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Abstract---Objective: This study was performed to reveal the physical
changes of polymers used after gamma irradiation of a modified twin
block appliance versus conventional twin block appliance in the
treatment of growing females with skeletal Class II malocclusion
having mandibular deficiency. Materials and methods: The total
sample consisted of 12 specimens 6 from every polymer,
modified twin block group which was composed of
polyethylene polymer and conventional twin block group
which was formed of poly methyl-methacrylate polymer
used in this study, exposed to different gamma irradiation doses
(25 KGray and 30 KGray) in order to test their physical properties.
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Assessment was done using UV-visible spectroscopy and scanning electron
microscope. Results: This study revealed that concerning the gamma radiation
effect on the polymers used, Poly methyl methacrylate showed yellowish color
change and increased number of pores on its surface after irradiation while
polyethylene vacuum sheets didn’t show any color change but the scratches and
pores appeared on its surface using scanning electron microscope. Conclusion:
From the previous results it can be concluded that the modified twin block
appliance can be used as an alternative orthopedic appliance in treatment of
skeletal class II malocclusion growing subjects with mandibular retrusion. No
change in physical properties has occurred for the thermoplastic sheets post
irradiation but yellowish discoloration occurred for cold cured acrylic resin.

Keywords---twin block appliance, polymers, physical properties,
gamma irradiation.

Introduction

Skeletal Class II malocclusion is one of the most common problems encountered
in orthodontics around the world. During the permanent dentition stage, the
percentage represents 19.56 percent of all forms of malocclusions, while the
percentage in the mixed dentition is even higher globally.(1,2)

The oral cavity is a dynamic environment, many components affect the service
and durability of different materials as in the oral cavity polymers as composites
are subjected to numerous destructive influences. Appliances had been proved to
accumulate minute food debris and remnants on their surfaces after their usage
in the oral environment. This has been attributed to the number of pores present
under magnified scanning which in return affects the material’s strength.

For patients in their adolescent growth spurt, functional appliances are used to
resolve skeletal class II situations, which has always been a struggle for
orthodontists. Functional appliances needs to stay in the patient’s mouth for long
hours every day to produce their effect to help patients establish appropriate
mouth and tongue posture along with minimizing overjet.-4

These devices do have some drawbacks, the most important of which is
demonstrating adherence to therapy. Perfect compliance is required to achieve the
results shown in the research, which unfortunately cannot be guaranteed in
orthodontic practice. The negatives are linked to the weight of the appliance, as
well as the aesthetics and speech issues that come with wearing it. Condylar
positive development was also seen in the mandibular pre-pubertal female
assessment.®

Polymers used in the biomedical sector can be exposed to ionizing radiation (in
vivo as implants or ex vivo for sterilization purposes or to improve their physical
properties). However, this ionizing radiation can cause degradation or
improvement of the polymer. Studies have described theirphysical properties,
such as transparency, surface changes flexibility, conductivity, and resistance to
different environmental conditions, and many different physical properties are
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required for the scientific applications of these polymers. They can be improved on
the basis of their physical properties to eliminate their disadvantages.(®.7

This study was performed to assess the change in physical properties of
polymers used as a result of gamma irradiation.

Materials and methods:

Registration:

This trial was registered at the Clinical Trails.gov registry under registration
number

NCT03635463 on August 4th 2018.

Study design:
This study was designed as an in vitro study.

Sample size estimation:

We were planning a study of a 12 experimental specimens measured before and
after irradiation as before irradiation acted as a control to be able to reject the null
hypothesis that the population means of the experimental and control groups are
equal with probability (power) 0.8.The Type I error probability associated with this
test of this null hypothesis is 0.05. Calculations were made using PS Power and
Sample Size Calculations, Version 3.0.

(http:/ /biostat.mc.vanderbilt.edu/PowerSampleSize)

Grouping: The polymer groups were divided into 6 specimens from each polymer
which were further divided into 2 subgroups:

Group A : 3 specimens from each polymer were subjected to 25 KGy dose once.
Group B : 3 specimens from each polymer were subjected to 30 KGy dose once
(Fig 1).

The irradiation was performed at National Centre of Radiation Research and

Technology(NCRRT), Cairo, Egypt, using radioactive cobalt-60 giving a dose rate of

0.912 Gray/minute at the time of radiation exposure. Each sub-group was placed

in a sealed envelope, placed in a plastic wrapping before gamma irradiation

exposure.

The analysis methods for the specimens used before and after gamma irradiation:

1. Ultra violet-visible spectroscopy: This test was done to compare the color
changes before and after irradiation.

2 Scanning electron microscope:I This type of scanning was done to assess
surface changes before and after irradiation exposure. 'The specimens were
covered with a fine layer of gold using carbon ribbon as support.
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Fig (2): Zeiss scanning electron microscope.

Statistical analysis:

The data distribution was checked for normality, the mean and median values
were calculated, and the Shapiro-Wilk test was used. Data had a parametric
distribution, thus mean and standard deviation (SD) values were used to depict
them. The intra-class correlation coefficient was used to determine inter-observer
reliability (ICC). Independent and paired t-tests were used to compare intergroup
and intragroup differences. In all tests, the significance level was set to p0.05. R
statistical analysis software version 4.1.1 for Windows was used for the statistical
analysis.

Results

After completion of treatment and collection of the data pre and post treatment.
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These data were divided into twin block material related data that assess the
significance of the difference in gamma radiation exposure between the
conventional and the modified twin block groups. And the scanning electron
microscope to highlight the changes after irradiation for both materials.

The 12 specimens were divided into two equal groups according to gamma
radiation exposure. The first group ( 6 specimens ) was subjected to 25 KGray
dose once and the second group (6 specimens) was subjected to 30 KGray dose
once.

UV-visible spectroscopy:

Significance of the difference in gamma radiation exposure between the
conventional and the modified twin block groups: UV Visible spectroscopy has
been proven to be a very prominent tool for the study of optical absorption edge in
the UV Visible regime. Furthermore, it helps in the determination of indirect and
direct transition energy occurring in the ultraviolet band by optical absorption
spectra at the fundamental absorption edge of the material.

UV-Visible spectroscopy was performed in the wavelength range 300-800 nm at
room temperatureon the pre radiated and irradiated samples.

All samples were irradiated with a Cobalt-60 primary source for gamma
radiation, the doses were25 and 30 KGray, at a dose rate of 0.912 KGray/hour.
The total time for 25KGray exposure is 30.3 hours. While the total time for 30
KGray exposure is 36.3 hours. Mean and standard deviation values for
irradiation for both groups were presented in tables from (1-3).

For both doses, cold cured acrylic resin (PMMA) had a significantly higher value
than thermoplastic vacuum sheets (p<0.001). The absorption peak shifts from UV
towards the visible region which indicates an increase in the absorption levels
after irradiation (Fig 5). For cold cured acrylic resin, value increased significantly
after irradiation regardless of the dosage (p<0.001). For Vacuum thermoplastic
sheets, there was no significant difference between values measured before and
after irradiation (p>0.05).

Table 1

Comparison of Mean, Standard deviation (SD) of UV absorbance values of
difference in radiation.

Difference in irradiation (Mean+SD)

Conventional twin Modified twin

D -val

o8¢ block (PMMA) block IR

(vacuum sheets)

25KG 1.321£0.8 0.05+0.18 <0.001*
y
30KG 1.66+0.8 -0.07+0.15 <0.001*
y 9

*; significant (p < 0.05)
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Table 2
Mean, Standard deviation (SD) of UV absorbance values of irradiation (25KGy)

1.43+0.44

2.75%1.22

1.19+1.47 1.24+1.49 0.941

*; significant (p < 0.05)

Table 3
Mean, Standard deviation (SD) of UV absorbance values of irradiation (30KGy)

3.09+1.21

<0.001*

1.19+£1.47 1.12+1.51 0.918

*; significant (p < 0.05)

Scanning electron microscope (SEM):

The scanning electron microscope (SEM) images were used to study the
morphological characteristics of PMMA and Polyethylene vacuum sheets
before and after irradiation.

Pre irradiated SEM images of poly methyl methacrylate (PMMA) specimens at 100
times magnification revealed pores of evaporated monomer after polymerization.
However after irradiation (30KGray) the number of pores increased and more
monomer has evaporated. Figure ( 3,4)

Pre irradiated SEM images of polyethylene polymer specimens at 100 times
magnification revealed smooth surface with no voids or pores. Figure (5,6)
Irradiated polyethylene polymer after gamma irradiation showed minute
scratches and a pore as aresult of irradiation (30 KGray).
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Fig (5) SEM image of Polyethylene polymer before irradiation. Fig (6) SEM image of Polyethylene polymer after irradiation.

Discussion

During the development of occlusion, jaw discrepancies play a critical role in the
development of skeletal Class II malocclusion. The majority of those instances had
a component of mandibular deficit, according to several investigations. Many
researchers used functional appliances to stimulate mandibular growth by trying
to shift the mandible forward and retaining it in that position for an extended
amount of time, which can cause bone remodeling and stimulate mandibular base
growth, resulting in the correction of the mandibular skeletal
discrepancy.(3:4.7,22,31,33)

Removable functional appliances such as the activator, bionator, Frankel, Herbst,
twin block, and fixed functional appliances such as Herbst, Jasper jumper,
Forsus, twin force, and others are used to treat skeletal Class II malocclusion. The
location of the condyle in the glenoid fossa in a more forward position encourages
growth in the condylar region. Several studies have compared the use of various
functional appliances, and the utility of a twin block appliance in the treatment of
skeletal Class II malocclusion has been highlighted. .(5.69.13,16,18,19) This was
confirmed in a study by Illing et al.3?, who found that the twin block appliance
was the most effective in causing sagittal and vertical treatment alterations during
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growth. Removable functional appliances, on the other hand, have always had the
disadvantage of requiring patient cooperation to get beneficial results.

The Twin Block (TB) functional appliance has acquired widespread acceptance
among practitioners for the treatment of skeletal Class II malocclusions since its
development by Clark. Upper and lower acrylic plates with interlocking bite-blocks
were used to generate a favorable forward mandibular displacement when the
appliance was sealed. Treatment occurred in the early permanent dentition,
however, because the eruption of premolars was required to maintain the
traditional twin block in the patient's mouth.

It is widely known that when polymers are exposed to irradiation, they undergo
structural alterations. Irradiation of polymers produces free radicals and ions, as
well as the formation, tailoring, or rupture of molecular bands. When a polymer is
exposed to irradiation, two distinct processes might occur: crosslinking and
oxidative breakdown. In general, the dominance of one of these competing
processes is influenced by a number of factors, including polymer structure and
irradiation settings radiation dose, dose rate, sample thickness, irradiation
temperature, etc. (64.65)

The goal of this study was to assess the impact of gamma irradiation on the
physical properties of the material used in the production of both types of twin
block appliances.

The sample of this study included 12 specimens , 6 from each polymer which were
subjected to two different gamma radiation doses half of the specimens ( 3
specimens from each polymers) were subjected to 25 KGray dose once while the
other half was subjected to 30 KGray. These doses were chosen as the stated
doses for sterilization of other appliances.

A new modification of the twin block was designed by El kattan 43 to overcome
the limitations of the twin block appliance in terms of treatment timing and
patient’s compliance the acrylic base and metal clasps were replaced with a
thermoplastic layer.

The twin block materials were assessed their physical behavior after gamma
irradiation. Two doses were given to specimens and UV visible test was made to
accurately compare the amount of light absorbed after irradiation. For both
dosages (25 KGray and 30 KGray respectively), cold cured acrylic resin (PMMA)
had a significantly higher value than polyethylene thermoplastic vacuum sheets
(p<0.001). For cold cured acrylic resin, value increased significantly after
irradiation regardless of the doses (p<0.001). For Vacuum thermoplastic sheets,
there was no significant difference between values measured before and after
irradiation (p>0.05). This occurred as a result of oxidation process and release of
oxygen that breaks the polymer chains and changes their color, this is seen
intensely as the color turns yellow in PMMA post irradiation. This yellow color was
found to be clinically inacceptable. This result was in agreement with Oral et al.(67)
Murray et al.("!) and Behr et al.(70

Scanning electron microscope of poly methyl methacrylate polymer (PMMA)
revealed increased number of pores and bubbles due to vaporization of monomer
during gamma irradiation, while there was minute scratches and appearance of
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pores on the surface of polyethylene thermoplastic vacuum sheets after
irradiation which will increase amount of minute food impaction within the
appliances surfaces and affect its mechanical strength of the long term use. This
result has agreed with Ferreira et al. (™3 who hasstated that the main change in
this type of polymer was the appearance of new crystalline domain post
irradiation.

Conclusion

The collected data were statistically analyzed for descriptive statistics, treatment
skeletal and dental changes, soft tissue changes and comparison between both
intervention groups. From the previous results the following conclusions could be
drawn:

1. No color change has occurred for the thermoplastic sheets post irradiation as it
withstanded the radiation doses assigned for this study but yellowish
discoloration occurred for cold cured acrylic resin (PMMA).

2. SEM images revealed surface changes in poly methyl methacrylate (PMMA) and
polyethylene vacuum sheets after subjection to gamma irradiation that affects
its mechanical strength.
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