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CHAPTER |

INTRODUCTION

Significance of the problem

Pulpotomy is a procedure performed in a tooth with deep carious lesion
adjacent to pulp, where coronal pulp is amputated to preserve the vitality of radicular
pulp. A wide range of materials such as formocresol, glutaraldehyde, ferric sulfate zinc
oxide eugenol and calcium hydroxide has been used over the years for pulpotomy
[Ranly 1994, Srinivasan et al. 2006]. Formocresol has been a popular pulpotomy
medicament in primary dentition for the past 60 years [Seale 2008]. Concerns have
been raised about the toxicity [Pashley et al.1980] and potential carcinogenicity of
formocresol in humans [IARC 2004]. Alternative technique and pulp therapy agents
have been proposed to maintain partial pulp vitality. These include glutaraldehyde,
electrosurgery, laser, freeze-dried bone, bone morphogenic protein, osteogenic protein

and mineral trioxide aggregate (MTA) [Ranly 1994, Srinivasan et al. 2006].

MTA powder composed of tricalcium silicate, dicalcium silicate, tricalcium
aluminate, tetracalcium aluminoferrite, calcium sulfate dehydrate with an addition of
Bismuth oxide as a radiopacifier [Camilleri et al. 2005, Rao et al. 2009, Parirokh et al.
2010]. The material is biocompatible and bioinductive [Torabinejad et al. 1997], thus
attracted attention in the field of endodontics with its excellent sealing ability [Weldon
et al. 2002], biocompatibility, an ability to form dentinal bridee [Koh et al. 1998], and
cementum and periodontal ligament regeneration [Bonson et al. 2004]. MTA has the
ability to stimulate cytokine release from bone cells, indicating that it actively
promotes hard tissue formation [Koh et al. 1998]. It has also been proved that MTA
has antimicrobial properties similar to Zinc Oxide Eugenol (ZOE) and has no cytotoxic

effect [Torabinejad et al. 1995 (c)]. MTA has been proposed as a potential medicament



for pulpotomy procedure, capping of pulps with reversible pulpitis, apexification, repair
of root perforation and repair of resorptive defects [Torabinejad et al. 1997]. The
disadvantages of MTA are discoloration potential [Felman et al. 2013, Krastl et al. 2013],
presence trace elements or impurities in the material compositions [Greenburg 2002],

difficult to manipulate, long setting time and high material cost [Parirokh et al. 2010].

Utilizing similar chemistry to that of MTA, a bioactive tricalcium silicate
(Biodentine, Septodont) was introduced for use in vital pulp therapy for direct pulp
capping, pulpotomy, and indirect pulp capping [Biodentine Scientific File 2010]. Recent
studies evaluating a medical grade calcium silicate based material (Biodentine,
Septodont) and techniques for vital pulp therapy have been very positive [Laurent et
al. 2012, Shayegan et al. 2012]. As part of the chemical setting reaction of Biodentine
calcium hydroxide is formed. Biodentine has demonstrated bioactivity and formation
of apatite. Bioactive tricalcium silicate has several advantages over calcium hydroxide
and mineral trioxide aggregates (MTA). The commercialized tricalcium silicate is
different from the usual dental calcium silicate materials. The manufacturing process
of the active biosilicate technology eliminates the metal impurities seen in the calcium
silicates (Biodentine Scientific File 2010). The setting reaction is a hydration of tricalcium
silicate which produces a calcium silicate gel and a calcium hydroxide [Tran et al.
2012]. In contact with phosphate ions, it creates precipitates that resemble
hydroxyapatite. Biodentine showed less inflammatory cell response and had more
hard tissue formation as compared with formocresol when used as a pulp dressing
material in primary pig teeth pulpotomy [Shayegan et al. 2012]. A clinical study on
Biodentine pulpotomy compared with MTA and laser observed high success rates in
teeth treated with Biodentine at 6 months evaluation [Niranjani et al. 2015]. However,
they found pain and swelling in teeth treated with Lasers (2 from 20 teeth). The authors

concluded that pulpotomies performed with either MTA, Laser or Biodentine are



equally efficient with similar clinical and radiographic success and hence can be

considered as alternatives to Formocresol [Niranjani et al. 2015]

Based on current evidence, there is few information about the clinical success
of using Biodentine in human primary teeth the pulpotomy. Thus, this study aims to
assess the clinical and radiographic success of MTA pulpotomy as compared to

Biodentine pulpotomy in mandibular primary molars.



CHAPTER Il

LITURATURE REVIEW

Pulpotomy in Primary Teeth

The classification of pulp dressing material, based on the treatment objectives,

can be categorized into three types [Ranly 1994].
1. Devitalization

The purpose of this medication is to destroy the tissue vitality. It consists
of chemical and nonchemical method. The chemical agent used is formocresol
which mummified the pulp tissue. The nonchemical method is electrocautery
which carbonizes and heat denatures pulp and bacteria contamination. With these
methods the radicular pulp is sterilized and devitalized.

2. Preservation

The pulp dressing material in this category is to preserve the pulp tissue
vitality but not able to induce dentin bridge formation. For example

glutaraldehyde and ferric sulfate
3. Regeneration

The material in this category has property to induce hard tissue formation

ex. calcium hydroxide and mineral trioxide aggregate (MTA).

Mineral Trioxide Aggregate (MTA)

Mineral trioxide aggregate (MTA) was developed at Loma Linda University, USA
in 1993 as a root-end filling material [Ng et al. 2008]. It is now applied in other
procedures such as repair of root and furcation perforations, apexification and vital
pulp therapy that included direct pulp capping, partial pulpotomy and pulpotomy

[Torabinejad et al. 1999]. MTA was given approval for human usage by the FDA in 1998.



MTA are commercially available as ProRoot™ MTA, white ProRoot™ MTA (Densply,
Philadelphai, USA) and MTA Angelus™, MTA Angelus™ Blanco (Solugdes Odontoldgicas,

Londrina, Brazil).

Figure 1. ProRoot™ gray MTA and ProRoot™ White MTA
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Figure 2. MTA Angelus™ and MTA Angelus™ Blanco

Compositions of MTA

MTA powder contains fine hydrophilic particles. It was first introduced in gray
which has tooth discoloration potential, thus white powder MTA was developed. White
MTA (WMTA) contains less amount of iron, aluminum and magnesium oxides [Rao et
al. 2009]. MTA compositions are similar to Portland cement except that Portland

cement contains no bismuth oxide. Table 1 shows the compositions of MTA powder.



Table 1. Compositions of MTA powder

Main component tricalcium silicate (3Ca0O-SiO,)
dicalcium silicate (2Ca0-SiO2)
tricalcium aluminate
tricalcium oxide

silicate oxide

Radiopacifier bismuth oxide

Setting reaction of MTA

The setting reaction of MTA is a hydration reaction, which is similar to that of
Portland cement. In other words, MTA powder set in the presence of moisture. Initially
the tricalcium silicate particles react with water. The surface of the particles melts and
develops into calcium silicate hydrate (C-S-H). The setting occurs when the hydrated
particles join together. The hardening occurs with further development of the gel and
crystalline particles and disseminate throughout. About one third of the volume of
these end product is calcium hydroxide (Ca(OH)2). It is enclosed in the form of complex

gels or crystalline substance [Steffen 2009]. The hydration reaction may express as:

2 Ca30Sio4 + 4H20  ---> 3Ca0.2Si02.3H20 + 3 Ca(OH)2

MTA is prepared by mixing 3:1 of powder to sterile water ratio. The hydration
of the powder results in a colloidal gel and gradually set into a hard structure. The
mean setting time is approximately 2 hours and 45 minutes [Parirokh et al.2010].
Torabinejad et al. recommended placing a wet cotton pellet over GMTA when it is
used for perforation repair, pulp capping, or an apical plug placing MTA in 1 visit

without external moisture is not recommended [Torabinejad et al.1999].



Physical and chemical properties of MTA

The pH of MTA is 10.2 after mixing and rises to 12.5 at 3 hours. The compressive
strength of MTA after 24 hours is less than amalgam and IRM. However, the
compressive strength after 3 weeks is no significance different between IRM and MTA
[Torabinajad et al. 1995(b)]. The solubility of MTA is low [Torabenajad et al. 1995(b),
Poggio 2007]. MTA has an antibacterial effect on some facultative bacteria [Torabinajad
et al. 1995 (0)l.

MTA, when used as a root-end filling material, has significantly less dye leakage
in comparison with Super EBA, amalgam and intermediate restorative material (IRM)
[Torabinejad 1994, Martell 2002]. MTA also has better marginal adaptation than IRM,

Super EBA and amalgam [Torabinejad et al. 1995(a)].

Biocompatibility of MTA

A number of studies [Kettering 1995, Torabinejad et al. 1995, Asrari 2003] have
shown that MTA is a biocompatible material. MTA is not mutagenic [Kettering 1995]
and has no neurotoxic effect to murine cerebral cortical cells [Asrari 2003]. Torabinejad
et al. have shown that freshly mixed and set MTA and amalgam are less cytotoxic than
Super EBA or IRM [Torabinejad et al. 1995]. A study on human periodontal ligament
(PDL) cell cultures compared MTA with amalgam and Super EBA showed that freshly
mixed MTA exhibited lower cytotoxicity than Super EBA or amalgam [Keiser et al. 2000].
MTA enhanced PDL fibroblasts proliferation and induced an osteogenic phenotype
[Bonson et al. 2004]. MTA has no cytotoxic effect to rat dental pulp cell cultures as

compared to Dycal and adhesive resin cement [Yasuda et al. 2008].

MTA in animal studies

WMTA compared with Dycal, beta-tricalcium phosphate cement, and white
Portland cement (WPC)showed no significant differences in pulp response in primary

pig teeth when used as a pulp capping material [Shayegan et al. 2009].
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Histologic studies of MTA

MTA compared to calcium hydroxide (CH) showed favorable outcome as a pulp
capping agent in monkeys’ teeth. The majority of MTA capped pulps were free of
inflammation, and all of them showed calcified bridge formation after 5 months. In
contrast, the pulps that were capped with CH showed presence of inflammation and

significantly less calcified bridge formation [Pitt Ford et al. 1996].

An investigation on dogs’ teeth, comparing MTA and Dycal as a pulp capping
agent revealed that MTA induced tubular hard tissue formation with no pulp
inflammation. While, the majority of Dycal-capped pulps showed presence of
inflammation, and only one third of the specimens exhibited calcified bridge formation
[Faraco et al. 2001]. The researchers concluded that pulp capped with MTA produced
significantly better results than with Dycal. In another study with dogs’ teeth, showed
osteodentin structure 2 weeks after pulp capping with MTA. The bridge formation
under MTA occurred in two stages. During the first 2 weeks, osteodentin matrix
formation took place, whereas after 3 weeks, a complete layer of reparative dentin is

formed at the capping site [Tziafas et al. 2002].

In a study on primary pig teeth, comparing five pulpotomy agents. The study
investigated for pulp inflammatory response, calcified bridge formation, and
preservation of normal dental pulp. The results were that formocresol and ferric
sulfate proved to be irritating to the pulp. In contrast, no significant differences were
noted between betatricalcium sulfate, WMTA, and WPC, with all three materials

illustrating biocompatibility [Shayegan et al. 2008].

MTA pulpotomy in human primary teeth

Numbers of studies have compared MTA and formocresol pulpotomy in

primary molars. The treatment successes are shown in table 2.



Table 2. Studies of MTA pulpotomy in primary teeth

11

Number of | Follow-up Success rates (%)
Author, Year primary period Clinical Radiograph
molars (months) MTA FC MTA FC
Eidelman et al. FC: 22
2001 6-30 100 93 100 93
GMTA: 23
Agamy et al. FC: 24
GMTA 100 GMTA 100
2004 | WMTA: 24 12 90 90
WMTA 80 WMTA 80
GMTA: 24
Holan et al. FC: 29
2005 4-74 97 83 97 83
MTA: 33
Farsi et al. FC: 60
2005 24 100 97.2 100 86.8
GMTA: 60
Aeinehchi et al. FC: 75
2007 6 100 100 100 90.5
GMTA: 51
Noorollahian FC: 30
2008 24 100 100 94.4 100
GMTA: 30
Zealand et al. FC: 103
2010 6 95 86 95 86
GMTA: 100
Erdem et al. FC: 22
2011 24 96 88 96 88
GMTA: 24

* GMTA = gray MTA

WMTA = white MTA

FC = formocresol

Gray MTA and White MTA

Gray and white MTA has similar compositions. However, the disadvantage of

gray MTA (GMTA) is tooth discoloration. White MTA (WMTA) was provided to solve the

problem. WMTA has lower amount of aluminum, magnesium and iron [Asgary et al.

2005]. It is believed that iron (ferrous oxide) caused tooth discoloration [Asgary et al.

2005]. The compositions of GMTA and WMTA are shown in table 3 (modified from

Asgary et al 2005).
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Table 3. Compositions of gray and white MTA

MTA composotions Gray MTA White MTA

Main component Calcium 40 % 44 %
Silica 17 % 21 %
Aluminum 4 % 2%
Magnesium 3% 1%
lron 4 % 0.4 %

Radiopacifier Bismuth oxide 15 % 16 %

A study comparing WMTA with gray MTA (GMTA) as pulp capping agents on
dogs teeth reported calcified bridge formation in some specimens after 1 week,
whereas all of the WMTA and most of the GMTA specimens showed calcified bridge
formation after 2 weeks. The authors reported the presence of mild inflammation at
the junction of pulp and pulp capping materials that was absent after 2 weeks. No
differences were observed between WMTA and GMTA as pulp capping agents in terms
of inflammation and calcified bridge formation [Parirokh et al. 2005].

Regular PC, WPC, GMTA, and Angelus MTA were able to preserve pulp vitality
and stimulate the formation of a calcified bridge as pulpotomy agents in dogs’ teeth
[Menezes et al. 2004].

In a 12-month prospective clinical, radiographic, and histologic investigation
that compared GMTA, FC, and WMTA, found success rates of 100, 90, and 809%,
respectively. Histologic findings in this study demonstrated that the quality of the
calcified bridge beneath GMTA is superior to that beneath FC, and that the pulp
architecture under GMTA is similar to normal pulp tissue [Agamy et al. 2004].

Drawbacks of MTA

MTA has some drawbacks such as tooth discoloration potential, presence of
toxic elements in the material composition, difficult handling characteristics, high

material cost and long setting time.
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Iron and manganese have been mentioned as possible elements responsible
for the discoloration tendency [Asgary et al. 2005]. Because of potential discoloration
of teeth treated with GMTA, the manufacturer introduced a new formula of MTA with
a white color. However, one in vitro study has reported that WMTA samples showed
discoloration 3 days after placing the material into a mold that was in contact with

PBS [Watts et al. 2007].

The long setting time of MTA is one of the reasons that MTA should not be
applied in one visit. This has been cited as one of the shortcomings of this material.

Efforts have been made to overcome these shortcomings [Parirokh et al. 2010].

MTA with Setting Accelerator

Adding 10 to 15% calcium chloride (CaCl,) to the Portland cement decreases
its setting time. The results have shown that in general, the addition of CaCl, decreased

the setting time more than 50% [Bortoluzzi et al. 2008].

The biocompatibility of mineral trioxide aggregate and accelerated Portland
cement is similar. Biocompatibility testing of the cement showed no toxic leached
from the grey or white MTA, and the addition of bismuth oxide to the accelerated

Portland cement did not interfere with the biocompatibility [Camilleri et al. 2005].

Adding 10% CaCl, as a setting accelerator to MTA enhanced the
physicochemical properties of the product. The presence of CaCl, increased the pH
immediately and products with CaCl, released more calcium ions than pure materials
in the 24- hour period. Materials mixed with CaCl, became easier to handle and
needed lower amounts of water in the mixing process [Bortoluzzi et al. 2006]. CaCl2
improved the sealing ability of three MTA cements; ProRoot MTA, MTA-Angelus, and
White Portland cement (WPC) for retrograde root filling [Bortoluzzi et al. 2006]. WMTA
powder with 10% CaCl, as a pulpotomy agent in dogs’ teeth showed favorable results

in terms of hard tissue formation. Pulp tissue response was similar for MTA with and
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without CaCl,. The addition of CaCl, to MTA did not change its biologic properties in

formation of mineralized barrier after pulpotomy [Bortoluzzi et al. 2008].

Biodentine

Biodentine is a novel calcium-silicate-based product. In order to improve MTA
drawbacks such as presence of toxic elements composition, the manufacturer
synthesized their own calcium silicate product. Biodentine has two compositions,
powder and liquid. The powder components are similar to MTA, and stored in a
capsule. The liquid part is stored in a separated single-dose container. Calcium chloride
was added to the liquid component to accelerate the setting reaction. The decrease
of the liquid content in the system by adding hydrosoluble polymer decreases the
setting time to harden within 9 to 12 minutes (Biodentine Scientific File 2010). The

compositions of Biodentine are shown in table 4.

Table 4. Compositions of Biodentine

Powder

Tri-calcium Silicate (C3S) Main core material
Di-calcium Silicate (C2S) Second core material
Calcium Carbonate and Oxide Filler

Iron Oxide Shade

Zirconium Oxide Radiopacifier

Liquid

Calcium chloride Accelerator
Hydrosoluble polymer Water reducing agent

Settine Reaction of Biodentine

The setting reaction of Biodentine is a hydration reaction similar to MTA. The

hydration of the tricalcium silicate (3Ca0.SiO, = C5S) which produces a hydrated
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calcium silicate gel (CSH gel) and calcium hydroxide (Ca (OH),) [Biodentine Scientific
File 2010]. The reaction is as follow:

2(3Ca0.5i0,) + 6H,0 —> 3Ca0.25i0,.3H,0 + 3 Ca(OH),
.S CSH

Biodentine is prepared by dispensing 5 drops of the liquid from the single-dose
container into the powder in the capsule. The capsule is placed on a mixing device
(amalgamator) and mixed for 30 seconds. Biodentine is handled with an amalgam

carrier and placed on the pulp tissue and gently packed with an amalgam condenser.

Physical and chemical properties of Biodentine

Biodentine had a radiopacity value higher than 3 mm thickness of aluminum.
It demonstrated a high washout, low fluid uptake and sorption values, low setting time
and superior mechanical properties as compared to prototype radiopacified tricalcium
silicate cement, Bioaggregate and IRM [Grecha et al. 2013]. In contact with phosphate
ions, it creates precipitates that resemble hydroxyapatite. These precipitates from MTA
and tricalcium silicate can be incorporated into root canal dentin. A comparison of the
calcium and silica uptake of adjacent root canals treated with MTA versus tricalcium

silicate demonstrated a greater uptake of the tricalcium silicate [Han et al. 2011].

Biocompatibility of Biodentine

Biodentine has ability to induce cell proliferation, mineralization foci formation
and homogeneous dentin bridge formation in rat teeth [Tran et al. 2012]. Biodentine
is able to increase TGF—Bl secretion from pulp cells and induce mineralized foci

formation early after its direct application onto the dental pulp in an entire human
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tooth culture model. The mineralization appeared in forms of osteodentine and

expressed markers of odontoblasts [Laurent et al. 2012].

ACTIVE
//IBIOSILICATE
TECHNOLOGY

Figure 3. Biodentine

Biodentine and WMTA showed less inflammatory cell response and had more
hard tissue formation than formocresol when used as a pulp dressing material in
primary pig teeth pulpotomy [Shayegan et al. 2012]. The authors concluded that
Biodentine and white mineral trioxide aggregate are both suitable and biocompatible
materials for pulp capping in primary teeth of pigs.

A clinical study on Biodentine pulpotomy compared with MTA pulpotomy and
laser pulpotomy in child age 5-9 years at 6 months follow-up found that Biodentine
had 90% success rate with 2 pain and swelling teeth from 20 teeth. The authors
concluded that pulpotomies performed with either MTA, Laser or Biodentine are
equally efficient with similar clinical/radiographic success and hence can be considered

as alternatives to Formocresol [Niranjani et al. 2015].
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CHAPTER IlI

MATERIALS AND METHODS

Research Question

Is there any difference in the treatment success between MTA and Biodentine
pulpotomy in primary molars?
Research Objective

To compare the treatment success between MTA and Biodentine pulpotomy

in mandibular primary molars.
Research Hypothesis

There is no difference in the treatment success between MTA and Biodentine

pulpotomy in mandibular primary molars.
Research Design

The study is a randomized controlled clinical trial.
Key words

Pulpotomy, Primary molars, MTA, Biodentine
Operational Definitions
1. Success of treatment

The treatment is successful if clinical and radiographic evaluation both
showed sign of success.

The clinical success refers to absence of subjective symptoms includes
absence of neither tenderness to percussion nor abnormal tooth mobility. The

tooth has no abscess or sinus opening.
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The radiographic success includes continuity of lamina dura, absence of
neither thickening of PDL, bifurcation nor periapical radiolucency. The radiographic
film shows no pathologic external root resorption or internal resorption. Root

canal obliteration is not considered as failure.

2. Biodentine pulpotomy

Biodentine pulpotomy refers to a primary teeth vital pulp therapy
technique. After complete caries removal, a coronal pulp amputation is
performed. After hemorrhage control, the pulp tissue is covered with Biodentine
as a pulp dressing material. Biodentine will be used as a base material as well,
according to the manufacturer instruction. The tooth is then restored with a

stainless steel crown (SSC).
3. MTA pulpotomy
MTA pulpotomy refers to a primary teeth vital pulp therapy technique.
After complete caries removal, a coronal pulp amputation is performed. After

hemorrhage control, the pulp tissue is covered with MTA followed by IRM and
SSC.

Population and Sample
1. Target population

The target population of this study is primary molars with deep carious

lesions that require pulpotomy treatment.
2. Study population
The study population comprises the mandibular primary molars of healthy
children that are in primary or mixed dentition stage under 7 years, eligible for
pulpotomy.
3. Sample

The sample population is mandibular primary molars in healthy children

who fulfill eligible criteria.
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Eligible Criteria

The eligible criteria were modified from the study of Holan et al. 2005,

Zealand et al. 2010 and Erdem et al. 2011 as follows:

1. Inclusion criteria

1.

Clinical criteria
- Tooth with deep carious lesion.
- Tooth with sufficient structure for stainless steel crown restoration.

- Tooth with no history of spontaneous pain, tenderness to percussion or

abnormal mobility, abscess, fistula or gingival swelling.

Tooth that is able to control bleeding after coronal pulp amputation.
Radiographic criteria
- Tooth with deep carious lesion in proximity of 1 mm. to the pulp without

furcation or radicular pathology, obliteration of the pulp and root canal,

or internal or external root resorption.

- Tooth that has physiologic root resorption less than 1/3 of the root

length.

2. Exclusion criteria

1.

Clinical criteria
Patient with systemic diseases
Tooth with caries exposed pulp.
Tooth with history of spontaneous pain, tenderness to percussion.
Tooth with abnormal mobility, abscess, fistula or gingival swelling.
Tooth, that has uncontrolled bleeding after coronal pulp amputation.

Tooth with insufficient structure for stainless steel crown restoration.
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- The child has uncooperative behavior during the examination, radiographic,
or the treatment procedures.

- Parents do not permit their child to participate in the study

2. Radiographic criteria

- Tooth with deep carious lesion in close proximity to the pulp with furcation
or radicular pathology, obliteration of the pulp and root canal, or internal or
external root resorption

- Tooth that has physiologic root resorption more than 1/3 of the root length.

Sample Size

From the study of Zealand et al., 2010 showed the overall success of MTA
pulpotomy at 6 months follow up to be 95 %.

Due to high success rates of MTA in all studies, we design this study as a non-
inferiority trial. Non-inferiority trials test whether the new intervention is not worse than
or at least as good as the established intervention. It cannot be shown statistically that
two therapies are identical, as an infinite sample size would be required (Friedman et
al. 2010).

Thus, the sample size in this study is obtained by designing the significant level
(A) at 95%, the level of power (B) at 90% and the size of the difference in response
(©) = 15%. The size of the difference in response (O) was obtained by inquiring expert
opinions regarding the accepted difference of the two treatments. Sample size
calculation was performed using the following formula [Friedman et al 2010]:

When p = success rate in MTA pulpotomy group = 0.95 (from Zealand et al. 2010)

ZQO = 1.96, 73 = 1.28, 0= 0.15

2N = dp (1 - p) (2O + Z[3? / 7

2N = 4(0.95) (0.05) (1.96+1.28)? / (0.15)
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2N = 88.6464
N = 44.3232

Thus, in this study, the number of samples in each group is 45. This is a
prospective study with 6 months of the follow up time. To compensate for sample
missing on drop out, 20% of the calculated sample will be added. As a result, the

total sample size in this study will be at least 54 teeth in each group.
Interventions

The materials used in the pulpotomy technique in this study were:
1. Treatment group
Biodentine® Active Biosilicate Technology®, Septodont, France
2. Control group
White ProRoot® MTA, Dentsply, International, Inc., USA

Instruments

Instrument during different visits were as follows:

1. During population selection

- Dental examination set including a tray, a mouth mirror and a no.5 explorer

- Cotton rolls and gauzes

- Portable dental chair with light

- Portable X-ray machine

- F-speed intraoral film, size 0

- Lead apron

- Screening form record

- Record format of clinical and radiographic investigation

- The letter informs details of study to ask for the permission from parents, and
consent form.

- The letter notifies recruitment results and suggestions in case of the selected

tooth for clinical investigation fail to follow inclusion criteria
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2. During pulpotomy treatment
- Dental examination set including a tray, a no.5 explorer, a mouth mirror and
cotton pliers.
- Cotton rolls and gauzes

- Dental unit with light, high power suction, a triple syringe, a high speed hand
piece and a slow speed hand piece

- Carbide bur No. 330, stainless steel round bur, Intensiv tapered diamond bur

D2 and D8
- Local anesthetic set including

- An aspirating syringe

A disposable 20mm. 27gauge needle

Topical anesthetic agent (18% benzocaine)

Local anesthetic agent (2% mepivacaine HCL with 1:100,000
epinephrine)
- Rubber dam set including

- 5x5 inches rubber dam sheet

A rubber dam frame

A rubber dam forcep

A rubber dam punch
- No.14 or 14A Ivory clamp
- Pulpotomy set including a sharp spoon excavator, a plastic instrument and a
disposable irrigating syringe
- Mouth gags
- Normal saline sterile
- Sterile cotton pellets
- ProRoot® MTA (Densply Co., USA)
- Biodentine® (Septodont)

- IRM® (Densply Co., USA)
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- Stainless steel crown (3M. USA)
- Treatment record form based on sample size group
3. During evaluation visits
- Dental examination set including a tray, a no.5 explorer, a mouth mirror and
cotton pliers
- Cotton rolls and gauzes
- Dental unit with suction and a triple syringe
- X-ray machine and film developing machine
- F-speed intraoral film, size 0

- Record form based on the criteria

Methods

This study was approved by the Human Research Ethics Committee of the
Faculty of Dentistry, Chulalongkorn University (HREC-DCU 2014-005) and the Ethical

Review Board of Somdej Pra Pinkloa Hospital (RP 035/57).
1. Recruitment of samples from the population

The sites for sample recruitment will be at the Pediatric Dental clinic,
Faculty of Dentistry Chulalongkorn University, schools in Bangkok metropolitan area
and patients from Somdej Pra Pinkloa Hospital. The recruitment procedure
includes oral and radiographic examination.

The children who fulfill the eligible selection criteria and the parents cave
written informed consent allowing them to participate in the study were recruited
into the study.

This study will use only lower primary molars to prevent pathological
diagnosis error due to superimpositions of permanent successors at periapical area

in the radiographic film.
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2. Allocation

Teeth that pass the clinical and radiographic examination and meet the

inclusion criteria will be selected for the study.

The study is a randomized controlled trial. Each child is considered as one
sample and used one tooth per child. The child is randomly assigned following
simple randomization procedures, using a computer-generated set of random
numbers, to 1 of 2 treatment groups. Initially, each sample will be treated with
coronal pulp amputation and hemorrhage control. Then, the randomization of
pulp dressing material will be performed. The coding for each group is as follows:

1 = Treatment group (Biodentine)

2 = Control group (MTA)
3. Concealment

A research assistant produced the randomization scheme and wrote a random
number for each sample in an envelope. At the time of pulp dressing material
application, another research assistant opened the envelope to get the assigned
intervention and dispensed the materials for the operator. However, the operator will
not be concealed due to the different characteristic of the materials. The patients
were not informed as to which arm of randomized grouping they were in.
4. Pulpotomy Techniques

The pulpotomy procedures are shown in table 5.

Table 5. Steps of pulpotomy treatment

Treatment Procedure

1. Local anesthetic injection with 2% Mepivacaine with 1:100,000 epinephrine

2. Rubber dam placement

3. Cavity - Cavity preparation with 330 carbide bur

preparation and | _ caries removal with a slow speed steel round bur and a

caries removal

spoon excavator
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Treatment

Procedure

4. Pulp access
and coronal
pulp

amputation

- Pulp chamber access with a tapered diamond bur (D8) and

water spray coolant

- Coronal pulp amputation with a tapered diamond bur (D8)

5. Hemorrhage

control

- Pulp tissue irrigation with sterile normal saline (NSS)

- Hemorrhage is controlled by placing moistened sterile

cotton pellets with direct pressure over the pulp tissue for

1-2 minutes

- If the bleeding persists, the previous method will be

repeated for the second time

- The other proper method will be used when the second

attempt of stop bleeding fails and the case will be

excluded from the study

6. Pulp dressing

materials

MTA pulpotomy

Biodentine pulpotomy

The pulp tissue is covered
with MTA to a depth of 3 -4
mm.

MTA is prepared by mixing 3
parts of powder with 1 part
of sterile water on a glass
slab and placed on the pulp
tissue using an amalgam

carrier and gently packed

with a moisten cotton pellet.

The pulp tissue is covered
with Biodentine. Biodentine is
prepared by dispensing 5
drops of the liquid part into
the powder part in the
capsule. The capsule is
placed on a mixing device
(amalgamator) and mixed for
30 seconds. Biodentine is
handled with an amalgam
carrier and placed on the
pulp tissue and gently
packed with an amalgam

condenser
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Treatment Procedure

7. Base material | A cement based of zinc oxide eugenol (ZOE) is placed over

the pulp dressing material

8. Final The tooth is then restored with a stainless steel crown (SSC)

restoration

5. Evaluation

The clinical and radiographic evaluations were performed at 6 months
after the treatment to determine success and failure of the two treatments. All

follow-up examinations were performed at the dental clinic.

In instances where failure was recorded the tooth was excluded from

further assessment and appropriate treatment was provided.
Measurement
1. Variables
1.1 Independent variable

The independent variable is the intervention given, ie. MTA and
Biodentine.

1.2 Dependent variable

The dependent variable is the success of the treatment at 6 months.

2. Outcome measurement

The clinical and radiographic evaluation will be performed at 6 months
after the treatment. The success criteria were modified from the study of Holan et
al., 2005 and Zealand et al., 2010 as follows:

2.1 Clinical success

Clinical criteria
- Absence of subjective symptoms
- No tenderness to percussion

- No abnormal tooth mobility
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- No abscess or sinus opening
2.2 Radiographic success
Radiograph criteria
- Continuity of lamina dura
- Absence of thickening of PDL, bifurcation and periapical radiolucency
- Absence of pathologic external root resorption
- Absence of internal resorption
- Dentine bridge formation

- Pulp canal obliteration is not evaluated as failure

2.3 Combined treatment success

The treatment is considered success if clinical and radiographic

evaluation both showed sign of success.

3. Control Measure for Reliability of the Data

The examiner assessed for the intra-examiner reliability with respect to the
recording of clinical and radiographic pulpotomy success. The examiner will be other
dentist than the operator. At the recall examination, the evaluator examined children
with respect to the recording of clinical and radiographic pulpotomy success. Kappa of

at least 0.8 was accepted for good agreement.

Data Collection

Demographic data was completed by a dental assistant who filled up the data
record form (Appendix). Outcomes for clinical and radiographic success were assessed
and compared at 6 months after pulpotomy procedure by one evaluator other than
the operator.

The data collection form comprised the following information:

1. Demographic data

a. Name

b. Date of birth
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c. Gender

d. School
2. Clinical and radiographic data

The success and failure criteria were modified from Zealand et al. 2010

and Sushynski et al. 2012 and were recorded as a code shown in table 6.

Table 6. Criteria for clinical and radiographic scoring

Code | Clinical criteria Radiographic criteria *
- Any sign of subjective symptoms | - Progressive discontinuity of lamina dura
0 - Tenderness to percussion -Thickening of PDL, bifurcation and periapical
- Abnormal tooth mobility radiolucency
Failure , , : .
- Sinus tract opening - Pathologic external root resorption

- Progressive internal resorption

- Improved discontinuity of lamina dura

1
- - Arrested external root resorption
observed ) ) )
- Arrested/ improved internal resorption
- Absence of subjective symptoms | - Continuity of lamina dura
- No tenderness to percussion - Absence of thickening of PDL, bifurcation
2 - No abnormal tooth mobility and periapical radiolucency
Success | - No abscess of sinus tract opening | - Absence of pathologic external root
resorption

- Absence of internal resorption

» Root canal obliteration is not considered as failure

Overall treatment outcome

Code Clinical code Radiographic code Overall results
1 guccess 2 2 Success
0 _faiture 0 0,1 Failure

The overall treatment outcome is considered successful if clinical and
radiographic evaluations both showed signs of success. If the radiographic or clinical
evaluation showed sign of failure the case is considered failure. The internal resorption
and external root resorption are considered Observed if the pathology does not

progress at further follow-up evaluations. This will be considered as Success. Lamina
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dura discontinuity is also considered as Observed group. If the pathology improved it

will be considered Success, but if it persists the tooth will be considered Failure.

Diagram of study design

Target population

Mandibular primary molars with deep carious lesion

U

Sample population

Mandibular primary molars of healthy children, age 5-7 years old

U

[ Intervention ]

One operator

Ol ()

Experimental pulp dressing Control pulp dressing material
material (ProRoot® MTA)
Qutcome

Clinical and radiographic success at 6 months

One examiner

R = randomization
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Data Analysis

This study uses the Statistical Package for Social Sciences v 17.0 (SPSS Inc,
Chicago, IlL,, USA) to analyze data as follows:

1. Descriptive data

1.1 Analyze mean age and gender of the sample including identify the type of
tooth or teeth under the study.

1.2 Analyze the percentage of success in both groups at the 6th month after

treatment period categorized as follows:
- Percentage of clinical success
- Percentage of radiographic success
- Percentage of combined treatment outcome success

2. Analytical data

Analyze the difference between clinical treatment outcomes, radiographic
treatment outcomes and the overall treatment outcomes from both groups using

Fisher’s exact test (p<0.05).

Ethical Considerations

1. Children who participate in this study must be willing to join the study.

2. Parents sign consent form for their child to participate in the study. The parents
will be informed about the objectives of the study, study process, and the
advantages and disadvantages of treatment prior to making decision for their child
to participate in the study.

3. The treatment procedure is a common treatment for deep caries in primary teeth.
Materials used in the study are safe and were approved by the United State of
America Food and Drug Administration (FDA).

4. During the study, if there is failure due to clinical manifestations of the patient,
further treatment will be provided by the researcher. In addition, if there is lesion
of nearby tooth/teeth under the study, further treatment will be provided as

necessary.
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CHAPTER IV

RESULTS

Demographic characteristics

A total of 40 children, 21 males (52.5%) and 19 females (47.5%), were included
in this study. Twenty patients were treated with MTA pulpotomy and 20 patients were
treated with Biodentine pulpotomy. All patients were available for the 6-months
evaluation.

The age of the patients ranged from 3.8 — 7.5 years (male 4.6 — 7.5 years, female
3.8 — 7.3 years), with a mean age of 6.3 years (Table 7).

Table 7. Number and mean age of patients in each group

Gender N (%) Mean age
Male 21 (52.5) 6.5
Female 19 (47.5) 6.1
Total 40 (100) 6.3

The distribution of primary teeth according to the pulpotomy materials was
shown in table 4-2. In MTA group (n=20), 12 first primary molars and 6 second primary
molars were treated. In Biodentine group (n=20), 9 first primary molars and 11 second
primary molars were treated. The most frequently treated tooth was the mandibular
first molar in MTA group (35%) while, in Biodentine group the mandibular second molar

was the most frequently treated tooth (27.5%).

Table 8. Distribution of primary teeth according to the pulpotomy materials.

Materials
Mandibular primary teeth Total (%)
MTA (%) Biodentine (%)
First molar 14 (35) 9 (22.5) 23 (57.5)
Second molar 6 (15) 11 (27.5) 17 (42.5)
Total 20 (50) 20 (50) 40 (100)
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Measure for Reliability of the Data

Two examiners participated in this study, one clinical examiner and one
radiographic examiner. Both examiners were blinded to the treatment groups. The
intra-examiner reliability was calculated by examining 10% of the sample size. The
reliability results for the clinical and radiographic examiners were 1.0 and 0.88

respectively (Cohen’s kappa), indicating good reliability.
Clinical findings

The clinical scores at 6 months evaluation are shown in table 9 and the clinical

outcomes are shown in Table 10.

Table 9. Six-month clinical scores

Success Failure

Material | NoS | NoP [ NoM | NoF [ Total | s(n) | P(n) | M(n) | F(n) | Total

| )| () | (n (n) (n)

Biodentine | 20 20 20 20 20 0 0 0 0 0

MTA 20 20 20 20 20 0 0 0 0 0

* S= Subjective symptoms
P= Tenderness to percussion
M= Tooth mobility

F= Fistula or pus exudate

Table 10. Six-month clinical outcomes

Clinical outcome

Material
Success (%) Failure (%) Total (%)

Biodentine 20 (100) - 20 (100)

MTA 20 (100) - 20 (100)
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The radiographic score at 6 months evaluation are shown in table 11.

Table 11. Six-months radiographic score

Radiographic score

Material Success Observed
Total (n)
N (n) PCO (n) IRR (n) | ERR (n) | LDD (n)
Biodentine 9 7 - 1 3 20
MTA 8 10 1 - 1 20

* N = No pathology

PCO = Pulp canal obliteration

IRR = Internal root resorption

ERR= External root resorption

LDD = Lamina dura discontinuity

The radiographic outcomes are shown in table 12. The failure group consists of

internal root resorption (IRR), external root resorption (ERR) and lamina dura

discontinuity (LDD). Pulp canal obliteration (PCO), which was classified as an Observe

group, was detected in both Biodentine and MTA groups.

Table 12. Six-months radiographic outcomes

Radiographic outcome
Material Observed
Success (%) Total (%) | PCO (%)
IRR (%) ERR (%) | LDD (%)
Biodentine 16 (80) - 1 (5) 3 (15) 20 (100) 7 (43.8)
MTA 18 (90) 1(5) - 1(5) 20 (100) 10 (55.6)

The combined clinical and radiographic scores at 6 months follow up are

shown in table 13 and the overall treatment success at 6 months are shown in table

14. Since all the subjects who had radiographic failures in both groups had clinical

success, therefore they were considered in the observe group (code 1 in table 6)
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Clinical (n) Radiographic (n) Combined score (n)
Material
success failure success observed success observe
Biodentine 20 0 16 4 16 4
MTA 20 0 18 2 18 2

Table 14. Six-months overall treatment success

Clinical Radiographic Overall Success | Observation
Material
Success (%) Success (%) (%) (%)
Biodentine 20 (100) 16 (80) 16 (80) 4 (20)
MTA 20 (100) 18 (90) 18 (90) 2(10)

Analytical data

The data were analyzed using the Statistical Package for Social Sciences v 17.0

(SPSS Inc, Chicago, ILL,, USA), the results are shown in figure 4-1.

Clinical success were not analyzed since the success rates were 100% in both

groups.

Radiographic outcomes and overall outcomes were tested using a 2-tailed,

Fisher’s exact test. Statistical significance was determined at P<0.05. There were no

statistically significant difference in the radiographic and overall success rates in both

groups
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CHAPTER V

DISCUSSION

Discussion

Pulpotomy is a procedure performed in primary tooth with deep carious lesion
adjacent to pulp, where inflamed coronal pulp is amputated to preserve the vitality
of radicular pulp. Various medicaments such as formocresol (FO), ferric sulfate and MTA
were applied to the pulp tissue to preserve the radicular pulp vitality and to maintain
the tooth in the oral cavity until its normal exfoliation.

This study reports the clinical and radiographic success rates of Biodentine and
MTA pulpotomy. The clinical evaluation at 6 months showed 100% success rates in
both groups. The radiographic evaluation showed 90% success in MTA group and 80%
success in Biodentine group.

This study is a clinical control trial. The pulpotomy procedure is performed by
an operator who is a trained pediatric dentist. Both clinical and radiographic examiners
are experts in the pediatric dentistry. The study design is one tooth per child. However,
it would be better to design a split mouth study in order to obtain a self-control and
eliminate possible confounding factors. We could not perform such a study due to
lack of samples. It is difficult to find two eligible teeth for pulpotomy on opposite sides
of the arch in the same patient. A randomization prevents bias in this study. A study
comparing MTA with FC as a pulpotomy medicament recruited a wide range age group
(2.5-to 10-year-olds) found that there were more failure in younger age group (6-24
months follow-up) [Sushynski et al. 2012]. Age of patients may influence the results of
the study due to dental pulp maturation and regeneration ability, as well as the

anatomy of furcation and accessory canals, may differ as primary teeth age. In this
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study, we select the range of patient’s age at 3.8 — 7.5 years in both groups in order
to obtain a long term follow-up without tooth exfoliation.

Radiograph interpretation in primary teeth is complicated due to the
superimposition of the permanent tooth bud especially in the maxillary primary molar
areas. The superimposition may lead to errors of radiographic interpretation. Our study
selected only mandibular primary molars to avoid such situation and increase the
accuracy of radiographic interpretation. The restoration after pulpotomy is another
factor to the success of treatment. A study demonstrated that a class I amalgam
restoration after pulpotomy had a higher failure rate when compared to stainless steel
crown (SSC) restoration [Holan et al. 2002]. In this study, all pulpotomized teeth were
restored with SSC in the same visit to prevent possible failure from microleakage. In
cases that adjacent teeth to the pulpotomy teeth were decayed, the teeth were also
treated to prevent any harm that may affect the experimental teeth.

Biodentine was used in this study because it possesses similar compositions as
MTA but with improvements in physical properties. It has shorter setting time (12
minutes) and easy to manipulate [Nowicka 2013], in addition it contains raw materials
with a known degree of purity [Pradelle-Plasse 2009]. Biodentine has an ability to
induce dentin bridge formation in a period of 120 days in dog teeth [De Rossi 2014].
The researchers found that the mineralized tissue bridge formation after Biodentine
pulpotomy had similar morphology and integrity to those of MTA [De Rossi 2014]. An
In vivo study showed that Biodentine is able to stimulate dentinal bridge formation
with absence of inflammatory pulp response similar to MTA in human pulp cells
[Nowicka 2013]. A case report demonstrated favorable responses (dentine bridge
formation, continue root development) after using Biodentine as a pulp dressing
material in an immature second right mandibular premolar with caries exposure at 6

months follow up [Villat 2013].
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MTA was used as a control since it is a material with documented high success
rates in many studies with pulpotomy performed in primary teeth [Agamy 2004, Holan
2005, Zealand 2010]. MTA has shown greater outcomes in primary teeth pulpotomy
as compared to other medicaments such as formocresol or ferric sulfate [Moretti 2008,
Sonmez 2008]. Several studies have shown that MTA is biocompatible, and promotes
regeneration of the original tissues when it is placed in contact with the dental pulp
or periradicular tissues [Torabinejad 1999, Accorinte 2008, Paranjpe et al. 2011]. MTA
promotes differentiation of the pulp cells into odontoblast-like cells, which in turn are
responsible for dentin bridge formation [Paranjpe et al. 2011]. MTA has ability to induce
dentin bridge formation in 30 days [Accorinte 2008]. However, MTA has a long setting
time (2.45 hours), difficult handling characteristics [Walker 2013] and may contain heavy

metals [Schembri 2010].

Based on this study’s results, the overall success rates differ by 10% when
comparing the Biodentine group to the control group at a 6-month follow-up. The
difference is not statistically significant. A larger number of observations may be
needed to allow the detection of a statistically significant difference between the
treatment groups. The clinical successes were 100% in both groups. Previous studies
have found 97-100% success rates of MTA pulpotomy after a follow-up period of 6-30
months [Eidelman 2001, Holan et al. 2005, and Zealand et al. 2010]. A clinical study
on Biodentine pulpotomy compared with MTA and laser observed pain and swelling
in 2 teeth from 20 teeth treated with Biodentine at 6 months evaluation [Niranjani et
al. 2015]. They found pain and swelling in teeth treated with Lasers (2 from 20 teeth)
at 6 months follow-up and the MTA group revealed no abnormal clinical or
radiographic findings. The authors use both upper and lower molars which is in contrast

with this study that used only lower primary molars.
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The radiographic success of Biodentine group (80%) was lower than MTA group
(90%), but not statistically different. The radiographic failures were internal root
resorption (IRR), external root resorption (ERR) and lamina dura discontinuity (LDD).
Internal resorption following pulpotomy is considered to be indicative of inflammation
of the residual pulp [Smith 2000]. The MTA group showed 1 IRR which is in accordance
with previous studies that found IRR in the range of 3-4% [Holan et al. 2005, Zealand
et al. 2010]. External root resorption is enhanced by substances released from
inflammatory cells in the surrounding tissues, such as osteoclast activating factor and
macrophage chemotactic factor [Gunraj 1999]. In this study, 1 ERR was found the
Biodentine group. There were no studies with ERR after MTA pulpotomy. However, all
teeth that showed radiographic failure signs in this study were symptom-free and were
judged to be clinical success, they will be left for follow-up and not considered as
failure.

Pulp canal obliteration (PCO) is another common radiographic finding in
pulpotomized teeth [Chacko 2006]. PCO is a result of odontoblastic activity which
indicates pulp vitality, therefore PCO is not considered a failure [Eidelman 2001]. In
this study, PCO was found in both groups, 35% in Biodentine group and 50% in MTA
group which is in accordance with many studies [Agamy et al. 2004, Holan et al. 2005,
and Zealand et al. 2010]. One study found 5% PCO after white MTA pulpotomy at 12
months follow up [Agamy et al. 2004]. Another study observed 58% PCO in MTA
pulpotomy after a mean of 20.5 months follow up (7 to 46 months) [Holan et al. 2005].
Zealand and colleagues found 37% PCO after MTA pulpotomy at 6 months follow up
[Zealand et al. 2010].

The radiographic findings in previous studies found dentine bridge formation
(DB) in MTA group [Moretti 2008, Zealand et al. 2010]. One study found DB in 1 from
15 teeth after 6 months follow-up [Moretti 2008]. Another study found 22% DB after

6 months [Zealand et al. 2010]. However, in our study DB was not observed. Gray MTA
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induced more DB formation than white MTA [Maroto et al. 2006]. This may explain our
findings since white MTA was used in this study, while other studies used gray MTA.

The high success rate of both MTA and Biodentine due to the similarity of the
materials compositions. Both consist of tricalcium silicate as a main component. The
setting reactions are hydrating reaction which produce calcium silicate hydrate and
calcium hydroxide as a byproduct. Calcium hydroxide (CH) has been considered the
gold standard for pulp capping material since the 1930s [Cox 2001]. CH promotes the
differentiation of odontoblasts or odontoblast-like cells, which will form a dentine
bridge in the pulp [Schroder 1972]. However, CH induced internal root resorption
following pulpotomy [Schréder 1978]. It can be assumed that MTA has the same
effects because of the release of calcium hydroxide. MTA has shown a significantly
greater frequency of dentin bridge formation, thicker and less porous dentin, and less
pulp inflammation compared with CH [Accorinte 2008]. Silicon from the setting
reaction may be another factor of the high success rate. Silicon is an environmental
element that binds to glycosaminoglycans playing a role in cross-linking of this
molecule with collagen, preventing their enzymatic degradation and promoting
collagen stabilization [Valerio et al 2004]. Collagen type | is the predominant collagen
in dentin and provides a structural framework for inorganic deposition [Peng et al.
2011].

MTA is available as Proroot MTA (Dentsply, Paris), but the price is very high.
Once the envelope is open the material cannot be kept. This may not be suitable for
pediatric use. Biodentine has lower price, shorter setting time and easier to handle as

compared to MTA. Biodentine may be a good alternative for primary tooth pulpotomy.

The pulpotomy success rates investigation need long-term follow up. Further
studies are suggested to apply Biodentine use in other procedures such as direct pulp

capping or partial pulpotomy.
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Conclusion
Based on this study’s results and the combined 6-month follow-up, the
following conclusions can be made

1. The combined clinical and radiographic success rates at the 6-month follow-
up were 80% for Biodentine and 90% for MTA. The success rates were not

statistically difference.

2. Variables such as molar type and gender did not appear to influence
pulpotomy success of the Biodentine group vs the MTA group at the combined

6-month follow-up.

3. Biodentine can be an alternative for primary teeth pulpotomy.
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group
Biodentin T2 Total

result  failure Count 4 2 ]
% within group 20.0% 10.0% 15.0%

success  Count 16 18 34

% within group a30.0% 90.0% 35.0%

Total Count 20 20 40
% within group 100.0% 100.0% 100.0%

Figure 1. Results showing percentage of radiographic success

Chi-Square Tests

Asvmp. Sia. Exact Sin. (2- Exact Sig. (1-
Yalug of r2-gided) sided) sided)
Fearson Chi-Square Fg42 1 376
Continuity Carrectiont 1496 1 658
Likelihood Ratio a7 1 372
Fisher's Exact Test BE1 A3
Linear-by-Linear FE5 1 .38z
Assaciation
M ofvalid Cases 40

a. 2 cells (90.0%) have expected count less than 5. The minimum expected countis 3.00.
h. Computed only for a 2x2 tahle

Figure 2. Results showing Fisher’s exact test (p>0.05) with no statistically significant difference in

both groups.
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