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RESUMO

Objetivo: avaliar as propriedades quimicas ¢ mecanicas nas margens de cimentos
resinosos fotopolimerizaveis com diferentes fotoiniciadores, utilizando duas fontes de luz
(monowave e poliwave). Materiais e métodos: trés tipos de cimentos resinosos foram
utilizados, com diferentes fotoiniciadores: canforoquinona, sistema APS e Ivocerin.
Trinta amostras foram confeccionadas e divididas em 6 grupos (n=5). As amostras de
cimento resinoso foram feitas no formato de um incisivo central superior (dente 11) e
fotoativado sob uma lamina de ceramica com espessura de 0,5mm. Foi utilizado um
fotopolimerizador unico que emite dois tipos de luz (mono e poliwave), apenas alterando
a ponteira (Radii Xpert, SDI). A ponta do equipamento foi posicionada no centro da
amostra, utilizando um dispositivo especifico. Para avaliar o grau de conversido foi
realizada a espectroscopia Raman e para dureza foi realizado teste de microdureza Knoop.
Ambos avaliaram cinco regides nas amostras: cervical, mesial, vestibular (centro), distal
e incisal. Resultados: para o grau de conversao houve diferenca significativa apenas para
tipo de cimento (p<0,001) mostrando o cimento com fotoiniciador APS apresentando
resultados satisfatorios; para dureza houve diferenca significativa para tipo de cimento,
novamente o cimento com sistema APS (p<0,001), tipo de luz monowave (p<0,001),
regido vestibular (p<0,001) e interagdo tipo de cimento X tipo de luz (p<0,001).
Conclusao: a fonte de luz quando avaliada entre poliwave ou monowave pode ndo ser
um fator determinante nos resultados de propriedades fisicas dos cimentos resinosos,
visto que independente da luz, os resultados serdo satisfatorios. A regido vestibular
apresentando melhores resultados, deixa como uma alerta a necessidade de maior
quantidade de fotopolimerizagdo nas margens da cimentacdo. O fotoiniciador dos
cimentos resinosos na maioria das vezes pode e deve ser fotoativado com um
equipamento de boa qualidade, mas a quantidade de feixes de luz ndo ira interferir em

resultados negativos no seu desempenho.

Palavras-chaves: cimento resinoso, fotoiniciador, fotopolimerizador



ABSTRACT

Objective: To evaluate the chemical and mechanical properties at the margins of light-
cured resin cements with different photoinitiators, using two light sources (monowave
and polywave). Materials and methods: Three types of resin cements were used, with
different photoinitiators: camphoroquinone, APS system and Ivocerin. Thirty samples
were made and divided into 6 groups (n=5). The resin cement samples were made in the
shape of a maxillary central incisor (tooth 11) and photoactivated under a 0.5 mm thick
ceramic sheet. A single light curing unit emitting two types of light (mono and polywave)
was used, only changing the tip (Radii Xpert, SDI). The tip of the equipment was
positioned in the center of the sample, using a specific device. To evaluate the degree of
conversion, Raman spectroscopy was performed, and for hardness, Knoop microhardness
testing was performed. Both evaluated five regions in the samples: cervical, mesial,
buccal (center), distal and incisal. Results: for the degree of conversion there was
significant difference only for the type of cement (p<0.001) showing the cement with
APS photoinitiator presenting satisfactory results; for hardness there was significant
difference for cement type, again the cement with APS system (p<0.001), type of
monowave light (p<0.001), vestibular region (p<0.001) and interaction type of cement X
type of light (p<<0.001). Conclusion: The light source when evaluated between polywave
or monowave may not be a determining factor in the results of physical properties of resin
cements, since regardless of the light, the results will be satisfactory. The vestibular
region presenting the best results, leaves as a warning the need for a greater amount of
photopolymerization at the margins of the cementation. The photoinitiator of resin
cements in most cases can and should be photoactivated with good quality equipment,

but the quantity of light beams will not interfere in negative results in its performance.

Keywords: resin cement, photoinitiator, photopolymerizer



1. INTRODUCAO E REFERENCIAL TEORICO

Os cimentos resinosos evoluiram consideravelmente ao longo dos anos, e trouxeram
para a Odontologia o avango na cimentagdo de pegas em ceramica. O cimento resinoso ¢ um
material de cimentagcdo com objetivo de unir estruturas distintas com uma caracteristica fluida
e a base de resina. (1) Para que esse material seja considerado de boa qualidade, ¢ necessario
possuir algumas caracteristicas ideais, como: tempo de trabalho satisfatdrio, facil remogao de
excessos, baixa sensibilidade técnica ao operador, pequena espessura de pelicula, boas
propriedades fisicas, baixa solubilidade e boa adesdo. (1,2)

Desta forma, para um bom desempenho clinico a longo prazo deste material, um fator
fundamental é o processo de fotoativagao. Fotopolimerizagdo é uma reagdo quimica em que o
processo ¢ ativado pela luz e moléculas de mondmeros reagem para formar cadeias poliméricas
tridimensionais. (3) O objetivo ¢ transformar instantaneamente um mondmero liquido em um
polimero solido apods a exposicdo a luz. A exposi¢ao a luz é capaz de excitar o sistema
fotoiniciador presente no material a base de resina para gerar radicais livres e, assim, iniciar a
polimerizagao do material. (4) Um material restaurador que ndo obteve uma boa qualidade de
polimerizacdo, ou seja, subpolimerizado, pode resultar em falhas clinicas prematura, devido a
defeitos marginais, caries recorrentes ou até fratura de restauracao. (5)

A busca pela estética de materiais resinosos, trouxe aos fabricantes ¢ missdo em
desenvolver materiais que comportem de tal forma. Para materiais resinosos, que necessitam
de fotoiniciador, tornou-se claro a necessidade de substituir ou no minimo diminuir o uso, da
Canforoquinona, fotoiniciador mais utilizado no mercado, mas que suas propriedades
amareladas, contribuiam para a pigmentacdo do material, tornando assim uma estética
comprometida. (6) Outros fotoiniciadores como o TPO (6xido trimetilfosfinico), Ivocerin
(benzonil germanico) e PPD (fenil propanodiona) foram inseridos no mercado. Porém, alguns
sistemas fotoiniciadores absorvem luz violeta, e quando esta luz ndo ¢ emitida pela unidade de
luz, o fotoiniciador ndo ¢é efetivado de forma eficiente, reduzindo o grau de conversao do
material resinoso. (7)

Com a inclusdo de outros sistemas fotoiniciadores, que absorvem diferentes picos de
luz, novas unidades de luz foram lan¢adas no mercado. Os equipamentos de fotopolimerizagao
de diodo emissor de luz (LED) de primeira e segunda geracdo unidades (LCUs) mostram um
pico de emissdo (monowave) que corresponde ao espectro de absor¢dao de CQ (430-500 nm)
(8). O equipamento de fotopolimerizacao de diodo emissor deluz (LED) de terceira geracao sao

considerados dispositivos de amplo espectro. Eles tém dois ou mais picos de emissdao



(poliwave) com comprimentos de onda mais estreitos; violeta para ativar fotoiniciadores
alternativos e azul para ativar CQ. (9,10)

Portando, o objetivo do presente estudo foi avaliar as propriedades mecanicas de
cimentos resinosos fotopolimerizaveis com diferentes fotoiniciadores, utilizando um tnico
aparelho de fotoativagao, alterando a fonte de luz entre poliwave e monowave, em cincos pontos
especificos da cimentagdo: cervical, mesial, vestibular (centro), distal e incisal. As hipdteses
nulas foram: 1) a fonte de luz mono ou poliwave ndo afetard as propriedades do cimento
resinoso 2) a regido vestibular(centro) apresentara melhores resultados de propriedades,

comparado a demais regides



CAPITULO 1

Artigo sera submetido na revista Operative Dentistry “The oficial jornal of: the
Academy of American Gold Foil Operators, the Academy of Operative Dentistry, and
the Academy of R. V. Tucker Study Clubs”
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INFLUENCE OF MONOWAVE AND POLYWAVE LIGHT UNITS ON THE
HARDNESS AND DEGREE OF CONVERSION OF LIGHT CURED RESIN CEMENT

Objective: To evaluate the chemical and mechanical properties at the margins of light-
cured resin cements with different photoinitiators, using two light sources (monowave
and polywave). Materials and methods: Three types of resin cements were used, with
different photoinitiators: camphoroquinone, APS system and Ivocerin. Thirty samples
were made and divided into 6 groups (n=5). The resin cement samples were made in the
shape of a maxillary central incisor (tooth 11) and photoactivated under a 0.5 mm thick
ceramic sheet. A single light curing unit emitting two types of light (mono and polywave)
was used, only changing the tip (Radii Xpert, SDI). The tip of the equipment was
positioned in the center of the sample, using a specific device. To evaluate the degree of
conversion, Raman spectroscopy was performed, and for hardness, Knoop microhardness
testing was performed. Both evaluated five regions in the samples: cervical, mesial,
buccal (center), distal and incisal. Results: for the degree of conversion there was
significant difference only for the type of cement (p<0.001) showing the cement with
APS photoinitiator presenting satisfactory results; for hardness there was significant
difference for cement type, again the cement with APS system (p<0.001), type of
monowave light (p<0.001), vestibular region (p<0.001) and interaction type of cement X
type of light (p<<0.001). Conclusion: The light source when evaluated between polywave
or monowave may not be a determining factor in the results of physical properties of resin
cements, since regardless of the light, the results will be satisfactory. The vestibular
region presenting the best results, leaves as a warning the need for a greater amount of
photopolymerization at the margins of the cementation. The photoinitiator of resin
cements in most cases can and should be photoactivated with good quality equipment,

but the quantity of light beams will not interfere in negative results in its performance.

Keywords: resin cement, photoinitiator, photopolymerizer



INTRODUCTION

Resin cements have evolved considerably over the years, and have brought to
dentistry advances in the cementation of ceramic pieces. Resin cement is a cementation
material that aims to bond distinct structures with a fluid and resin-based characteristic.
(1) For this material to be considered of good quality, it must have some ideal
characteristics, such as: satisfactory working time, easy removal of excess, low technical
sensitivity to the operator, small film thickness, good physical properties, low solubility
and good adhesion.(1,2)

Thus, for a good long-term clinical performance of this material, a fundamental
factor is the photoactivation process. Photopolymerization is a chemical reaction in which
the process is activated by light and monomer molecules react to form three-dimensional
polymeric chains.(3) The goal is to instantly transform a liquid monomer into a solid
polymer after exposure to light. Exposure to light is able to excite the photoinitiator
system present in the resin-based material to generate free radicals and thus initiate
polymerization of the material. (4) A restorative material that has not achieved a good
quality of polymerization, underpolymerized, may result in premature clinical failure due
to marginal defects, recurrent caries or even fracture of the restoration.(5)

The search for the aesthetics of resin materials, brought to the manufacturers and
mission to develop materials that behave in such a way. For resin materials that require
photoinitiators, it has become clear the need to replace, or at least reduce the use of
camphoroquinone, the most widely used photoinitiator in the market, but its yellowish
properties contributed to the pigmentation of the material, thus compromising aesthetics.
(6) Other photoinitiators such as TPO (trimethylphosphinic oxide), Ivocerin (Germanic
benzonyl) and PPD (phenyl propanedione) have been introduced in the market. However,
some photoinitiator systems absorb violet light, and when this light is not emitted by the
light unit, the photoinitiator is not effective, reducing the degree of conversion of the resin
material.(7)

With the inclusion of other photoinitiator systems, which absorb different peaks
of light, new light units have been launched in the market. The first and second generation
light emitting diode (LED) light curing units (LCUs) show a peak emission (monowave)
that corresponds to the QC absorption spectrum (430-500 nm) (8). Third generation light

emitting diode (LED) photopolymerization equipment are considered to be broad



spectrum devices. They have two or more emission peaks (polywave) with narrower
wavelengths; violet to activate alternative photoinitiators and blue to activate CQ. (9,10)

Therefore, the aim of this study was to evaluate the mechanical properties of light-
cured resin cements with different photoinitiators using a single photoactivation device,
changing the light source between polywave and monowave, at five specific cementation
points: cervical, mesial, vestibular (center), distal and incisal. The null hypotheses were:
1) the mono or polywave light source will not affect the properties of the resin cement. 2)

the buccal (center) region will have better property results compared to the other regions.

MATERIALS AND METHODS
Study Design

Three types of photoactivated resin cements with different photoinitiators were
used in the study: camphorquinone (Megalink Esthetic; Odontomega, Sdo Paulo, Brazil);
APS system (Allcem Veneer;FGM, Santa Catarina, Brazil); Ivocerin (Variolink Esthetic
LC; Ivoclar Vivadent, Schaan, Liechtenstein). (Figure 1)

A lithium disilicate ceramic block (IPS e.max CAD, Ivoclar Vivadent, Schaan,
Liechtenstein) HT/A1/C14 was cut to a thickness of 0.5 mm, simulating a veneer, using
a precision saw (Isomet 1000, Buehler, Lake Bluff, IL, USA). The ceramic sample was
then crystallized in a dental furnace (Programat EP 3010, Ivoclar Vivadent). The Radii
Xpert (SDI Limited., Victoria, Australia) light curing device with two light source tips,
one monowave and one polywave, the light intensity is 1500mW/cm?, and was used to
light cure the cements according to each experimental group. (Figure 2)

Specimen Preparation

The samples were initially developed using a template following the shape of a
maxillary central incisor, tooth 11. A 3 mm thick, transparent acetate plate was used. On
this plate, a maxillary central incisor was designed, taking as reference the trapezoidal
shape of the tooth, 10 mm high and 9 mm wide and cut with a diamond bur n° 3122 (KG

Sorensen, Cotia, SP, Brazil).

With the cut and the ideal size made on the plate, the samples were made with
resin cement as follows: initially a glass plate was placed as a support, a mylar strip on
top and then the acetate plate with the mold of the tooth, a portion of the resin cement,
another strip of polyester and the ceramic sample with 0,5 mm of thickness were placed

(figure 3), followed by light curing for 40 seconds. To photoactivate the samples, the



Radii Xpert (SDI Limited, Victoria, Australia) was used, because in a single device it is
possible to place a polywave or monowave tip (Figure 4). The device was positioned on
a specific support so that the equipment does not move during the photoactivation for the
production of samples. Using the two tips provided by the manufacturer, the samples were
photoactivated according to the pre-defined groups. After photoactivation, the cement
was inserted in the acetate plate, exactly in the shape of the tooth. The samples were

stored in an incubator for 24hrs until laboratory tests.
Group Distribution

A total of 30 samples were used, divided into 6 groups, and 3 types of
photoactivatable resin cements, changing the light source between polywave and
monowave. Within each sample, 5 different regions were evaluated, generating the

following experimental groups:

CIMENTO VARIOLINK Cacir et acLs
ESTHETIC rUPO 2

G2-1G2-2G2-3G2-4 G2-5

CIMENTO ALLCEM GRUPO 3
VENNER G3-1G3-2 G3-3 G3-4 G3-5
CERAMIC GRUPO 4
VENNERS

G4-1 G4-2 G4-3 G4-4 G4-5

CIMENTO MEGALINK o P e
ESTHETIC

GRUPO 6
G6-1 G6-2 G6-3 G6-4 GE-5

Raman spectroscopy

A LabRam HR Evolution Raman spectrometer (Horiba LabRam, Villeneuve
d’Ascq, France) was used to evaluate the degree of conversion of the cements. The
measurements were carried out 24 hours after light curing of the resin cement samples.
The samples were evaluated at the 5 pre-established regions and the parameters used at
the time of the test were: Spectrum (cm-1): 1300 (centered); Acquisition time(s): 15s;
Accumulation: 9 (repetitions); DuoScan dot: Off; Target: x100Vis; Grid: 600 gr/mm; ND
Filter: 25%; Laser: 532 nm (100% = ~ 50 mW); Hole: 400; Range: Visible; Estimated

time: 2 min 15 s (per spectrum).

The post-processing of the spectra was performed with OriginPro 2018 software
(OriginLab Corporation, Northampton, MA, USA), the peaks were integrated, and the
ratio was automatically given by the software. An equation based on the data obtained

was used to measure the degree of conversion:



0/ \— R (pobmerized )
DC( A)) (R (non—polyneirized ))XIOO

where R is the ratio of aliphatic and aromatic peak areas at 1637 cm™ and 1608 cm™! in
polymerized and unpolymerized resin cements. One sample of each cement,

unpolymerized, underwent the test.
Microhardness test

Knoop microhardness was performed 24 hours after measuring the degree of
conversion. The samples were placed in a microdurometer (MicroMet 5104, Buehler,
Lake Bluff, IL, USA) and 5 measurements were taken in five different positions: cervical,
mesial, buccal (center), distal and incisal. Each sample was 0,3 mm thick and a load of
50 gf was applied for 15s for a total of 3 cuts per point in the sample, totaling 15

indentations per sample with 1 mm spacing between them to obtain an average value.
Statistical Analysis

The degree of conversion and hardness data were analyzed for normal distribution
and equality of variances using the Shapiro-Wilk and Levene tests, respectively. Three-
way ANOVA was used to compare the main factors: type of resin cement (1), type of
light (2) and region (3). Multiple comparisons were performed using Tukey's post hoc
test. All tests used a significance level of a = 0.05, and all analyses were performed using
Sigma Plot 12.5 (Systat Software Inc, San Jose, CA, USA). A p value of less than 0.05

was considered to be statistically significant.
RESULTS

For the degree of conversion (Table 1), there was a significant difference only for
the type of cement (Alcem Venner) (p<0.001). There was no difference for type of light
(p=0.594), nor for region (p=0.168) nor for interaction between the three factors

(p=0.736).

For Knoop hardness (Table 2), there was a significant difference for type of
cement (Alcem Venner) (p<0.001), type of light (monowave) (p<0.001), region
(buccal)(p<0.001) and for the interaction type of cement X type of light (p<0.001). There

was no difference for interaction between the three factors under study (p=0.978).

DISCUSSION



This study evaluated the properties of light-cured resin cements with different
photoinitiators in five different areas using poly and monowave light sources. The null
hypotheses of the study were accepted, showing that the type of mono and polywave light
had no significant relevant results and the buccal region showed satisfactory results

compared to the others.

For the degree of conversion, resin cement with the APS system showed better
results, regardless of the light source and region. Thus, it is observed that the light source
may not influence the result of the cement. According to the manufacturer, the APS
system is a union of different photoinitiators, together with camphoroquinone, which is
better absorbed by blue light, this justifies the indifference in the use of poly and
monowave light, knowing that violet light has less penetration in this type of

photoinitiator.

For hardness, the APS system continued to show better results, combined with the
monowave light, and the vestibular region showed better results. We know that in a light
curing system with more than one light source, the violet light has lower intensities and

may have a ceramic interlayer, which got less light.

As expected, the central region showed better results, this justifies the ratio of the
shadow area at the margins of a ceramic, because the diameter of the light source is
smaller than the diameter of an upper central incisor. Therefore, two light cures are

necessary in different regions of the cemented area.

The stabilization of the curing light is one of the primary factors for complete
polymerization of the cement. The constant movement of the equipment at the time of
cementation may decrease the degree of conversion and hardness of the material (11), so

the best way to perform this procedure is with the equipment stabilized.

For light-cured cements, a decrease in the light energy density coinciding with a
gradual increase in ceramic thickness could decrease the DC (12). Non-uniform beam
profile of the equipment and its non-homogeneous light transmission through ceramic

blocks result in non-uniform microhardness of the resin cement (13).

The suggested energy may differ for other cements because the polymerization

pattern of resin cements varies. (14) This particular irradiance distribution may affect the



activation of free radicals, which in turn affected the conversion rate and microhardness.
(15) The conversion of double bonds by photopolymerization depends on a minimum
energy to excite the photoinitiator and produce a sufficient number of radicals for

polymerization.(16,17)

New photoinitiators are frequently launched on the market, aiming to decrease the
amount of camphoroquinone use in the restorative materials, relatively decreasing the
yellowing of the restorations. The photoinitiator phenylpropanedione (PPD) is highly
viable in light-cured resin cement formulations, reducing or eliminating CQ that is
yellowish without compromising bond strength and, moreover, both LED and QTH are

effective in polymerizing cements containing either PPD or CQ. (18,7)

Other works showed that smaller marginal and internal discrepancies were found
in the cervical and incisal region of ceramic veneers fabricated using the press technique.
(19) For the use of lighter shaded materials, the use of polywave LEDs significantly
improves the DC and KHN of materials containing TPO (trimethylbenzoyl-
diphenylphosphine oxide).(20)

The thickness of the ceramic, is a factor that can influence the passage of light and
thus the conversion of resin cements. The microhardness of resin cements decreased with
increasing CAD-CAM block thickness, and inhomogeneous light transmission from a
light polymerization unit through CAD-CAM blocks resulted in non-uniform

microhardness of the resin cement.(21)

Some limitations were encountered because this was an in vitro study, such as
minimum necessary cement thickness of 3 mm, so that no deformation of the samples
occurred.Clinical studies may be developed to confirm the results of this laboratory study,
evaluating the margins and types of cements, contributing to the clinical routine of the

professional.

CONCLUSION

The light source when evaluated between polywave or monowave may not be a
determining factor in the results of physical properties of resin cements, since regardless
of the light, the results will be satisfactory. The vestibular region presenting the best

results, leaves as a warning the need for a greater amount of photopolymerization at the



margins of the cementation. The photoinitiator of resin cements in most cases can and
should be photoactivated with good quality equipment, but the quantity of light beams

will not interfere in negative results in its performance.
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FIGURES

Photoinitiator

Variolink Aesthetic  Ivoclar Vivadent Ivocerin Translucent
LC

Allcem Veneer FGM APS Translucent
Megalink Esthetic ~ Odontomega Camphoroquinone  Translucent

Figure 1. Resin Cements informations

Poliwave 395 - 480nm Violet and Blue

Monowave 440 - 480 nm Blue

Figure 2. LCUs informations

—>  fonte de Luz

» [erdmica
> Tira de Poligster

— [imento Resinoso

—» [abarito
— Tira de Poliéster

— Placa de Vidro

Figure 3. Order of preparation of the samples



Figure 4. Light curing equipment and the two tips

TABLES

Table 1 - Mean and standard deviation (SD) of the degree of conversion (%) in the
different experimental groups.

Variolink Esthetic

Allcem Veneer

Megalink Esthetic

Monowave Poliwave Monowave Poliwave Monowave Poliwave

4595 + 4736 + 71.08 £ 69.39 + 59.88 + 60.37 +
Cervical 2.92 Aa 3.67 Aa 1.92 Aa 4.63 Aa 441 Aa 7.91 Aa
44.86 + 48.33 + 70.98 + 71.71 £ 59.19 + 60.78 £
Mesial 9.08 Aa 1.96 Aa 2.76 Aa 2.66 Aa 3.29 Aa 2.88 Aa
4470 + 4534 + 7251 + 70.26 + 56.82 + 58.52 +
Distal 2.80 Aa 441 Aa 2.62 Aa 3.65 Aa 091 Aa 2.90 Aa
50.36 + 49.39 + 72.51 £ 73.40 £ 60.65 £ 57.72 £
Vestibular 5.22 Aa 2.81 Aa 1.60 Aa 2.28 Aa 3.71 Aa 4.57 Aa
50.22 + 46.26 + 70.09 + 70.33 £ 56.89 + 57.81 £
Incisal 691 Aa 3.49 Aa 0.59 Aa 3.27 Aa 243 Aa 291 Aa




Grouped
47.28 + 4.82%** 71.23 £2.82% 58.86 + 3.86**

Average

Different capital letters indicate statistical difference in the columns and lower case
letters in the rows.

*Indicates difference between cements.

Table 2 - Mean and standard deviation (SD) of Knoop hardness in the different
experimental groups.

Variolink Esthetic Allcem Veneer Megalink Esthetic

Monowave Poliwave Monowave Poliwave Monowave Poliwave

16.47 +
13.56 + 1043 = 2228 £ 5.01 5.03 £ 5.78 +
Cervical 2.17 Aa 1.75Ab 2.43 ABa ABb 2.08 Ba 1.43 Ba

18.34 +

14.11 + 12.33 + 21.65 £ 4.41 7.51 + 8.01 £

Mesial 3.67 Aa 1.07Ab  6.29 ABa ABb 2.67 ABa 233 Aa
16.14 £

14.30 £ 10.76 = 2325+ 3.25 6.88 £ 7.74 +

Distal 2.56 Aa 2.32Ab 4.06 ABa ABb 276 ABa 3.44 Aa

15.88 + 13.77 + 26.54 + 19.24 + 10.98 + 10.89 +
Vestibular ~ 2.09 Aa 2.02 Ab 3.92 Aa 4.53 Ab 1.79 Aa 245 Aa

14.82 + 11.93 + 19.36 + 14.34 + 4.46 + 6.63 +

Incisal 2.55 Aa 2.28 Ab 4.92 Ba 4.47 Bb 1.27 Ba 3.11 Ba
Grouped

13.19 £2.71%* 19.76 £ 5.36* 7.39 3.04%***
Average

Different capital letters indicate statistical difference in the columns and lower case
letters in the rows.

*1ndicates difference between cements.



