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Abstract 
Aim:  To compare the tooth whitening efficiency of Sodium Ultraphosphate solution with 30% Hydrogen per 
oxide and McInnes solution using Ultraviolet–visible spectrophotometry. Methods: 60 human extracted central 
incisors were selected and decoronated. The samples were subjected to an artificial staining procedure for 3 
days using freshly prepared coffee extract. The samples were then washed under running water for 10 seconds 
and randomly divided into 3 groups with 20 samples each. The whitening procedure was carried out for 10 
minutes - Group 1 was treated with 10ml of 30 % Hydrogen per oxide solution and Group 2 with 30 ml of 
McInnes solution and Group 3 with 10ml of 20% 10ml of Sodium Ultraphosphate solution.  After 10 minutes the 
test solutions mixed with the removed caffeine stain from tooth samples were analyzed spectrophotometrically 
and the difference in the absorbance values of the solutions before and after stain removal is directly 
proportional to the amount of caffeine present. The results were statistically analyzed by One-way analysis of 
Variance followed by Tukey’s post hoc test. Results: The percentage of caffeine removed by Group 3 - 
Ultraphosphate solution was significantly higher (55%) then that of Group 1 - Hydrogen per oxide (48%) and 
Group 2- McInnes solution (2.98%). Conclusion: Our results clearly indicate that Sodium Ultraphosphate could 
be used as a potential stain remover in severely discolored tooth when compared to H2O2 and McInnes since it 
has got only a strong chelating action on tooth stains, without much adverse effect on dental hard and soft 
tissues. Development of a novel teeth stain removal system incorporating Sodium Ultraphosphate is expected 
in future. 
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Introduction 
 

One of the fastest growing areas of aesthetic 
dentistry today is the management of the 
discolored and hypoplastic dentition. The demand 
for an improved appearance and a brighter smile 
has made tooth whitening a very popular dental 
procedure. Tooth whitening offers a conservative 
treatment option and minimally invasive 
intervention for discolored teeth in comparison to 
resin bonded composites, porcelain veneers or 
crowns.1 Tooth bleaching procedures are based on 
a chemical oxidation-reduction reaction between 

the coloring substance (reducing agent) and the 
bleaching molecule (oxidizing agent).The 
oxidation reaction yields molecular oxygen, which 
is capable of penetrating the mineralized dental 
tissues without altering them and of degrading the 
pigments responsible for their coloration.2 The 
oxygen molecules enter the organic enamel-dentin 
matrix and dissociate the pigments by modifying 
the long dark-colored molecular chains and 
splitting them into smaller and lighter-colored 
molecules being the stain destroyer. 3 Tooth 
bleaching was first described in 1877. 
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 Dr. Walter Kane in 1916 used Hydrochloric 
acid to successfully remove fluorosis stains. In 
1937, Ames reported an alternative agent for 
removing fluorosis using 30% Hydrogen per 
oxide. 4 McInnes in 1966, reported a technique 
that combined 5 parts 30% Hydrogen peroxide, 
5 parts 36% Hydrochloric acid and 1 part Ethyl 
Ether for bleaching.1-3 Despite the increase in 
the number of tooth whitening agents, Post-
Operative sensitivity remains an unchanged 
adverse effect.4 Ultraphosphate is an inorganic 
phosphate (Poly P) due to its chelating 
properties it aids in stain removal and prevents 
stain deposition on the tooth surfaces.5 It has a 
branched mesh- like structure including a 
branched PO4 group in the molecule. 
Ultraphosphate with an average chain length of 
which is 10 to 30 phosphate residues and in 
particular, when the average chain length is 15 
or more, high whitening effect can be observed 
by improved chelation. The concentration of 
phosphate polymers is preferably 3.5 to 20% by 
weight.6 The polyphosphate may be added into 
the composition as a salt like sodium poly 
phosphate and potassium polyphosphate. This 
oral composition has high biocompatibility and 
high usability since it works well under neutral 
condition of pH 6.5 to 8 (or pH 6.9 to 7.5).7 

Ultraviolet–visible spectrophotometry (UV–Vis 
or UV/Vis) is routinely used in analytical 
chemistry for the quantitative determination of 
different analytes, such as transition metal ions, 
highly conjugated organic compounds, and 
biological macromolecules.8 According to the 
Beer–Lambert law the absorbance of a solution 
is directly proportional to the concentration of 
the absorbing species in the solution and the 
path length. 9 Thus, for a fixed path length, 
UV/Vis spectroscopy can be used to determine 
the concentration of the absorber in a solution. 
Hence the aim of this in- vitro study is to 
evaluate the Stain removal efficiency of this 
novel agent Ultraphosphate and is compared 
with two conventional bleaching agents – 30% 
Hydrogen peroxide and Mc Innes solution using 
Spectrophotometer. 

 

Materials and Methods 
 

The materials and the reagents used in the study 
are mentioned in Table 1. 
 
 
 

Table-1:  Materials and Reagents used 
Materials Working 

concentrations 
Characteristic
s 

Hydrogen 
peroxide 

30% Reagent grade 

McInnes 
Solution 

10 ml of 30% 
H2O2 

10 ml of 36% 
HCl 
2 ml anaesthetic 
ether 

Reagent grade 

Sodium 
Ultraphosphate 

20% Food-additive 
grade 

Nescafe 
Classico Dark 
Roast Instant 
Coffee 

5.5 grams Commercial 
product 

 

Sample preparation 
Sixty human maxillary central incisors extracted 
for periodontal reasons were collected and 
stored in 0.9% Sodium chloride. The teeth were 
decoronated at the CEJ under copious irrigation 
using a diamond disc and washed under running 
water. The canal orifices were sealed using 
tooth- colored acrylic resin. The enamel was 
roughly exposed by using water resistant paper 
and surface irregularities were created using 
round end tapered diamond bur. Final wash with 
distilled water was done for 10 minutes. (Fig: 1-
a, b) 
 

Preparation of coffee extract 
In order to artificially stain the samples, coffee 
extract solution was prepared by dissolving 
5.5grams of instant coffee powder in 80 ml of 
boiling water at 100˚C (Fig:2 a). The maximum 
absorbent value (λ max) of this prepared coffee 
solution was measured using 
Spectrophotometer. The tooth samples were 
immersed in the prepared coffee extract for 72 
hours. After 3 days the samples were washed 
with distilled water for 10 seconds and the dried. 
After drying they were randomly divided into 3 
groups of 20 samples each based on the 
whitening solutions used. (Fig: 2 b) 
 

a) Preparation of test solutions  
Group 1: 20ml of 30% Hydrogen per oxide 
solution at pH 5.5 (Fig 3a). 
Group 2: McInnes solution was prepared by 
mixing 10ml 36% Hydrochloric acid. 10ml of 
30% Hydrogen peroxide and 2ml of Anesthetic 
Ether (5:5:1) to a pH 5. (Fig 3b).
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Group 3: Type 60 Poly (P) (sodium salts; 
medium chain Poly (P) of 60 phosphate 
residues) was obtained from Tokyo, Japan. 2 
grams of 40 equivalent sodium hydroxide 
powder was dissolved in 50ml of distilled water 
to prepare 1N solution of sodium hydroxide. 

10grams of Sodium metaphosphate powder was 
dissolved in 50ml of distilled water to get 20% 
solution. 15ml of 1N Sodium hydroxide was 
triturated with 5ml of 20% Ultraphosphate 
solution to a neutral pH of 7. (Fig 3c) 

 
 

 

Methodology  
The three test solutions were subjected to 
spectrophotometry and the maximum 
absorbance values (AU-absorbance units) were 
measured. The tooth samples were immersed 

into the test solutions for 30 minutes. (Fig 4- 
a,b,c) The samples were taken out from the 
solutions and using Spectrophotometer, the 
maximum absorbance values of the resultant test 
solution were 
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evaluated and statistically analyzed (Fig 5).  The 
absorbance values of our test solutions before 
and after whitening procedure indicates the 
percentage of caffeine present and the results 
were tabulated and graphically plotted. (Fig 6) 
 

Statistical Analysis 
The SPSS version 20 software (IBM Corp., 
Armonk NY, USA) was used to perform 
statistical analyses and non-parametric 
Friedman test was used to compare the mean 
absorbance values between the three groups at 
significance value set at 1%. (Table 2) 
 

Table- 2: Percentage of stain removal & 
absorbance values of the test solutions after 
bleaching 
Solutions Percentage 

of Caffeine 
Absorbance 
Value 

Caffeine 100% 2.2319 
Ultraphosphate 55% 1.2277 
H2O2 Solution 40.01% 0.8930 
Mclnnes 2.98% 0.6671 
 

Results 
 

There was a statistically significant difference in 
the percentage of stain removal among the three 
groups (p=<0.001). Post Hoc Analysis with 
Wilcoxon signed rank test was conducted and 
the Median (IQR) for the three groups were 
UPO4à1.15(1.02-1.25), H2O2à0.66 (0.62 -
0.71), McInnesà0.91(0.87-0.98) There was a 
statistically significant difference between the 
groups when compared UPO4 & H2O2—Z=-
3.883, p=<0.001 and UPO4 & McInnes—Z=-
3.920, p=<0.001. The UV – Spectrophotometric 
absorbance peaks graph clearly shows the 
amount of caffeine in the group 3 is higher than 
the other two groups and indicates that Sodium 
Ultraphosphate removes the caffeine stain 
effectively without degrading them, thereby 
showing higher absorbance peaks nearer to 
caffeine. (Graph: 1) 
 
 
 
 
 
 
 
 
 

Graph-1: UV–Vis Spectrophotometry 
Absorbance Peaks 

 
 

Discussion 
 

Tooth plays a major role in the beauty and 
personality of the individual. One of the main 
reasons for seeking cosmetic dental treatment is 
the discolored tooth. Bleaching is one of the 
economical and least invasive aesthetic treatments 
for lightening of the stains.10 Various agents have 
been used traditionally as vital bleaching agents 
most of them primarily act by oxidation of the 
organic stains. However, each of them possesses 
their own advantages and disadvantages. 11 
Hydrogen per oxide was first advocated for the 
removal of fluorosis stains in the year 1884 by Dr. 
Harlan. Hydrogen per oxide acts by redox 
reaction. It is a potent biological oxidant of 
organic and inorganic compounds through the 
formation of free radicals, reactive oxygen 
molecules, and hydrogen peroxide anions. 
Because of its low molecular weight, hydrogen 
peroxide can penetrate into and through the 
enamel to reach the enamel-dentin junction and 
dentin, capable of releasing oxygen that breaks the 
double bonds of organic and inorganic compounds 
of dentin structure.12 Hydrogen peroxide can 
destroy stain material itself by producing hydroxyl 
radical and other oxygen radicals, that’s why it is 
referred as a Bleaching agent. The main 
disadvantage of hydrogen per oxide is post-
operative sensitivity because peroxide dissolves 
calcium phosphate including Hydroxyapatite - it 
causes dissolution of the enamel along with stain 
removal. 13 
In 1966 McInnes reported a technique that 
combined five parts 30% hydrogen peroxide, five 
parts 36% hydrochloric acid and one part ethyl 
ether and applied the solution with a cotton 
wrapped toothpick to the areas of the 
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teeth affected by fluorosis stain. After 10 to 15 
minutes the teeth were washed with water and 
neutralized with a sodium bicarbonate paste. 
However, the abrading nature of the McInnes 
solution may result in reduced micro-hardness 
of the enamel structure.  In the present study, the 
stain removal potential of Sodium 
ultraphosphate was compared with Hydrogen 
per oxide and McInnes solution because they are 
the most commonly used agents for bleaching in 
a clinical setup.14 
Ultraviolet–visible spectroscopy uses light in the 
visible and adjacent ranges. The absorption or 
reflectance in the visible range directly affects 
the perceived colour of the chemicals involved. 
In this region of the electromagnetic spectrum, 
atoms and molecules undergo electronic 
transitions.15 Based on the Beer–Lambert law 
for a fixed path length, UV/Vis spectroscopy 
was used to determine the concentration of the 
absorber (caffeine) in the test solutions. The 
wavelengths of absorption peaks can be 
correlated with the types of bonds in a given 
molecule and are valuable in determining the 
functional groups within a molecule.16 
The quest for a novel whitening agent with 
efficient stain removal potency and least effect 
on enamel and gums formed the basic objective 
for the formulation of inorganic phosphates.17 
Inorganic polyphosphate (Poly (P)) exists as 
polymers of orthophosphate units and is 
widespread in nature, mammalian nuclei, 
mitochondria, lysosomes and plasma 
membranes.18 It is generated by polymerizing 
two or more PO4 tetrahydras to share an oxygen 
atom included in other PO4 tetrahydras. The 
safety aspects have also been shown in the rat, 
guinea-pig and dog and confirmed in humans. 19 

The oral composition realizes dramatically high 
stain removal effect compared to the case of the 
peroxides or other phosphate polymers.20-21 The 
present study clearly showed that tooth stains 
can be removed effectively even in neutral pH 
condition using the salt of phosphate polymers 
at a predetermined concentration. 
In this study ultraphosphate possessed higher 
tendency for reduction of stain when compared 
to hydrogen per oxide and McInnes solution. 
Ultraphosphate could bind to the teeth surface 
by its high negative charge and it could repel the 
stains from the tooth because the binding energy 
between ultraphosphate and teeth is higher than 

that of the binding between the stain and teeth. 
This chelating nature of the ultraphosphate 
could prevent abrasion of the tooth surface and 
hence the post-operative sensitivity. Since 
ultraphosphate could not dissociate into free 
radicals, it is not a bleaching agent. It is a 
powerful stain remover, but it cannot destroy 
stain material itself. Still further in vivo studies 
are needed to substantiate its potential in the 
clinical scenario. 
 

Conclusion 
 

Within the limitations of this in-vitro study, it 
could be concluded that the Stain removal 
efficiency of Sodium Ultraphosphate is 
comparable to the commonly used bleaching 
agents, Hydrogen-per-oxide and McInnes 
solution and it removes the stains without 
eliciting a bleaching action on the tooth. A 
paradigm shift to develop a novel aesthetic tooth 
whitening system with Sodium Ultraphosphate 
is expected in the near future. 
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