corp, Ja-
pan) (Schiff et al, 2011; Sabir et al, 2015). 
Sabir et al (2015) found rinsing with milk 
is effective in reducing dentin hypersensi-
tivity after periodontal procedures. 

Milk contains protein and calcium, 
which may play a role in remineralization 
and occlusion of dentinal tubules (Sabir 
et al, 2015). Kijsamanmith et al (2018) re-
ported cow’s milk decreased hydraulic 
conductance of human dentin by 15%, 
which was not significantly different from 
a desensitizing dentifrice containing pro-
argin (Colgate Sensitive Pro-reliefTM) and 
a toothpaste containing strontium acetate 
(Sensodine®  Rapid Relief), but was signifi-
cantly lower than 3% potassium tetraoxa-
late. Milk composition varies by species 
(Rafiq et al, 2016). Caseins and whey are the 
main milk proteins and are found in differ-
ent ratios depending on the species (Rafiq 
et al, 2016). Soy milk typically contains 
water, protein, oil, simple carbohydrates 
(sugar) and mineral salts (Friedman and 
Brandon, 2001). Soy milk is often promoted 
as a healthy alternative to bovine milk, 
since it contains lecithin, isoflavones, and 
vitamin E, does not contain lactose and has 
less saturated fat than bovine milk (Fried-
man and Brandon, 2001; Matthews et al, 
2011). Therefore, it is useful to determine 
the effect of cow’s milk, buffalo milk, soy 
milk and high-calcium milk on the hydrau-
lic conductance of human dentin, in order 
to determine which is more effective in 
treating dentin hypersensitivity.

MATERIALS AND METHODS

Tooth preparation
We conducted a study on 36 healthy 

premolars extracted for orthodontic treat-
ments. All the teeth were fully erupted, 
free of caries, without restorations, and 
intact. After extraction, the teeth were 
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kept in 0.9% normal saline solution with 
amoxicillin (500 mg/l) and used within 2 
weeks. Twenty-four premolars were used 
to measure hydraulic conductance, while 
twelve were examined by scanning elec-
tron microscopy (SEM).

Each tooth was sectioned transversely 
1-2 mm below the cemento-enamel junc-
tion to remove the roots, using a diamond 
disc (Komet type 917; Komet Dental Gebr 
Brasseler, Lemgo, Germany) under water 
coolant. The coronal pulp was removed, 
and a cavity 3 mm in diameter and 3 mm 
deep was prepared in the buccal cusp us-
ing a diamond burs (Intensive® No.204, 
Viganello-Lugano, Switzerland) with a 
high speed hand-piece under water spray. 
The exposed dentin was prevented from 
drying using normal saline solution.
Hydraulic conductance measurements

After preparing each tooth, 24 premo-
lar crown specimens were used for the hy-
draulic conductance measurements. The 
crown segments were connected to the 
fluid movement model system following 
the procedure of Kijsamanmith et al (2018). 
Hydraulic conductance was measured by 
following the movement of an air bubble 
in a capillary (internal diameter 300 µm, 
Supracaps Cat No. 709007) (Fig 1). System 

pressure was controlled by attaching the 
tubing from the capillary to a manometer. 
Fluid flow measurements were recorded; 
the pulpal pressure was maintained at 
100 mmHg (13.33 KPa). Three consecutive 
measurements were taken and hydraulic 
conductance (Lp) was calculated using the 
following equation:

Lp = (Flow rate / Pressure) / Area of 
dentin exposed.
Treatment regimens

After the tooth was prepared, the 
dentin surfaces were etched with 37% 
phosphoric acid (Ivoclar Vivadent AG, 
FL-9494 Schaan, Liechtenstein) for 30 sec-
onds, to remove the smear layer created 
during the preparation process. Distilled 
water (negative control) was placed in 
the cavity after the smear layer had been 
removed for 5 minutes at a pulp pressure 
of 11 mmHg (1.46 KPa) above atmospheric 
pressure (Vongsavan and Matthews, 
1992). The baseline value for hydraulic 
conductance through dentin was recorded 
at a pressure of 100 mmHg (Kijsamanmith 
et al, 2018). Each of the study 24 teeth was 
subjected to all test agents by sequen-
tial random treatment with cow’s milk 
(Meiji, Saraburi, Thailand), buffalo milk 
(Murah Farm, Chachoengsao, Thailand), 

Fig 1	 - Diagram of the experimental set-up for measuring fluid flow through dentin in vitro (not to 
scale).
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soy milk (Ohayo®, Pathum Thani, Thai-
land), and high-calcium milk (AnleneTM, 
Nakhon Sawan, Thailand). Of the 24 test 
specimens, each studied milk type had 
an equal chance of being used first in the 
order of treatment. For each treatment, 
the studied milk was applied to the stud-
ied cavity for 5 minutes and rinsed with 
distilled water for 15 seconds. During the 
application of each agent, the tubule pres-
sure was maintained at 11 mmHg (1.46 
KPa) to represent normal pulpal tissue 
fluid pressure (Vongsavan and Matthews, 
1992). A fluid-filtration method was then 
used to measure the hydraulic conduc-
tance of the treated dentin with a posi-
tive pulpal pressure of 100 mmHg (13.33 
KPa), as described above. After measuring 
hydraulic conductance of the first milk 
treatment, the cavity was re-etched with 
37% phosphoric acid for 30 seconds and 
a pressure of 300 mmHg was applied to 
remove any remaining agent occluding 
the dentinal tubules. Baseline hydraulic 
conductance was again measured before 
treatment with the other studied milk. 
Exactly the same procedure was repeated 
on the same dentin for all other studied 
milk. Finally, the hydraulic conductance 
of dentin was confirmed before and after 
treatment with 3% potassium tetraoxalate 
(positive control).

After these measurements, each tooth 
was sectioned buccolingually through the 
cavity and the remaining dentin thick-
ness, or the minimal length between the 
pulpal horn and the floor of the cavity, was 
measured using a digital veneer caliper to 
control the length of the dentinal tubules 
(Kijsamanmith et al, 2016).

Scanning electron microscopy 
After cavity preparation and smear 

layer removal, twelve crown specimens 
were divided randomly into 6 groups 

(two specimens each group) and exam-
ined under SEM. In each tooth, only one 
treatment was conducted. In group 1, no 
treatment was conducted on the exposed 
acid-etched dentin surface. In groups 2, 3, 
4, and 5, the cavity was filled for 5 minutes 
with cow’s milk, buffalo milk, soy milk, 
and high-calcium milk, respectively. In 
group 6, the exposed acid-etched dentin 
was treated with 3% potassium tetraoxa-
late for 5 minutes. All the teeth were dried 
overnight at room temperature. The speci-
mens were fixed to a stub with conductive 
adhesive tape (SPI Supplies, West Chester, 
PA) and sputter-coated under vacuum 
with gold-palladium (SPI-ModuleTM: SPI 
Supplies Division of Structure Probe, West 
Chester, PA), and examined by SEM (JSM-
5410 LV; JEOL, Tokyo, Japan).

The images were assessed for level 
of tubule occlusion by three different 
blinded reviewers. The visual assessment 
followed the protocol of Davies et al (2011) 
where grades 1, 2, 3, 4 and 5 were defined 
as 100%, 75%, 50%, 25% and 0 % of the 
tubules being occluded, respectively.
Statistical analysis

For each treatment, the mean [stan-
dard deviation (SD)] hydraulic conduc-
tance at baseline and after treatment was 
compared using the paired t-test. A p-
value < 0.05 was considered statistically 
significant. Reductions in percentages of 
hydraulic conductance were recorded as 
mean and SD. Comparisons among the 
different milk types were made using the 
one-way repeated-measures analysis of 
variances (one-way RM ANOVA). The 
Tukey test was used to make comparisons 
among means.
Ethical considerations

The study protocol was approved 
by the Institutional Review Board, Fac-
ulty of Dentistry/Faculty of Pharmacy, 
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Mahidol University (COE. No. MU-IRB 
2011/029.2211).

RESULTS

After acid-etching with 37% phos-
phoric acid for 30 seconds, baseline hy-
draulic conductance was determined, to 
permit the maximum hydraulic conduc-
tance for each specimen. The mean (±SD) 
hydraulic conductance values before 
treatment with the cow’s milk, buffalo 
milk, soy milk, high-calcium milk and 
3% potassium tetraoxalate groups were 
1.30 (±1.35) x 10-2 nL/s mm2 mmHg, 1.34 
(±1.41) x 10-2 nL/s mm2 mmHg, 1.27 (±1.32) 
x 10-2 nL/s mm2 mmHg, 1.22 (±1.25) x 10-2 
nL/s mm2 mmHg and 1.47 (±1.82) x 10-2 
nL/s mm2 mmHg, respectively. The mean 
hydraulic conductance before treatment 
in all groups were not significantly differ-

ent (p=0.248, one-way RM ANOVA). The 
mean (±SD) hydraulic conductance values 
after treatment in the cow’s milk, buffalo 
milk, soy milk, high-calcium milk and 3% 
potassium tetraoxalate groups were: 1.17 
(±1.24) x 10-2 nL/s mm2 mmHg (p<0.001, 
paired t-test), 1.15 (±1.22) x 10-2 nL/s mm2 

mmHg (p<0.001), 1.17 (±1.22) x 10-2 nL/s 
mm2 mmHg (p<0.001), 1.06 (±1.09) x 10-2 
nL/s mm2 mmHg (p<0.001) and 0.30 (± 
0.86) x 10-2 nL/s mm2 mmHg (p<0.001), 
respectively (Fig 2). 

All the studied milk groups signifi-
cantly reduced the hydraulic conductance 
of human dentin in the extracted teeth. 
The percentage reductions in hydraulic 
conductance in the cow’s milk, buffalo 
milk, soy milk, high-calcium milk and 3% 
potassium tetraoxalate groups were 9.4%, 
15.9%, 8.2%, 14.0% and 71.1%, respectively. 

Fig 2	 - Mean values for hydraulic conductance by studied agent. The line above each bar represents 
1 standard deviation. *After treatment hydraulic conductance was significantly lower than 
before treatment (p < 0.001).
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The buffalo milk and high-calcium milk 
reduced hydraulic conductance signifi-
cantly more than cow’s milk and soy milk 
groups (p≤0.001, one-way RM ANOVA, 
Tukey test) (Fig 3). The average remain-
ing dentin thickness was 1.85±0.37 mm.

SEM showed all 4 studied milk types 
and 3% potassium tetraoxalate occluded 
dentinal tubules. The potassium tetra-
oxalate occluded tubules most effectively, 
followed by buffalo milk, high-calcium 
milk, cow’s milk and soy milk (Fig 4). 
Group 1(untreated group) had a clean 
dentin surface with open dentinal tubule 
orifices, with each tubule having approxi-
mately the same diameter. The cow’s milk 
and soy milk treated teeth were classified 
as having grade 3 occlusion. The buffalo 
milk and high-calcium milk were classi-
fied as having grade 2 occlusion. The 3% 
potassium tetraoxalate treated teeth were 
classified as having grade 1 occlusion. The 

untreated group was classified as having 
grade 5 occlusion.

DISCUSSION

Our study results show several milk 
products can reduce hydraulic conduc-
tance of human dentin in vitro. Both 
cow’s milk and buffalo milk contained 
casein phosphopeptide-stabilized calcium 
phosphates, which exhibit remineralizing 
potential (Mcdougall, 1977; Featherstone 
and Zero, 1992; Cochrane et al, 2010). Ca-
sein protein and high-molecular-weight 
proteins may also precipitate calcium to 
occlude dentinal tubules, resulting in re-
duced hydraulic conductance in dentin 
(Kijsamanmith et al, 2018).

Cow’s milk contains 30-35 grams of 
protein per liter, of which about 80% is ar-
ranged in casein micelles (Aimutis, 2004). 
Besides casein, milk also contains other 

Fig 3-	Percent reduction in hydraulic conductance by studied agent. Line represents 1 standard 
deviation. Same lower-case letter represents no significant difference.
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types of proteins, such as arginine-rich 
protein, which can help occlude dentinal 
tubules by working with calcium carbon-
ate and phosphate to create a dentinal-
tubule plug (Cummins, 2010). Buffalo 
milk is consumed in many countries, es-
pecially in South Asia, with India, China, 
and Pakistan being the largest consumers 
(Rafiq et al, 2016). Buffalo milk has been 
reported to contain higher protein, cal-
cium and phosphate concentrations than 
cow’s milk (Rafiq et al, 2016). In our study, 

buffalo milk and high-calcium milk were 
more effective than cow’s milk and soy 
milk in reducing hydraulic conductance. 

Soy milk contains soy protein, which 
is rich in sulfur-containing amino acids 
and resembles casein protein in animal 
milk (Friedman and Brandon, 2001). The 
negative charges in soy milk bind to cal-
cium, occlude the dentinal tubules and re-
duce the hydraulic conductance of dentin 
(Friedman and Brandon, 2001). Although 
cow’s milk contains more calcium than 

Fig 4	 - Scanning electron micrographs (3,500 x magnification) of studied dentin treated by A) 37% 
phosphoric acid, B) buffalo milk, C) high-calcium milk, D) cow’s milk, E) soy milk, F) 3% 
potassium tetraoxalate.
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soy milk, no significant difference was 
seen in the percent reduction in hydraulic 
conductance between them in our study.

The greatest reduction in hydraulic 
conductance in our study was seen with 
potassium tetraoxalate, similar to previ-
ous studies (Pashley and Galloway, 1985; 
Pashley, 1986). Dentin treated with potas-
sium tetraoxalate caused calcium oxalate 
crystals to partially occlude dentinal tu-
bules. Calcium oxalate crystals block den-
tinal tubules, preventing fluid flow in the 
tubules, reducing hydraulic conductance 
(Greenhill and Pashley, 1981; Paes Leme 
et al, 2004).

In our study, cow’s milk occluded 
dentinal tubules, reducing dentin hyper-
sensitivity. Milk has also been found to 
promote remineralization of teeth (Feath-
erstone and Zero, 1992; Aimutis, 2004). 
To summarize, cow’s milk, buffalo milk, 
soy milk, high-calcium milk and potas-
sium tetraoxalate all significantly reduced 
dentinal tubule hydraulic conductance in 
human teeth. However, buffalo milk and 
high-calcium milk caused a significantly 
greater reduction in hydraulic conduc-
tance than cow’s milk and soy milk. The 
protein and calcium compositions of these 
milk products may have play a role in this 
reduction. Further studies are needed to 
evaluate this hypothesis.

Milk, especially buffalo and high-cal-
cium milk should be considered as natural 
desensitizing agents for those with dentin 
hypersensitivity.
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