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Abstract

Objective: The aim of present study was to evaluate the
effect of storage on sterilization and structural integrity of
enamel of extracted teeth preserved in a Tooth Tissue
Bank.

Study design: Forty five freshly extracted teeth were
collected and sterilized by ultrasonic waves and 6% H,0,
combination. The teeth were divided into three groups (A
,B, and C) with 15 teeth in each group and were stored in
Hank’s Balanced Salts Solution at 4C1C.The sample teeth
of group A,B and C were used to measure the effect of
storage on sterilization, enamel hardness and enamel
calcium solubility respectively at 3,6, 12 and 18 month
intervals of time.

Results: More than 50% samples of Group A showed
presence of aerobic bacteria after 9 months of storage
period. Enamel hardness was not significantly effected up
till 3 months of storage period. Enamel solubility
increased successively upon storage but increase was not
significant till 3 months storage.

Conclusion: Teeth stored in a tooth tissue bank maintain
their Structural integrity upto 3 months and remain sterile

not beyond 6 months time period.

Keywords: Tooth bank, Enamel hardness, Enamel
solubility, Flame photometry

Introduction

Natural enamel and dentin serve as the golden standard in
the search for an ideal restorative material. For centuries,
scientists have been searching for an ideal material, but in
that quest have introduced a large diversity of materials
which claim to be close to the properties of natural teeth
but do not match them in all biomechanical aspects. So
why not use the gold standard itself i.e. natural enamel
and dentin.

Many clinicians have reported the reuse of human tooth
tissue by means of adhesive re-bonding of traumatically
fractured tooth parts [3, 14 ,31 ,49]. Extracted permanent
teeth have been employed in removable and fixed
prosthesis [26], in composite class- Il restorations,
reconstruction of cusps and for various other laboratory
[46].

dependent on the availability of healthy tooth tissue. The

procedures However, these applications are
high number of extractions of healthy teeth performed for
orthodontic reasons and over retained deciduous teeth can
serve as precious biological tissue which has been

discarded until now. To enable the large scale availability
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of this precious tissue, there is an increasing interest in the
preservation of teeth and concept of tooth banks .The
tooth banks can be set up in the similar way as blood or
bone banks.

A human tooth bank (HTB) is a non-profit institution
where the human teeth are preserved, stored and supplied
for research or laboratory training of students and for
clinical use [39].

For the proper working of HTB it is important to control
sterilization and to preserve structural integrity of stored
teeth. But the aspects of sterilization procedures and
stocking methods are not strictly defined. The best method
for extracted tooth sterilization has not yet been defined
[44] .

In the last century treating the extracted teeth with hot
water or alcohol was used as a method of sterilization ,
but was not successful in preventing infection[1]. There on
variety of methods had been tried to achieve asepsis of
teeth.

For example, sterilization by gamma radiations has been
reported to be an effective method to prevent transmission
of bacteria , fungi and viruses [36 ,58].A combination of
ultrasonic waves and hydrogen peroxide was reported to
be an effective method of cold sterilization possessing
bactericidal , fungicidal, and sporicidal properties
[1].Center for disease control and prevention [9,10]
recommended that extracted teeth used for education and
research purpose should be disinfected with sodium
hypochlorite or liquid chemical germicides .However,
sodium Hypo-chlorite can increase the porosity of human
enamel by de-proteinization.

Although sterilization is an important aspect of storing
tooth tissue, it is also important to maintain the structural
integrity of teeth stored over a period of time in a tooth
tissue bank. Various media had been proposed for the

purpose of storing teeth but no strict definition of an ideal
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storage medium has been documented . Cryo-preservation
of teeth has been suggested for preservation of tooth tissue
in a tissue bank[40,41,61]. CaCl, -buffered saline solution
has been advocated for storage of teeth [25].Use of Hanks
Balanced Salts Solution has been recommended [51].But
the effects of these media on the physical properties of
enamel are still not clear.

Therefore, the present study was undertaken to evaluate
the effect of storage on sterilization, enamel solubility and
enamel hardness of extracted healthy teeth preserved in a
tooth tissue bank.

Materials And Methods

This study was conducted on forty five freshly extracted
teeth collected from the outpatient Department of Oral
and Maxillofacial Surgery and the Department of
Orthodontia, Punjab Govt. Dental College and Hospital,
Amritsar.

Teeth free from caries, morphologic defects, previous
restoration and cracks were selected as sample teeth. The
collected samples were thoroughly scaled, polished and
freed of soft tissues and periodontal remnants. The pulps
were removed from root canals and samples were stored
in de-ionized water until use. The samples were divided
into three groups.

Group (A)-

bacteriological examination to study the effect of storage

A sample of 15 teeth was used for

on sterilization of teeth

Group (B)-A sample of 15 teeth was used to study the
effect of storage on enamel hardness by Vickers’s
hardness test.

Group (C)-A sample of 15 teeth was used to study the
effect of storage on enamel solubility by determining the
amount of soluble calcium ion (Ca™ ) concentration
using flame photometry.

Methodology
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Sterilization of teeth.

After preparation , all the sample teeth were taken out
from de-ionized water and placed in autoclaved culture
tubes containing 5 ml of H, O, (6%).The tubes were then
placed in the ultrasonic tank in upright position .The tank
operating at 42 GHz and 100 W output , was filled with
water up to the neck of the tubes .Each tooth was
sonicated for 30 minutes (Fig 1).

Fig-1 Ultrasonic tank

Bacteriological examination (for group A)

The teeth sterilized by the above method were put into
Robertson’s cooked meat medium (RCM) and were
incubated at 37°C for 24 hours. To isolate the aerobic
microorganisms, a loopful was taken from each sample
with the help of standard loop (3.26mm) and was
incubated on to sheep agar medium and MacConkey’s
agar medium. These plates were kept in aerobic
environment in the incubator at 37°C. After 24 hours, the
plates were examined for bacterial growth. For anaerobic
examination, a loopful from each sample was incubated
anaerobically in the anaerobic jar for 48 hours (Fig 2).
Gaspak system (Fig 3) was used to create anaerobiosis.
When H,S04(25%) was added to the sachet, H, gas was
released which combined with O, to form H,O thus
creating anaerobiosis. Methylene blue was used as an
indicator. It remained colorless before opening the jar
indicating effective anaerbiosis. In addition, a plate
inoculated with pseudomonas aeruginosa was also kept in
the jar to check the anaerobiosis. After 48 hours, plates

were taken out and examined for any significant bacterial
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growth. In case of growth on culture plates, further
inoculation on blood agar medium was done and
incubated aerobically at 37°C to test aero tolerance.

Identification of isolates: The cultures were identified by
their colony characteristics, morphology, staining
characteristics and biochemical reactions. The growth was
examined by taking a smear and staining it with gram
stain. The isolated bacteria were identified by studying

their motility and by subjecting them to various

biochemical tests.

Fig-3 Gas Pack

Enamel hardness (for group B)

A suitable technique adopted to test the surface enamel
hardness. The hardness of the enamel was tested with a
Vickers’s micro hardness tester equipped with 136 degree

pyramidal diamond point and 1kg load.(fig-4)

Fig-4 Microhardness tester with Vicker’s indenter

Page3 0 8



Manpreet Kaur, et al. International Journal of Medical Sciences and Innovative Research (IJMSIR)

Enamel calcium solubility (group C)

Sample preparation: To measure the surface enamel
calcium solubility a short metal tube of 3mm diameter
was fixed end on to an intact enamel surface. The tooth
was then completely covered by molten sticky wax and
tube carefully removed, exposing an enamel window,
which was then cleaned with alcohol and warm water.
Each tooth was then subjected to 30 minutes of
decalcification in 10 ml 0.2 N-acetic acid adjusted to pH 4
by adding 1N NaOH. The amount of soluble calcium in
the acid solution is an indicator of enamel solubility,
which was detected by flame photometry (Fig 5). After
measuring enamel calcium solubility, the area of

decalcification was painted so that new area can be

exposed on next examination.

Fig-5 Flame Photometer

All the sample teeth were then cleaned and sterilized. The
readings obtained by all these tests were taken as baseline
values. The samples were then stored in Hank’s balanced
salt solution at 4[1C temperature in deep freezer.
Microbiological examination was done at 3, 6, 9 and 12
month intervals. Enamel hardness and enamel solubility
measurements were repeated at 3, 6, 9, 12 and 18 month
intervals. The results obtained were compiled, tabulated

and statistically analyzed.

© 2018 1IMSIR, All Rights Reserved

Result
Table 1 Presence of serobic/anserobic growth
Sampls Time peried in months
e 0 3 O 0] 12
Aebic | Anssrobic Aewbic | Anserobic | Aerobic | Anserobic | Aemobic | Anserobic | Aerobic | Anssrobic
1 il Hil Nil Nil Nil Nil il il Y il
2 il Hil Nil Nil Nil Nil Yas il Yo il
3 il Hil Nil Nil Nil Nil Yas il Yo il
4 il Hil Nil Nil Nil Nil Yas il Yau il
§ il Hil Nil Nil Nil Nil il il il il
[] il Hil il Nil Nil il Yas il Yo il
7 Nil Nil Nil Nil Nil Wil Yaz Nil e Nil
3 il Nil Nil Nil Nil il il il Yo il
9 Hil Hil Hil Nil Nil il Yas Hil Yo Hil
10 il Hil Nil Nil Nil Nil il il Y il
1 il Nil Nil Nil Nil il Yas il Yo il
12 Hil il Wil Nil Nil il Yas Wil Yo Hil
13 il Hil Nil Nil Nil Nil il il il il
14 il Hil Nil Nil Nil Nil Yas il Yo il
15 il Hil il Nil Nil il Hil Hil Yeas il
Tabla 2 Enamsl hardnss: of tastad testh
Sample Time peried in months
[} 3 & E] 12 18
Mo,
1 3328 | 3010 300.0 | IBB.OD T4 | 2645
2 3821 343.3 2002 2021 2820 | 3700
3 2803 366.6 3700 | 3205 301.3 2807
4 366.3 3280 320 | 3010 303.7 | 2874
5 4o | 3505 320.2 310.0 300.5 2833
§ 363.7 | 3514 3100 | 302.0 2803 1TE.4
7 JELE 3E80.1 303.3 Z70.0 2600 | 250.6
g 2014 | 3500 2504 | 2203 2301 203.1
El 3327 | 32BER 330.7 | 3050 2002 21704
10 3713 3882 2803 250.1 2430 | 2258
11 3158 | 3040 301.1 278.2 201.0 1787
12 323.0 | Eroken | Eroksn | Brokan | Emoken | Erokan
13 2883 1759 2560 | 250.0 2186 183.7
14 3411 323.2 320.1 311.0 300.2 2831
15 334.3 3370 301.1 300.0 s | 2563
Wazn 34848 | 33603 | 30531 2854 2711 2308
Standard | 37.53 1007 2840 | 27.53 34.83 48.03
Diviation
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The microbial growth, Enamel hardness and enamel

Table 3: Values of student t- test for enamel hardness

Time (in months) 0 3 5 5 12 |1 solubility were measured at 0, 3 ,6 ,9 ,12 and 18 month
Mean e el T e e intervals, are presented in table 1, 2, and 3 respectively.
Standard deviation 3733 2907 284 2733 | 3463 | 4803
Compried Tvae P Y L I R Y] From table 1 it is clear that there is no bacteriological
tvalue fromtable at3% confidencelevel | Base | 2.16 | 216 | 2.16 | 2.16 | 2.16 growth (aerobic/anaerobic) till 6 months of storage. But
MNature of difference at 3% Confidencelevel | Base NS s 5 5 s Iater (after 9 months) 60% Samples Showed the presence
: _ of aerobic bacteria. Bacterial growth was present in
Table 4: Values of student t- test for enamel solubility
Tome(m months) T ST 5 T I almost all the samples (86.6%) after 12 months of storage.
Mean 3835 | 464 | 493 | 36.12 | 6476 | 7373 For enamel hardness the value of “t”(0.95)calculated from
Standard deviation 11751 1265 | 1196 | 1378 | 1183 | 1089 data (at 3 months ) is less than value of t from statistical
Computedtvalue Base 266 362 3.87 871 | 1167

table , indicating that there is no statistically significant

tvalue fromtable at 3% confidence interval | Base 216 2.16 2.16 216 2.16

change in the measured hardness after 3 months. Since the

value of “t”(4.103) calculated from data(6 months) is

MNature of difference at 3% confidencelevel | Base 8 ) 8 8 )

tvalue Basze | 2977 | 20977 20977 | 2977 | 2977

more than that of value of t from statistical table, it

fromtable at 1% confidence interval

Nature of difference at 1% confidencelevel | Base | NS | S | 5 | S | S indicates that there is a statistically significant change in
the measured hardness after 6 months. Further

TaT | e smowm claclitls celcum (PRAD i =5 seluion computations were made at 9, 12, and 18 month intervals

Samplz Mo, Tims paricd in months .

0 3 3 ] 12 18 as presented in table 3.

1 50 61 &0 ™ 75 Bl There was no statistically significant change in the
2 T 54 58 T Bl o measured enamel solubility after 3 months at 1%
3 51 &0 G B6.5 70 78 confidence level, but was present at 5% confidence level.
4 51 50 62 68 Bl 86 Further computations were made at 9, 12 and 18 month
: 48 56 48 30 &0 1 intervals and presented in table 4.
& 18 30 34.5 41 40 58 Discussion
7 23 i1 3t 41.5 i i The concept of Tooth Banks has evolved from the use of
§ i1 38 8.3 '1 5 & extracted teeth for various purposes in the practice of
g 4 40 = B 3 & dentistry. Hence large collections of extracted teeth are
10 2 0 € L3 4 37 required. As the extracted teeth are prone to colonization
H 4 1 e by various micro-organisms proper sterilization procedure
12 ® 7 52 & 2 8 is mandatory for their storage. Teeth should also be stored
13 * 4 AL I " in a proper medium to maintain physical properties of
1 = “ # =3 & = dental hard tissues. Hence , there is an increasing interest
= * * i 0 8 ™ in the preservation of extracted teeth.

M S e e el I B Tooth Banks are services that receive teeth from several
Sl B e B B Bl regions and provide them for restorative , educational and
Deviation . . . i

research purposes following a processing protocol in o

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII%
© 2018 1IMSIR, All Rights Reserved ;_5._,“
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which teeth are identified, sterilized and individually
stored [39]. In the present study, the effect of storage time
on sterilization and structural integrity of enamel of
extracted teeth stored in Hanks Balanced Salts Solution
(HBSS) at 4°C at 3 month intervals, till 18 months was
seen. Teeth selected for storage were freshly extracted
premolar teeth which were removed due to orthodontic
reasons. It was preferred to free the teeth from pulp and
periodontal ligaments to prevent any risk of antigenic
reaction, as these tissues contributed to the failure of
transplanted teeth due to their strong antigenic property
[24,47,48,56]. The teeth were mechanically cleaned,
washed and thereafter put through sterilization procedure.
Mechanical cleaning reduces the bacterial load of teeth by
107

effectiveness of sterilization[1]. It was also documented

approximately which further increases the
that anaerobic organisms appeared to be more affected by
handling and cleaning which exposed them to aeration to
which they were sensitive. In the present study more than
50% of tooth samples showed the presence of only
aerobic microbes (Pseudomonas aeruginosa,
Acinenetobacter Iwofii, E coli) after 6 month of storage.
No anaerobic organisms were found (table 1).

Different methods of sterilization had been used for the
extracted teeth in the past but with little success. Comfort
MB [11,12] suggested use of antibiotics for prevention of
contamination of stored teeth. However the sterility level
of 100% could not be achieved with that method. White
and Hays[59] have demonstrated the inefficiency of
ethylene oxide gas against Bacillus Subtilis spores placed
in the pulp chamber of extracted human molars.

Use of silver cations was also suggested. This method was
sufficiently antibacterial to cause sterilization of infected
dentin. The deposition of silver however modified dentin

surfaces[54].

© 2018 1IMSIR, All Rights Reserved

Gamma radiation is often used to sterilize commercial and
non- commercial hospital items and was frequently used
in scientific literature in relation to tooth sterilization. It
was observed that radiation changed the colour of dental
structure from white, due to denaturation of organic
components of dental substrate [36].Moreover, the
apparatus required is not readily available and can not be
processed in hospitals. The plant would only be active
when sufficient material is available to make it’s use
economically viable[13].

The method of sterilization by using a combination of
ultrasonic waves and H,0O, is distinct from other
techniques in its effectiveness and practicability,as
ultrasonic tanks are readily available and economically
viable. Additionally , H,O, can be totally eliminated by
washing with sterile water or catalase before clinical use.
It was found that when extracted teeth were treated in 6%
H,0O, solution in an ultrasonic bath at 35°C for 30 min,
no viable organisms could be recovered[1]. Moreover
difference in the hardness and solubility of enamel before
and after sonication treatment were not statistically
significant [1].Various storage medium were tried to store
the teeth in human tooth bank to maintain mechanical
properties of dental hard tissues including deionized
water,CaCl,buffered saline solution,cryopreservation and
Hank,s balanced salts solution (HBSS).

Hablitz [51] reported that deionized water lacks calcium
and phosphate ions therefore chemical potential for
dissolution of enamel and dentin is high and storage in
calcium chloride also cannot prevent demineralization
because of absence phosphate ions ,the major component
of calcified tissue other than calcium. It was suggested
that chemical potential of HBSS to dissolve the calcium
phosphate is low and surface demineralization is
prevented. As HBSS is slightly basic and is highly

concentrated in Ca™ ,Mg"™ ,Na* ,Po, ~ — and CI
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ions, evidently the composition of HBSS is comparable to
the dental mineral phases.

White J,R.V. Faller [57] found that several factors are
critical before the application of any technique used to
assess de or remineralization, and among them sample
preparation procedures are extremely important. Any
mechanical preparation was avoided in the samples ,used
to measure enamel hardness. Vicker’s hardness test
involves a diamond pyramid indenter with a 136 degree
angle between opposite faces. Because of the simplicity of
surface micro hardness method and obvious implication
on clinical practice, it has been used widely to measure
enamel hardness [5, 32].

According to this study, human enamel showed average
hardness of 346+37, prior to storage (table 2).These
values were in good agreement with most of the data in
the literature where micro indentation was applied to
enamel to evaluate it’s hardness [15,43,60]. The storage of
teeth in HBSS resulted in successive decrease in the
enamel hardness (table 2).Statistical description of data
using t test (table 3) showed that change was not
significant up to 3 months .But after 3 months enamel
hardness decreased significantly in a non linear fashion.
The hardness reduced up to 25% as compared to the base
value, in the time span of 18 month. Likewise enamel
calcium solubility increased with time (table 5). Statistical
increase in solubility was insignificant (t=2.6, p=0.01) up
to three months (table 4). But later the solubility had
increased significantly in a non linear manner. The
solubility (ppm) increased up to 60% as compared to
baseline value. These changes in enamel hardness and
enamel solubility thus indicate that mechanical properties
of calcified tissues are sensitive to their mineral content
[16,22,25,34].

© 2018 1IMSIR, All Rights Reserved

Conclusion

It was clear from the results of this study that when teeth
are stored in a Human tooth tissue bank at a temperature
of 4°C, their sterility can be maintained up to a period of 6
months. Moreover, no significant change in enamel
solubility and hardness occurs on storage of teeth up to 3
months. However, it is suggested that role of viruses and
fungal contaminants should be further investigated, which
was not in the domain of this research.
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