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The microhardness measurement and polarized light
microscopic evaluation for enamel surface after debonding of
brackets using different orthodontic adhesive materials (A
comparative in vitro study)
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Abstract:

This study was carried out to compare the effects of different orthodontic
adhesive materials on the micro-hardness of human enamel surface with different
incubation period and to evaluate the morphology of enamel surface before and afier
arthodontic treatment using polarized light microscope.

The sample includes one hundred twenty sound maxillary arid mandibular first
premofar teeth which have been extracted for orthodontic treatment purpoese from (13-
19) years old patients, The samples were divided into onc as a control group and three
experimental groups (LILII) according to the type of the orthodontic adhesive
materials Reliance orthodontic products No-Mix. Advantage No-Mix, Orthodontic
bonding system No-Mix) respectively,

Each group consists of 30 semples and each group subdivided into three
subgroups (10 sample) according 1o the time of incubation (2 weeks..4 weeks and &
weeks) and each subgroup divided 1o (5 upper, 5 lower).

The study showed that enamel decalcification was associated with fixed
orthodontic appliance thereby and the hardness of enamel is highest with group [1I
(orthodontic bonding system No-Mix) followed by proup | (Reliance orthodontic
produets) and group IT {Advantage No-Mix),

The study indicate that there was non significant difference between group 11
(Advantage No-Mix and group ITT (Onthodontic honding system No-Mix) after 2 and
4 weeks period times bonding in reduction of micro hardness values in both upper and
lower teeth-while there is high significant difference between them in micro hardness
values after 8 weeks period times bonding in both upper and lower teeths.

The result of polarized light microscope finding show destruction of the
perikymata of enamel during 2 weeks period time and inereased in destruction during
4 weeks period time but during & weeks period time there is remineralization only in
group 111 f Onthodontic bonding system No-Mix) .

Keywords:

Microhardness, enamel surface, orthodontic adhesive material, polarized light
microscope, morphology of enamel surface.

Introduction: of orthodontic fixed appliance therapy,
several  studies had  reported &

Enamel demineralization is an significant increase in the prevalence
undesirable, but common complication and scverity of demineralization after
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orthodontic therapy compared with
controls ', The teeth most commonly
affected are molars, maxillary lateral
incisors. mandibular  canines  and

premolars ' In the environment in
which they function, most of
orthodontic  appliances  have the
sotential to damage enamel either by
decalcification or by caries ', White
spot lesions or decalcification's are
ezrly manifestations of the carions
process  resulting  from  subsurface
demineralization '

Many previous studies have
shown that the initial lesion is & surface
softening of the cnamel rather than a
subsurface lesion with a surface layer,
such lesion regress rapidly in vive in
contrast to subsurface lesions in which
Bworide may cause precipitation in the
sarface layers, thus arresting further
demineralization ™,

Since the acid etch technigue of
eamel was  introdoced; the direct
sonding, of orthodontic brackets has
Became a routine clinical procedure in

axrthodontics, resulting im0 a
oonsiderable  improvement in. a
esihetic and omal hygiene, and a

seduction in chair working time ™
Derect bonding of orthodontic brackeis
Bes become more and more important
seczuse of ongoing development of the
Somding technique, aesthetic and
design parameters of the bracket bases

The hardness of the enamel is
selzted to its high degres of inorganic
amtents V', on the other hand
@emmneralization or loss of minerals
o the enamel (described as an
emlegement of the micro space arising
S complete or partial dissolution of
e orystals lo be associated with the
diessease in the hardness of the enamel)
mmd been reported to be one of the
pmSspasing factors in the initiation
sl progress of dental caries 1Y, Up
o e knowledge this study is the first
=g experimental study to evaluate

the micro hardness of human eénamel
after exposure of three ftypes of
orthodontic  adhesive materals {Wo-
Mix type), to give a clear result about
the effect of time on the micro
hardness of human enamel. We used
the polerized light microscope to study
the  surface  morphology  after
debonding, because of the health and
esthetic consideration is recommended
before and after orthodontic treatment.

Ihe Aims of the Study are fo
evaluate and compare the effect of the
different orthodontic adhesive [related
to three different companies (one paste
system}] on the microhardness of
human  enamel, during orthodomic
treatnient.

Materials and Methods:
The sample

A total sample was include one
hundred twenty sound maxillary and
mandibular first premaolar teeth. which

has been extacted for orthodontic
treatment purposes from (13-19) years
old. Imql patients were used in this
study. They obtained from oral surgery
department in hospitals: dental College
University of Baghdad and from
privale dental clinics.

All the teeth were used in this
study sound, mot restored, with no
cracks, no white spot or any other
visual defect on the tooth surface, the
extracted teeth were washed gently
with water by hand and stored in non-
ionized distilled water in  elosed
container to which 1% thymol was
added till the time of bonding '™

Material and equipments

1- Three types of orthodontic adhesive
material (No-mix adhesive types)

8- Orthodontic bonding system No-mix
{ Dentaurum. Germany)
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b-  Advantage No-mix  (ortho-
organizer. LIS A)

¢-  Reliance orthodontic  products
{Rely-a-bond, TUSA)

2- Orthodontic brackets |{Dentaurum.
Crermanyy

3- Storage material-

8- [de-ionized distilled water (al-
Mansur factory. Tragi product;

b- Thymol/®% ) added to distal water
4-Testing equipment

a- Universal research microscope
{Adolph 1. Buhler INC. USA)

b- Light microscope

c- Polarized light microscope

d- Zwick universal testing machine

Methods

Preparation of the reeth

The teeth were gently clean
with water to remove the debris or any
stain and examined for any visible
cracks using visible light cure device
with aids of magnifying eve lens (x10)
and there rooi surfaces were notched
by using contra-angle high speed hand
piece with carbide fissure bur for
retention and the teeth were stored in
distilled water al room temperature to
which 1% thymol was added.

Mounting of teerh

A glass slab was placed on the
surveyor, then the teeth was fixed on
the glass slide in vertical position using
sticky wax at the root's apex so to be
parallel to analyzing rod of the
surveyor ' The tooth is fixed to the
glass slide at the middle third of buccal
surface which market by surveyor
using sticky wax after that we use
polyvinyl chloride plastic ring put il
around fixed tooth to glass slab in such
8 way that the lingual surface of the
crown facing plastic ring,

The powder and liguid of cold-
cure acrylic were mixed and poured
around the tooth to the level of plastic
ring, after complete setting of cold cure
gerylic we separate the plastic ring
from the glass slab. The buccal surface
of tooth with the level of acrylic
surface ,The specimens were stored in
wet media (artificial saliva) to prevent
dehydration of teeth at 37% '™,

Acid eiching procedure

Etching the buccal surface of
enamel of teeth for 60 second using
37% phosphoric acid solution with one
disposable brush for each icoth
aecording to the  manufacture
instruction after that we rinsing with a
copious amount of water for 30 second
and then the teeth are dried with an oil
free steam of air 20 second ", The
buccal enamel surface of the etched
tooth appears chalky white in color.
The process of bonding i done

according  te  the manufacture
instrugtion.
Sampd: )

The sample was divided
randomly into one control group and
three experimental groups according to
the type of the orthodontic adhesive.
Each group consist of 30 samples and
each proup subdivided into three
subgroups (10 samples and-each
subgroup divided 1o upper and lower
(3-5) with three times intervals (2.4 .8)
weeks.

De e o afy

This precedure camried out by
using zwick universal testing machine
in  the central organization for
standardization and quality in Baghdad
city mounting apparatus with hole and
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] and rod have been specially
smnde for this study.

M 5

messurement)

Testing the hardness
messarement of all control growp-
smmpies were recorded at first to be a
ssmtred, and after 2 weeks from the

-:q of the treatment the
mmerohardness valucs of all
semimenial  group  samples  wepe

morded after debonding of brackets.
The general procedure for testing the
memobardness included the application
ot & standardized force or weight to the
mrece, and such force will produce
ssmmctnical shaped in dentition which
£ be measured under the microscope,
T umiversal research MiCrOscope
Suiniph 1. Buhler 1| NC) was used with

Wickers indentor 7.

The specimen were mounted on
W= glass microscope and fixed, for
seompatc well defined indentation a flat
sariscs must be used. Consequently all
== m this t.ludﬂ' were performed on
smmme] surface ¥

Also  after 4 weeks from
memiing of  brackets. The
smesohardness values of all samples of
s group were recorded using the
same method described and  this
segmence 'was repeated at the end of the
§meis

The procedure to measure
Wakers Hardness Number (V.H.N)
secording 1o the pilot study the load
mppieed was 100 gram for 30-seconds.
Sar every sample the recording of each
mesmremen!  were  converted  into
% H N) by the equation.

Load (100gm)
N HN= 1845 x

(D x 0.168)°
PESS=constant number

D= diameter of the indentation
Samples preparation for polariged
iight mi

Following the microhardress
test procedurc completed twenty
samples selected two from  control
group and six from two weeks period
times, six from four weeks period
limes, six from eight weeks period
times. One from lower subgroup and
one from upper subgroup. The roots of
the teeth were cul from the crowns
with diamond disk under abundant
water-cooling. The crowns of teeth
will cut by dizmond bur at the middle
area of middle third of buccal surface
{cross section) and smoothing cutting
arca by use sandpaper disk with
cooling water after that we dry the
cutting area and fixed it to plass slide
by using special adhesive (epofix
hardener) and leave it on the bench
about one day to be dry after that we
cut the remnant of tooth by use cutting
disk with cooling water about half mm
away from the glass slide to make thin
section finally the glass slide with thin
section (0.3 mm) wash with water and
dry then examine under polarized light
Mmicroscope,

Srativiical Analysis
In present study the following
statistical methods were used 1o

analyze the results:

1- Descriptive statistics:  includes
means and standard deviations of all
the groups.

2- Onc way analysis of variance
(ANOVA) to test any statistically
significant  difference  between  the
three different adhesive types and the
three testing fime periods

Results:
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Measurements of Microhardness

Descriptive  statistics  include
means and standard dewviation of all
variables measured including the three

adhesives  {Reliance  Orthodontic
product. Advantage no-mix and
Orthodontic  bonding  system)  at

different time intervals (2 weeks, 4
weeks, 8 weeks) for microhardness.

Table (1} represent the
individual microhardness measurement
{VHMN) of retiance orthodontic product
group includes (control, two wecks,
four weeks, and eight weeks penod
times).

Table (1): Microhardness measurements (V.H.N) of reliance orthodontic product

[} samples

Group (1 ) Reliance orthodontic product

2 weeks 4 weeks

126 280

323 273

329 278

340 263

335 275

128 268

335 272

337 279

330 278

327 275

33 276.6

No, Control
3 L 430
] L 429
4 L] 439
3 L 435
f ) 431
b [ 425
B ) 430
o L. 438
10 18] 4440
9 L. 43149
AV 9] 434

L. 433.2
Table (2) represent  the
individual microhardness

measurements (Y HN) of advantape no-

3314 2716

mix: group {confrol, two weeks, four
weeks and eight weeks period Limes),

Table (2): Microhardness measurements (V. H.N) of advantage No-mix group (H)

samples.
Group (II) Advantage No-mix
Na. Control 2 weeks 4 weeks B weeks
1 L 439 183 240 220
2 L 433 70 233 218
3 1J 430 355 225 210
] L 414 385 238 223
5 8] 435 360 239 218
(4] L 4410 365 236 213
7 U 440 357 228 21
& L 436 362 257 215
9 U 43] 361 227 212
1 L 435 359 234 216
AY 8] 4335 363.2 231.8 2162
L 4156 J68.2 235.6 217
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Table (3) represents  the bonding system group include {control,
individual microhardness. two weeks, four weeks and eight
measurement (VHN) of orthodontic weeks period times

Table (3): Microhardness measurements (V.H.N) of orthodontic bonding svstem
wip (I} samples

Group ( [II) Orthedontic l'm-l'ul'rnE sysiem

No Control 2 weeks 4 weeks 8 weeks
| L 439 168 234 280
2 L. 435 355 239 275
3 1 440 3635 225 2610
4 L 419 369 240 77
5 L 431 352 235 262
6 L 430 362 230 265
7 4] 428 359 227 273
K L 425 354 232 268
G B 427 inT 238 270
10 L 432 363 236 272

AY 8] 455 362.2 231.8 269

L 430.2 300.6 2354 2714
Table (4) represent descriptive period of times for upper samples.

statistic of the different groups and

Table (4): The means of microhardness values of the three treatment groups 2, 4 and
8 weeks with their control values (Uppe

Grand Mean
Control 434 435 433 434

2weeks 1311 1631.7 362.2 352,13
dwesks 1766 7318 231.8 246.73
sweeks 0.8 216.2 269 238.67

Cirand Mean

318.1 311.55 324 317.88

Table {4} the resull times after debonding comparative
demonstration that in group I and with control samples.
group I the lowest value of (V.H.N) in Table (5) represents descriptive
eight weeks period times  after statistics of the different groups and
debonding comparative with control periad of times for lower samples

samples, while in group Il the lowest
value of (V.HN) in 4 weeks period
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Tahble (5): The means of microhardness values of the three treatrment groups 2, 4 and

8 weeks with their control values {Lower).

Cirand Mean

Control

433

2 weeks

3334

dwerks

247.53

fweeks

240,51

Grand Mean

The result indicated that the
lowest value of (V.H.NY in eight weeks
period times appear in group 1 and
group Il only in comparative with
control group. While the lowest value
of (V.HN} in 4 weeks period times

1862

appear in group 11 in comparative with
control samples.

Table (8) descriptive statistics
including mean, standard  deviation,
coellicient of variances, maximum and
minimum values of (V.H.N) for upper
and lower samples in group 1.

Table {6): Descriptive statistics including mean, standard deviation, coefficient of
vaniances, minimum and maximum values of [V.H.N) {Group |/ Reliance orthodontic

duct
Upper
No. Mean 5D C.V% Min. Max.
Control 5 434 5.05 | 16 430 441}
2 weeks 5 33] 194 1.1% 326 335
4 weeks > 276.6 ER K 3.13 272 280
B weeks 5 I 2308 5.26 2.28 227 240
Lower
Mo, Mean 5D C.V% Min, Max,
Control 3 433.2 6.02 1.39 425 439
2 weeks 5 3314 .60 2.01 325 140
4 weeks 5 271.6 6.23 2.29 263 279
8 weeks 5 233.2 5,50 2.36 225 234

Table (6) show that the highest
value of coefficient of variance in &
weeks period times is (2.28) for the
upper and {2.36) for the lower whers is
the mean and standard deviation [or
upper (434, 526) and (4332, 6.66) for
lower samples While the lowest value
of coefficient of variance in control
group (1.3%for lower (1.13)in 4
weeks for upper where is the lowest

value of mean and standard deviation
for upper (2308, 3.13) and (2332,
5.50}% for lower samples

Table (7) descriptive statistics
including mean, standard  deviation,
coefficient of variances, maximum and
minimum values of {(V.H.N) for apper
and lower samples in group [,

Table (7): Descriptive statistics including mean, standard deviation, coefficient of

variances, minimum and maximum values of

mix )

(V.H.N). (Group IT /Advantage No-
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| Control

2 weeks

4 weeks

8 weeks

| Control

2 weeks

| 4 weeks

8 weeks

The result shows that the
highest value of coefficient of variance
in 2 weeks period times is (3.12) for
upper samples and (2.78) for lower
samples, where is the mean and
standard deviation for upper (435,
1132} and (435.6, 1023) for lower
samples.

While the lowest values of

coeflicient of variance in control group

(1.04) for upper and (0.62) for lower

the mean and standard

deviation (216.2,4.53) for upper (217.

where 15

2.07) for lower samples.

Table {8} descriptive statistics
including mean, standard deviation,
coefficient of varances, maximum and
minimum values of (V.HN) for upper

and lower samples in group II1.

Table (8): Descriptive statistics including mean, standard deviation, coefficient of
variances, minimum and maximum values of (W.HN). (Group HI (Orthodontic

honding system),

-

ppﬂ

5.0

| CV%

6.12

1.41

b.6Y

1.85

2,04

2.39

B.19

3.04

Lower

C. VY%

(.86

|

1.84

Table (&) shows that the highest
value of coefficient of variance in B
weeks period times is (3.04) for upper
and {1.84) in 4 wecks period times for

fower samples. Where is mean and
standard deviation (433, B.19) for
upper and (430.2, 6.19 for lower
samples.
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While the lowest wvalues of
cocfficient of variance in control group
i5 { 1-41) for upper and (0.86) in control
group for lower samples, Whereas

mean and standard deviation are
(231K, 5.54) for upper and (235.4, 3.7}
for lower samples.

Comparison between groups and different period

ANOVA Sum of square

Table (%): Comparizson between the different o

15 and pericd times for upper 1aw.

F-value

389906.2

30265 see

Between groups 153514

234

Within 17863

409320.2

M5 Mon Significant al fevel P20.05

+4* L Highly Significant difference ut level P<i,001

Two  ways ANOVA  was
performed to test the comparison
berween differemt group and period
times. Result showed significant
difference at level P<0.001 between
periods, and non significant difference
at level P=0.05 between group.

Polarized  light  microscope
finding

The type of the section of
sample used in this study is pround
section with 0.3 mm in thickness and
magnifications of micrographs  of

samples are (x2.5, x6.3).

Figures (1, 2.3) exhihit the
typical feature of normal emamel, this
micrograph is taken to the part of
enamel not exposed to the orthodontic
adhesive when the bracketz are
removed afler two weeks period times,
four weeks pericd times and eight
period times for all samples of treated
group i most teeth when visually
mnspected there iz alteration of the
enamel surface under the brackets
range from slight loss of translucency
to district white spots,

The destruction of enamel
surface in samples during (two weeks,
four weeks and eight weeks) and some
subjective evidence of the enamel
surface of samples with different
degree in different period imes.
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Figure:3
Figures (4-9) show different weeks peried times, This destruction
degree of destruction of perikymata of can compare with normal perikyvmata
enamel it less during 2 weeks period which consist of normal groves and
times but increased in destruction crest running in paraliel lines as in
during 4 weeks period times and figures (1 and 2).

become worst  destruction  during 8

E9]
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Figure:6
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Figurc:8

Figures (10-12)also  show
destruction of perikyvmata of enamel
dunng 2 weeks period times and

mcreased  in  destruction  during 4

Figure: 10

Figure:9

weeks pericd times but during & weeks
period times there 15 remmineralization

of enamel as showing in figure (12).

Figure:11
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Figure:12

Discussion:

Dentists are  imeresied  in
learning about the properties of the
adhesive systems they used in order to
optimize their ability to handle them
properly and efficiently.

The composite adhesives,
nowadays, have huge controversy
among orthodontists, These vanous
thoughts may be due to psychological
accommaodation and routine skills for
the material used, But the various
opinions for the tested orthodontic
adhesives show the agreement and
disagreement with the nlerested
authors,

This study clearly revealed the
existence or absence of the differences
in microhardness among the three
composite adhesive systems Vickers
hardness test was used in Investigate
the microhardness of the cnamel
surface after debonding of brackets.
The property ;ef hardness is of major
importance in  the comparisen of
adhesive materials. Hardness is @
measure of the resistance of a matenal
o indentation, it is measured as a force
per unit area of indeniation N Vickers

hardness fest 15 the most common
method for testing the hardnass of
small areas and hard materials. Many
researchers have studics adhesion to
enamel, and at present, acid etehing 18
probably the best methed of bonding

{19)

resins oo enamel LInfortunatelyv,
demtineralization of enamel surface
around  brackets  specially at  the
gingival part of teeth are typical
complications of orthodontics
treatment Ll Microhardness

measurement have been used together
with other methods such as micro
radiography, Vicker hardness test has
been reporied by many researchers to
determuine the microhardness of the
woth ' Microhardness is also
useful tools to investigate the tooth
surface properties. An optimal load is
important to measure the hardness of
an object by the microhardness test.
The optimal load was considered to
hardness of depend on the physical
property of an object, when the
hardness of dental tissues is compared,
the measurement should be made
under the same load. The optimal load
was considersd to be 100g. However, a
value of the load should be small w
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avoid plastic strain of an object when
hardness of dental hard tissue s
,T]'fusumd with the Vicker indenture

The microhardness of the
enamel has been reported to vary
greatly from ¢ne tooth to another and
inn different area on the same tooth as in
the present study on the labial surface
of the upper and lower premolars
before bonding (treatment) procedure
as controlled teeth. This [act was
supported by study which recorded
range of hardness (242-440) in the
resuli of true local  differences in the
hardness of the enamel and not
attnbuted solely to the mechanical
difference in obtaining satisfactory
indentation “*, Other study found that
the microhardness of enamel near
dentin was abowt {3307 and 1n the outer
shell of enamel, &8 maximum hardness
value of 2050 but in mid-way through
enamei (400-670) by using sectioning
EE?CEIZ!EEE from enamel of cusped teeth

The slight variety in grand
mean  value  of  microhardness
measurement between upper and lower
control sample was  (434)  and
{433). This seems to aprec quite well
with other finding ™, Microhardness
ol table enamel of the maxillary teeth
were slightly greater than those of the
lingual epamel, while the opposite
result was recogmized m the aversge
values of microhardness of labial
enamel of the mandibular teeth, Also
those result eppear to be agreement
with other study which showed that the
maxillary molars and premolars had
significantly less decaleification
than their mandibular cpponents after
bonding and bonding =,

From this vanety in range of
microhardness number in  enamel
surface either due to the direction of
enamel prism or structural orientation
and location across the surface. This
fact of  wvariety In range of

microhardness in control group of
samples reported by many authors
The present study which find

that’ (Advantage No-mix)  and
(Reliance orthodontic produet)
adhesive material exhibit more

demineralization after eight weeks
period times, although both of them
have anti-cariopenic agent in there
composition due to comtain fluoride.
There is significant linear relationship
between (V. H.N) and demineralization
process (loss of minerals) and this
L:R::Jlarﬁsl'.iun supported by other studies
BB There is. nom significant
difference at level (P=0.05) between
{Advantage No-mix) and (OUrthodontic
bonding  system) after 2-4 weeks
pericd times bonding in reduction of
microhardness values in both upper
and lower teeth, While high significant
difference at level (PO.O01) between of
them in microhardness values after 8
weeks period times bonding in both
upper and lower teeth. Incomporated
flucride mn  there composition of
adhesive matenial provide better resull
include increase hardness and reduce
solubility of ename! surface.

The orthodontic  bonding
systemn  adhesive material not only
inhibil demineralization but  also

demonstrate the ability to rematerialize
enamel due to action of anti cariogenic
agent which found in composition of
this adhesive material.

We can concluded that the
clinical significant of the present study
is that enamel demineralization is
associated with fixed orthodontic
appliance. Therapy the result showed
that the hardness was highest with
group I (Orthodontic  honding
system) followed by group | (Reliance
orthodontic products) and group 11
(Advantage No-mix).
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