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RESUMO 

 
O objetivo deste estudo foi comparar o aumento de volume e área, utilizando a 

microtomografia computadorizada, antes e após a instrumentação e modelagem dos canais 
radiculares, utilizando dois diferentes sistemas de níquel titânio, TRUShape (Dentsply Tulsa 
Dental Specialties, Tulsa, OK, USA) e Reciproc (VDW, Munich, Germany). O estudo foi 
desenhado para testar a hipótese nula de que ambos os sistemas utilizados para a 
instrumentação endodôntica promovem uma modelagem eficaz dos canais radiculares 
ovalados. Treze pares homólogos de prémolares inferiores de conduto único e formato oval, 
recém extraídos, foram selecionados e divididos em 2 grupos: TRUShape (n=13) e Reciproc 
(n=13). Foram incluídos apenas os pares idênticos de canais radiculares ovais pertencentes ao 
mesmo indivíduo. Os critérios de exclusão foram: prémolares inferiores com 2 ou mais 
condutos, prémolares com necrose pulpar, cárie radicular e grau de curvatura classe III.  O 
tamanho apical final correspondeu a lima 40/.06v para o sistema TRUShape e R40 (40.06) 
para o sistema Reciproc. Um scanner de microtomografia computadorizada foi utilizado para 
a avaliação do aumento de volume e área antes e após a instrumentação. Os testes não 
paramétricos Mann-Whitney e Wilcoxon para amostras pareadas foram utilizados. Não houve 
diferença estatisticamente significante no volume e área antes do preparo entre os grupos 
testados (p>0,05). Ambos os sistemas forneceram um aumento significativo de volume e área 
nos canais radiculares (p<0,05). Não houve diferença estatisticamente significante para o 
aumento de volume e área (p>0,05) entre os sistemas endodônticos utilizados, quando 
analisados em 10 mm e 4 mm do forame apical. Em relação a porcentagem de área não 
preparada pelos instrumentos em 10 mm do forame apical, houve uma diferença 
estatisticamente significante (p<0,05). Reciproc apresentou 30,40% de área não tocada 
enquanto o sistema TRUShape, 24,11%. Em 4 mm, não houve diferença estatisticamente 
significante na porcentagem de área não tocada (p>0,05). Reciproc resultou em 24,6% e 
TRUShape 19,8% de área não preparada. Os dois sistemas endodônticos testados 
comportaram-se de forma semelhante em relação ao aumento de volume e área. Nenhum 
sistema foi capaz de tocar em todas as paredes dos canais ovalados, sendo que o sistema 
TRUShape apresentou maior área tocada do que o sistema Reciproc em 10mm aquém do 
forame apical. 
 
 
Palavras chave: Preparo do canal radicular; Microtomografia computadorizada; 
Instrumentação com lima única; Canais ovalados. 
 
 

 
 
 
 
 
 
 
 
 

 



ABSTRACT 
 

The purpose of this study was to compare the increase in volume and surface, using 
computerized microtomography, before and after instrumentation and shaping of the root 
canal, using two different systems of nickel-titanium, TRUShape (Dentsply Tulsa Dental 
Specialties, Tulsa, OK, USA) and Reciproc (VDW, Munich, Germany). The study was 
designed to test the null hypothesis that both systems used for endodontic instrumentation 
promotes effective shaping of oval-shaped root canals. Thirteen mandibular premolars pairs 
of single conduit and oval-shaped, freshly extracted, were selected and divided into 2 groups: 
TRUShape (n=13) and Reciproc (n=13). It were included only identical pairs of oval-shaped 
canals belonging to the same individual. The exclusion criteria were: mandibular premolars 
with two or more root canals; premolars with pulp necrosis; root caries and class III bend. The 
final apical size corresponded to file 40/.06v for TRUShape system and R40 (40.06) for 
Reciproc system. A micro–computed tomographic scanner was used to evaluation the 
increase in volume and surface before and after instrumentation. The nonparametric Mann-
Whitney test and the Wilcoxon matched pairs test were used. There were no significant 
differences in volume and surface area before preparation between groups (p>0.05). Both 
systems provided a significant increase in root canal volume and surface (p<0.05). There was 
no statistically significant difference in the increase in volume and surface (p>0.05) between 
the endodontic systems used, when analyzed in 10 mm and 4 mm of the apical foramen. 
Regarding the percentage unprepared surface area by the instruments in 10 mm of the apical 
foramen, there was a statistically significant difference (p<0.05). Reciproc showed 30.40% 
untouched area while TRUShape system, 24.11%. In 4 mm, there was no statistically 
significant difference in the percentage untouched area (p>0.05). Reciproc resulted in 24.6% 
and TRUShape 19.8% of untouched area. Both endodontic systems behaved similarly 
regarding to the increase of volume and surface area. No system has been able to touch on all 
the walls of the oval-shaped root canals, and TRUShape system showed greater touched area 
than Reciproc system, in 10mm short of the apical foramen. 
 
Key words: Root canal preparation; Micro–computed tomography; Single-file 
instrumentation; Oval-shaped canals. 
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1 INTRODUÇÃO 

 
O preparo químico-mecânico tem como objetivo prevenir infecções e promover saúde 

dos tecidos perirradiculares (ALTUNDASAR et al., 2001; MOORE et al., 2009). Durante a 

instrumentação, é realizada a limpeza, remoção de detritos e cria-se espaço progressivamente 

cônico em direção apical para a irrigação (ROÇAS e SIQUEIRA Jr, 2010), medicação 

intracanal (SIMCOCK e HICKS, 2006) e obturação dos canais radiculares (DUMMER et al., 

1991; HAAPASALO et al., 2005).  

Até o início da década de 1990, o preparo mecânico do canal radicular era realizado 

através de técnicas manuais com instrumentos confeccionados em aço inoxidável 

(THOMPSON, 2000), sendo a grande maioria dos erros durante a instrumentação dos canais 

radiculares atribuída a rigidez desses instrumentos (WALIA et al., 1988). Para superar essa 

limitação, foram introduzidas no mercado as limas de níquel-titânio (WALIA et al., 1988), 

que possuem grau de flexibilidade maior para a instrumentação de canais curvos e maior 

resistência à fratura por torção (LEONARDO e LEONARDO, 2002). 

A liga de níquel-titânio possibilitou o surgimento dos instrumentos acionados a motor 

na prática endodôntica e estes possuem muitas vantagens sobre os instrumentos manuais: são 

flexíveis; apresentam, em geral, melhor eficiência de corte e diminuem o tempo de trabalho. 

Além de maior preservação da forma original do canal radicular durante a instrumentação, 

oferecem menor risco de desvio dos canais radiculares curvos quando comparados aos 

instrumentos manuais (YIN et al., 2010; ZMENER et al., 2011; GAVINI et al., 2012; ÇELIK 

et al., 2013; LIU et al., 2013; BURKLEIN, TSOTSIS e SCHAFER, 2013; QUEIROZ, 2014).  

A possibilidade de fratura dos instrumentos rotatórios associados à fadiga causada 

pelo uso repetido e a possibilidade de contaminação cruzada devido a incapacidade de 

limpeza e esterilização adequada, fez com que Yared, em 2008, desenvolvesse o movimento 

reciprocante com o instrumento ProTaper F2, um instrumento de uso único utilizado no 

sentido horário e anti-horário ao invés do movimento rotatório já consagrado. O movimento 
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alternado proposto alivia o estresse no instrumento, reduzindo o risco de fadiga cíclica (DE-

DEUS et al., 2010), além desses instrumentos serem mais seguros para o paciente e para a 

equipe profissional por serem de uso único, evitando a contaminação cruzada. Outras 

vantagens são: a menor probabilidade de erros procedimentais; maior flexibilidade; economia 

de tempo de trabalho em até 75%, pois proporcionam menos etapas, não necessitando da 

utilização de pré-instrumentação do canal radicular (YARED, 2008).  

A instrumentação reciprocante passou a ser mais difundida a partir de 2010, quando 

foram introduzidos no mercado dois sistemas de rotação alternada, o Waveone (Dentsply 

Tulsa Specialties, Johnson City, TN) e o Reciproc (VDW, Munich, Germany) (BURKLEIN 

et al., 2012b). Nestes sistemas, um único instrumento confeccionado com uma liga especial 

de níquel-titânio denominada M-Wire é empregado na limpeza e modelagem dos canais 

radiculares. A liga M-Wire recebe um tratamento térmico que proporciona maior flexibilidade 

e resistência a fadiga cíclica aos sistemas reciprocantes. O sistema Reciproc possui um 

desenho transversal em forma de S com lâminas afiadas e apresenta-se em 3 tamanhos 

diferentes, os quais são indicados para serem usados de acordo com o diâmetro do canal 

(PLOTINO et al., 2012). Os ângulos dos movimentos consistem em um sentido anti-horário 

de 150o e um movimento de 30o no sentido horário. O ângulo no sentido anti-horário é 

responsável por cortar a dentina com uma borda maior que na direção inversa (BURKLEIN et 

al., 2012). Muitos estudos já foram desenvolvidos baseados neste sistema e no movimento 

reciprocante, demonstrando tanto sua eficiência na limpeza e modelagem dos canais 

radiculares quanto suas vantagens e características (YOU et al., 2011; PAQUÉ et al., 2011; 

FRANCO et al., 2011; MACHADO et al., 2012; GAVINI et al., 2012; KIM et al., 2012; 

BURKLEIN, TSOTSIS e SCHAFER, 2013; VERSIANI et al., 2013; FERREIRA, 2013; LIU 

et al., 2013; SIQUEIRA Jr et al., 2013; CAPAR et al., 2014; QUEIROZ, 2014; ZAPATA et 

al., 2014; BUSQUIM et al., 2015). Em relação a modelagem dos canais radiculares com 

formato oval, um estudo realizado por Versiani et al., 2013, comparou através da 

microtomografia computadorizada os instrumentos Reciproc, SAF, WaveOne e Protaper em 

caninos inferiores. Os autores observaram uma área não preparada principalmente na face 

lingual do terço médio dos canais em todos os instrumentos testados. Um outro estudo 

semelhante avaliou o preparo dos instrumentos Reciproc e BioRace em canais distais de 

molares inferiores. Reciproc deixou mais áreas não preparadas nos terços cervical e médio e 

possibilitou um maior aumento de volume no terço apical (BUSQUIM et al., 2015). Siqueira 

Jr. et al., 2013, avaliaram a desinfecção e modelagem dos instrumentos SAF, Reciproc e 
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Twisted File no preparo de canais mesiais de molares inferiores. Os autores não encontraram 

diferenças estatisticamente significantes em relação ao aumento de volume, área e área não 

preparada.  

Contudo, alguns estudos têm demonstrado que estas tecnologias podem apresentar 

falhas na preparação mecânica dos canais radiculares em formatos ovais devido a limitada 

capacidade de tocar em todas as paredes, especialmente nas áreas de recessos (RODIG et al., 

2002; PAQUÉ et al., 2010). Estas regiões intocadas podem abrigar microorganismos residuais 

e servir como uma causa potencial de infecção persistente, proporcionando, assim, um 

prognóstico desfavorável (SIQUEIRA Jr et al., 2010; ALVES et al., 2011) para o tratamento. 

Buscando suprir esta possível falha de limpeza e modelagem dos canais ovalados, foi 

lançado recentemente no mercado o sistema TRUShape 3D Conforming Files (Dentsply 

Tulsa Dental Specialties, Tulsa, OK, USA), incorporando um design inovador com uma curva 

em S no eixo longitudinal para produzir uma linha / curva cujo movimento gera uma 

superfície de contato maior no interior dos canais radiculares, proporcionando  um novo 

conceito de instrumento de movimento rotatório. Este sistema está disponível em quatro 

tamanhos, cada um com uma conicidade regressiva variável de 0,06 mm para um diâmetro 

máximo de 0,80 mm (BORTOLUZZI et al., 2015). De acordo com o fabricante, estes 

instrumentos permitem maior preservação de dentina durante a modelagem do canal radicular, 

principalmente dos canais ovais, mantendo a integridade da estrutura da raiz. Até o momento, 

poucos estudos foram realizados avaliando o desempenho do sistema TRUShape e apenas um 

avaliou a modelagem proporcionada por esse instrumento, tendo como método de análise a 

microtomografia computadorizada. Peters et al., 2015, compararam os efeitos da 

instrumentação dos instrumentos TRUShape e Vortex na geometria do canal radicular. 

Apesar dos instrumentos TRUShape proporcionarem uma preservação dentinária durante o 

preparo do canal radicular, o uso desse sistema nos canais mesiais de molares inferiores não 

resultou na diminuição da área não preparada. 

Inúmeras metodologias têm sido utilizadas para avaliar a modelagem proporcionada 

pelos instrumentos acionados a motor (HULSMANN et al., 2005; VERSIANI et al., 2013; 

TOPCU et al., 2014). No entanto, a microtomografia computadorizada (micro-CT) é um 

método de análise não destrutivo que tem possibilitado aos pesquisadores examinarem os 

efeitos da instrumentação radicular em três dimensões (PETERS et al., 2000; RHODES et al., 

2000; BERGMANS et al., 2001) assim como diferentes variáveis tais como a morfologia, 
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aumento de volume e área e a proporção de superfície preparada antes e após a modelagem 

(HUBSCHER et al., 2003; MOORE et al., 2009). 

Desta forma, este estudo objetivou analisar e comparar o aumento do volume e área, 

através da microtomografia computadorizada, em dentes homólogos pertencentes ao mesmo 

indivíduo, usando dois sistemas diferentes de níquel-titânio, TRUShape e Reciproc. A 

padronização da nossa amostra tornou este estudo ex vivo relevante cientificamente, 

reduzindo as possíveis variações anatômicas existentes e possibilitando, assim, melhor 

comparação entre os grupos.  
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2 OBJETIVO 
 

O objetivo deste estudo ex vivo foi comparar o aumento do volume e área, utilizando a 

microtomografia computadorizada, antes e após a modelagem de canais radiculares ovalados, 

usando dois sistemas diferentes de níquel-titânio, TRUShape e Reciproc. A hipótese nula 

testada foi a de que ambos os sistemas utilizados para a instrumentação endodôntica 

promovem uma modelagem eficaz em canais radiculares quando estes possuem formato 

ovalado. 
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ABSTRACT 

Introduction: The purpose of this study was to compare the shaping properties of 

TRUShape (Dentsply Tulsa Dental Specialties, Tulsa, OK) and Reciproc (VDW, 

Munich, Germany) systems during preparation of oval-shaped canals from 

contralateral teeth using micro-computed tomographic (micro-CT) scanning.  

Methods: Thirteen pairs of freshly extracted contralateral mandibular premolars with 

a single oval-shaped canal were selected and divided into 2 groups according to the 

root canal instrumentation technique: TRUShape and Reciproc. The final apical size 

of instrumentation was 40/.06 for both systems. Data were statistically analyzed for 

the increase in canal volume and surface area and the amount of unprepared areas 

promoted by the 2 systems.  

Results: Preparation with both systems significantly increased the volume and area 

of the canals (p<0.001), with no significant differences between them (p>0.05). When 

the full canal length was evaluated, the amount of uninstrumented areas was 

significantly larger for Reciproc (30%) than TRUShape (24%)(p<0.05). However, 

analysis restricted to the apical 4-mm segment revealed no statistically significant 

difference in untouched area (25% for Reciproc, and 20% for TRUShape) (p>0.05).  

Conclusions: Both instrument systems behaved similarly in promoting the increase 

of root canal volume and surface area. When the full canal length was evaluated, 

TRUShape instruments showed less unprepared areas than Reciproc. This 

difference, however, did not occur for the apical part of the root canal. None of the 

techniques could completely prepare oval-shaped root canals. 

Key Words: Root canal preparation; micro–computed tomography; single-file 

instrumentation; oval-shaped canals 
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INTRODUCTION 

The purpose of chemomechanical preparation is to clean and disinfect the root canal 

system, eliminating microbial irritants that are the main cause of periradicular 

disease, and give it a conical shape, for proper placement of root canal filling (1). 

Most current techniques for chemomechanical preparation use engine-driven 

instruments made of nickel-titanium (NiTi) alloy, which have been shown to sculpt 

preparations with adequate geometries and reduced risks of major procedural errors 

(2). However, preparation of canals that are not circular in cross section (e.g., oval 

and flattened canals) still represents a challenge with most current techniques (3,4). 

The amount of areas that remain unprepared in these canals after rotary 

instrumentation is relatively high; untouched recesses may harbor residual bacterial 

biofilms that will serve as a potential cause of persistent infection, compromising the 

treatment outcome (5,6). 

The last decade has witnessed several proposals for new instrument designs, 

changes in the nickel-titanium (NiTi) alloy, and use of reciprocating motions. Single-

file techniques for root canal preparation have been also advocated (7). One of 

these, the Reciproc system (VDW, Munich, Germany), has been widely used and 

consists of instruments made of a special NiTi alloy (M-Wire) with claimed improved 

flexibility and resistance to cyclic fatigue (8,9). Reciproc instruments have an inverted 

S-shape cross-section and are operated in reciprocation. Three different instrument 

sizes are available, and the choice for each one depends on the initial canal diameter 

(9). Several studies demonstrated that the shaping ability of the Reciproc system is 

comparable to other systems commonly used in root canal preparation (8,10-13).  

The new rotary system called TRUShape 3D Conforming Files 

(Dentsply/Tulsa Dental Specialties, Tulsa, OK) has an innovative design with an S-
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curve in the longitudinal axis, which produces a line/curve when operated in the root 

canal to create a larger contact to the canal surfaces. This effect has the potential to 

improve preparation of oval-shaped canals. The TRUShape system is available in 

the following sizes/tapers: 20/.06v, 25/.06v, 30/.06v and 40/.06v; v standing for a 

taper of .06 in the apical 2 mm, which is variable along the instrument shaft. The 

instrument has a symmetric triangular cross section and has been claimed to 

promote greater preservation of dentin during canal shaping, maintaining the integrity 

of the root structure (14). 

Numerous methodologies have been used to assess the shaping ability of NiTi 

systems (8,12,15,16). Micro-computed tomographic (micro-CT) scanning is a 

nondestructive method of analysis that enables assessment of the effects of root 

canal instrumentation in 3D by comparing pre and postinstrumentation images. This 

method permits evaluation of several variables, including changes in the root canal 

morphology, increase in surface area and volume, and identification of unprepared 

areas (17). Although the method allows for a satisfactory distribution of specimens 

between groups according to anatomic similarities (11), it is difficult to match teeth 

from different donors. This limitation may be circumvented by using pairs of 

contralateral teeth, each pair obtained from the same individual. By using micro-CT, 

the purpose of this study was to compare the shaping abilities of 2 different NiTi 

systems, TRUShape and Reciproc, during preparation of oval-shaped root canals 

from contralateral teeth. 

 

MATERIALS AND METHODS 

Tooth Selection 
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The Ethics Committee of the Federal Fluminense University approved the study 

protocol. Thirteen pairs of contralateral human single-rooted mandibular premolars 

were selected from a collection of 21 pairs of intact teeth freshly extracted for 

orthodontic reasons. Each pair of contralateral teeth was extracted from the same 

patient. Immediately after extraction, the teeth were rinsed with saline solution and 

stored in labeled individual plastic vials containing 10% buffered formalin solution. 

Each root was initially subjected to digital radiographs (Kodak RVG 6100) both in 

buccolingual and mesiodistal projections; for inclusion in the study each tooth should 

have a single oval-shaped canal. To be considered oval, the canal had to present a 

>2:1 ratio between the buccolingual and mesiodistal dimensions throughout the 

coronal two thirds of the canal (18). Tooth selection was confirmed and refined by 

using micro-CT imaging. Micro-CT scans were used for prepreparation analysis and 

were taken according to the parameters described below. The exclusion criteria 

were: mandibular premolars with two or more root canals; non-oval canals; pulp 

necrosis; crown or root caries; immature apexes; and severe root curvatures. 

Sample Size Calculation 

For sample size determination, a pilot study was performed using 4 

contralateral premolars. Micro-CT results of canal volume and surface area before 

and after preparation were applied to the formula proposed by Noordzij et al. (19) for 

sample size calculation. With the alpha set at 0.05 and power of 80%, a sample size 

of 13 specimens per group was determined.  

Root Canal Preparation 

The teeth were decoronated slightly above the cementoenamel junction and 

the endodontic access to the canal was achieved. Patency was established with a 

#10 K-file placed at the apical foramen and visualized under magnification, and was 
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maintained throughout the preparation procedures. Working length (WL) was set 1 

mm shorter than the apical foramen. From each contralateral pair, one tooth was 

prepared with TRUShape and the other with Reciproc.  

TRUShape group. Each instrument was operated in the X-Smart Plus 

endodontic micromotor (Dentsply/Tulsa Dental Specialties) following the 

manufacturer’s recommendations (300 rpm, 3 N-cm). A gentle in-and-out pecking 

motion of about 2-3 mm in amplitude with light apical pressure was applied to the 

instrument until it reached the WL. Preparation was done at the WL by the sequential 

use of instruments #20/.06v, 25/.06v, #30/.06v and #40/.06v. Light brushing 

movements against the buccal and lingual canal walls were performed when each 

instrument reached the WL. 

Reciproc group. The instrument R40 (40.06) was introduced in the canal until 

resistance was felt and then activated in reciprocating motion powered by an electric 

motor VDW Silver (VDW). The instrument was moved in apical direction using an in-

and-out pecking motion of about 2-3 mm in amplitude with light apical pressure. After 

3 pecking motions, the instrument was removed from the canal and cleaned with a 

gauze soaked in alcohol. Light brushing movements were also applied against the 

canal walls when the instrument reached the WL. 

A single operator experienced in both systems performed all preparations. 

Each set of instruments was used in only 1 tooth and then discarded. The same 

irrigation protocol and volume was applied in both groups. A 2.5% NaOCl solution 

was delivered using a 30-G needle between each instrument change, with a total of 

20 mL used per canal. After final irrigation with 2 mL 17% EDTA for 5 minutes, the 

canal was rinsed with 2 mL saline solution. Then, the roots were subjected to a 

postoperative micro-CT scanning. 
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Micro-CT Scanning 

The specimens were mounted on a custom attachment and scanned in a 

micro-CT scanner (SkyScan 1174.v2; Bruker-micro-CT; Kontich, Belgium) at 50 Kv, 

800 mA, isotropic resolution of 19.9 µm, 180° around the vertical axis, rotation step of 

1.0 and using a 0.5-mm-thick aluminum filter. The images of each specimen were 

reconstructed using NRecon v.1.6.9 software (Bruker-micro-CT) with a ring artifact 

correction of 5, a beam hardening correction of 50%, and smoothing of 5, in order to 

create axial and transverse slices of the internal structure of all root canals. The 

same parameters were used for pre and postpreparation images.  

CTAn v.1.14.4 software (Bruker micro-CT) was used to create the 3D models. 

The 3D Slicer 4.4.0 software (available from http://www.slicer.org) was used to 

coregister the 3D models from both pre and postpreparation phases with a custom 

combination of rigid registration module based on image intensity similarities with 

accuracy greater than 1 voxel. Then, the ImageJ 1.50d software (National Institutes 

of Health, Bethesda, Maryland) was used to examine the registered images and to 

calculate volume (in mm3) and surface area (in mm2) along the apical 4 mm and the 

full canal length (from WL to 10 mm short). The same software was used to assess 

the area of unprepared canal surface by calculating the number of static voxels 

(voxels present in the same position on the canal surface before and after 

instrumentation), which was expressed as a percentage of the total number of voxels 

present on the canal surface (20). CTVol v.2.3.1 software (Bruker micro-CT) was 

used to define a color-coded standard for root canal models (green for preoperative 

canal surfaces and red for TRUShape and yellow for Reciproc postoperative canal 

surfaces), which enabled comparison of the superimposed root canals models before 

and after preparation. 
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Statistical Analysis 
The nonparametric Mann-Whitney test was used to compare the initial canal 

volume and surface area between groups. The Wilcoxon matched pairs test was 

performed to evaluate the intragroup increase in both volume and area after canal 

preparation and to perform intergroup comparisons for total volume and surface area, 

and unprepared areas. R program (R Development Core Team; Auckland, New 

Zealand), version 3.2.5, was used for all statistical analyses, with the significance 

level established at p<0.05. 

 

RESULTS 

Table 1 depicts the results for volume and area before and after root canal 

preparation as well as the amount of unprepared areas. There were no significant 

differences in volume and surface area before preparation between groups (p=0.9). 

Both systems provided a significant increase in root canal volume (mm3) and surface 

(mm2) (p<0.01). 

When the full canal extent was examined (10-mm long), no statistically 

significant differences in the total volume increase (p=0.17) and area (p=0.59) were 

observed when comparing postpreparation data from the 2 groups. However, a 

significant difference was observed for the amount of uninstrumented surface area, 

with Reciproc showing a larger unprepared area (30%) than TRUShape (24%) 

(p=0.002). 

Exclusive analysis of the apical segment (4-mm long) revealed no significant 

differences between the two systems for the total volume (p=0.84) and area (p=0.89) 

after instrumentation, as well as for the amount of unprepared areas (p=0.15); 

Reciproc resulted in 25% and TRUShape 20% untouched areas. 
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Figure 1 shows representative examples of superimposed root canals micro-

CT images before and after preparation in each group. Changes in canal shape are 

shown as superimpositions of unprepared (green) and prepared (red for TRUShape 

and yellow for Reciproc) areas.  

 
 
DISCUSSION 

This study compared the shaping ability of two NiTi systems operated in different 

motions (reciprocation or continous rotation) in oval-shaped canals of contralateral 

premolars. Both systems substantially increased the root canal volume and area, 

with no significant difference between them. Although TRUShape resulted in less 

uninstrumented areas in the full canal length, there was no significant difference 

between the two systems when only the apical canal was evaluated. 

The use of natural teeth in shaping studies is of crucial importance, but control 

of variables such as anatomy and dentin characteristics is a common difficulty. Due 

to the anatomic similarity, the use of contralateral teeth seems to be a good choice to 

help circumvent limitations when 2 groups are compared. In the present study, pairs 

of contralateral mandibular premolars were used, each one obtained from a single 

individual, which were extracted according to orthodontic planning. Only intact teeth 

with vital pulps were included, in order to control for other variables such as canal 

volume and dentin hardness. For selection, only pairs that were clearly anatomically 

similar in micro-CT scans were included. Lack of statistically significant differences in 

the initial canal volumes and surface areas confirmed the validity of using paired 

contralateral teeth. The sample size was determined by statistic calculation and was 

similar to previous studies (21,22). The sample size using paired teeth with minimal 



	 27	

anatomic variability was sufficient to show a difference between the 2 groups when 

the full canal length was examined for unprepared areas. 

So far, few studies have assessed the performance of TRUShape in root 

canal preparation (14,18,22-26); two of them used micro-CT (18,22), but only one 

evaluated its shaping ability (22). Peters et al. (22) observed that although the 

TRUShape instruments promoted a conservative shape due to dentin preservation, 

its use in the mesial canals of mandibular molars did not result in decreased amounts 

of unprepared canal surface in comparison with Vortex instruments. These findings 

are in accordance to the present study when only the apical part of the canal was 

evaluated. 

For standardization, apical preparation was finished at the WL using 

instruments with the same apical size and taper (40.06), allowing for a better 

comparison between groups. No significant differences were observed in all 

parameters evaluated when only the apical 4 mm of the canal were evaluated. This is 

somewhat expected because in this area most oval canals start a transition to a more 

circular initial shape, as observed in the preoperative micro-CT scans. However, 

when the full canal length was under investigation, TRUShape behaved better in 

terms of leaving less unprepared areas than Reciproc. The unprepared surface area 

for TRUShape was 24%, as compared to 30% for Reciproc. Although taper of the 

TRUShape instrument is reduced along the shaft to be no more than .80 large, its S-

shape may have alllowed the instrument to contact more walls in the oval segment of 

the canal. Although not evaluated in this study, this may represent an advantage in 

terms of cleaning and disinfection, because untouched canal areas may harbor 

tissue and biofilm remnants. 
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Oval-shaped root canals provide additional challenge for instrumentation 

because of the difficulty for the instruments to reach all the canal walls, especially for 

current engine-drive instruments that provide round preparations (3,4,12,13). 

Therefore, the instruments were operated with a slight adaptation of what is 

recommended by the manufacturers. Once they reached the WL, a light brushing 

motion was applied towards the buccal and lingual recesses in order to increase the 

contact of the file with the walls of oval-shaped canals (12,13,15,18,27). The 

recesses at the extremities of the largest canal diameter may remain untouched and 

contain residual biofilms that put the treatment outcome at risk. Micro-CT studies 

have reported a range from 5% to 80% of unprepared areas in oval canals after 

using different instrumentation techniques (4,11-13,22,28-31). The Self-Adjusting File 

(SAF) has been designed mostly for better adaptation in oval canals, touching more 

areas - the overall amount of unprepared areas of SAF in oval canals ranges from 

6% to 35% (11,12,28-31). However, data from different studies are difficult to 

compare because of different methodologies, tooth selection and operator 

experience. Further studies directly comparing SAF and TRUShape are required to 

evaluate their performances in oval canals.  

In conclusion, TRUShape and Reciproc systems promoted similar increase in 

both canal volume and surface area. Although the amount of unprepared areas did 

not differ in the apical canal, the results for TRUShape instruments in the full canal 

length were significantly better. None of the techniques used in this study could 

completely prepare oval-shaped root canals. 
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Table 1. Morphometric Data (mean and median) of the mandibular premolars before and after preparation with TRUShape and Reciproc systems 
 

 10mm 4mm 

Experimental Groups TRUShape (n=13) Reciproc (n=13) 
P 

TRUShape (n=13) Reciproc (n=13) 
P 

 Mean Median Mean Median Mean Median Mean Median 

Volume (mm3)           

Before preparation 4.62±2.04 4.28 4.39±2.18 3.84 0.14 0.65±0.35 0.55 0.66±0.35 0.62 0.79 

After preparation 5.86±1.90 5.70 5.39±1.96 4.78 0.11 0.98±0.36 0.94 0.98±0.31 0.84 1.00 

∆ % 23.30±11.02 25.02 21.55±13.69 22.54 0.17 36.48±15.05 35.35 35.66±17.91 33.31 0.84 

Surface Area (mm2)           

Before preparation 35.32±8.82 34.54 33.61±9.06 32.22 0.19 8.72±2.99 8.16 8.60±2.47 8.41 0.74 

After preparation 39.17±7.77 38.96 37.48±7.47 34.79 0.27 10.25±2. 62 9.80 10.39±2.01 9.51 1.00 

∆ % 12.34±7.97 11.64 13.74±12.07 14.16 0.59 23.13±16.42 20.70 24.73±17.91 17.26 0.89 

Unprepared Surface Area (%) 24.11±9.11 25.62 30.40±11.13 31.78 0.002* 19.86±11.37 22.90 24.66±13.8 24.96 0.15 

 
Data shown as mean ± standard deviation; median; n=13 for each group. 
No statistically significant difference was observed between the root canal before and after preparation regarding volume and surface area (paired-sample Wilcoxon test, 
p<.05).  
* A statistically significant difference was observed between groups in the unprepared surface area in 10 mm of the apical foramen (paired-sample Wilcoxon test, p<.05). 
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Figure 1. Representative 3D reconstructions of the internal anatomy of a pair of 

contralateral mandibular premolars before and after root canal preparation with either 

TRUShape (A) or Reciproc (B). Buccolingual (BL) and mesiodistal (MD) views of 

superimposed roots before (green) and after preparation (red for TRUShape and 

orange for Reciproc). Cross-sectional view at 10 mm and 4 mm from the working 

length. 
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4 CONSIDERAÇÕES FINAIS 

 
A instrumentação manual é comumente utilizada no preparo de canais radiculares. 

Contudo, é importante salientar que os instrumentos manuais de aço inoxidável apresentam 

certas restrições, principalmente em canais curvos e com formato ovalado, permitindo a 

ocorrência de iatrogenias como a formação de degraus, transporte de canal, fratura de 

instrumento, acúmulo de dentina e perfurações (BUCHANAN, 2000; YIN et al., 2010; 

PINHEIRO et al., 2011; ZMENER et al., 2011; FROTA et al., 2013; ÇELIK et al., 2013). 

A fim de minimizar os riscos de falhas e erros durante a instrumentação, reduzir o 

tempo de trabalho e proporcionar maior segurança e previsibilidade dos resultados, as 

pesquisas em endodontia trouxeram a tecnologia dos instrumentos rotatórios e reciprocantes. 

Com o advento desses sistemas, houve a necessidade de mais estudos que permitissem a 

identificação das características do preparo com tais instrumentos, avaliando suas vantagens e 

desvantagens. 

O presente estudo é de grande relevância para a comunidade científica, pois poucas 

pesquisas foram publicadas avaliando a eficácia do sistema TRUShape, lançado no mercado 

em 2015. Segundo o fabricante, esses instrumentos geram uma superfície de contato maior no 

interior dos canais radiculares devido seu design inovador (BORTOLUZZI et al., 2015), 

proporcionando um prognóstico mais favorável, principalmente em canais radiculares com 

formato ovalado.  Já o sistema Reciproc, há mais tempo no mercado, possui diversos estudos 

demonstrando sua eficiência na limpeza e modelagem dos canais radiculares, suas vantagens 

e características (MACHADO et al., 2012; GAVINI et al., 2012; KIM et al., 2012; 

BURKLEIN, TSOTSIS e SCHAFER, 2013; VERSIANI et al., 2013; FERREIRA, 2013; LIU 

et al., 2013; SIQUEIRA Jr et al., 2013; CAPAR et al., 2014; QUEIROZ, 2014; ZAPATA et 

al., 2014; BUSQUIM et al., 2015). No entanto, é necessário a constante realização de 

pesquisas a fim de estabelecer-se o melhor protocolo terapêutico.  

Neste estudo, pôde-se observar que os dois sistemas endodônticos comportaram-se de 

forma semelhante em relação ao aumento de volume e área, havendo diferença 
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estatisticamente significante apenas quando analisou-se a porcentagem de área não preparada 

em 10 mm do forame apical. O sistema TRUShape demonstrou resultados superiores nesse 

quesito. 

Contudo, esse estudo ex vivo apresenta limitações, sendo necessário a execução de 

novas pesquisas que possam transpor esses resultados clinicamente e o aperfeiçoamento de 

tecnologias que sejam capazes de melhorar o contato dos instrumentos nos canais ovalados, 

proporcionando um prognóstico mais favorável. 
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ANEXO 2: Normas Journal of Endodontics 

 

Guidelines for Publishing Papers in the JOE 
 

 

Writing an effective article is a challenging assignment. The following guidelines are 

provided to assist authors in submitting manuscripts. 

The JOE publishes original and review articles related to the scientific and applied 

aspects of endodontics. Moreover, the JOE has a diverse readership that includes full-time 

clinicians, full-time academicians, residents, students and scientists. Effective communication 

with this diverse readership requires careful attention to writing style. 

 
General Points on Composition 

Organization of Original Research Manuscripts 

Manuscripts Category Classifications and Requirements 

Available Resources 

 

• General Points on Composition 

 

1. Authors are strongly encouraged to analyze their final draft with both software (e.g., 

spelling and grammar programs) and colleagues who have expertise in English 

grammar. References listed at the end of this section provide a more extensive review 

of rules of English grammar and guidelines for writing a scientific article. Always 

remember that clarity is the most important feature of scientific writing. Scientific 

articles must be clear and precise in their content and concise in their delivery since 

their purpose is to inform the reader. The Editor reserves the right to edit all 

manuscripts or to reject those manuscripts that lack clarity or precision, or have 

unacceptable grammar or syntax. The following list represents common errors in 

manuscripts submitted to the JOE: 

2. The paragraph is the ideal unit of organization. Paragraphs typically start with an 

introductory sentence that is followed by sentences that describe additional detail or 

examples. The last sentence of the paragraph provides conclusions and forms a 

transition to the next paragraph. Common problems include one-sentence paragraphs, 

sentences that do not develop the theme of the paragraph (see also section “c” below), 
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or sentences with little to no transition within a paragraph. 

3. Keep to the point. The subject of the sentence should support the subject of the 

paragraph. For example, the introduction of authors’ names in a sentence changes the 

subject and lengthens the text. In a paragraph on sodium hypochlorite, the sentence, 

“In 1983, Langeland et al., reported that sodium hypochlorite acts as a lubricating 

factor during instrumentation and helps to flush debris from the root canals” can be 

edited to: “Sodium hypochlorite acts as a lubricant during instrumentation and as a 

vehicle for flushing the generated debris (Langeland et al., 1983)." In this example, the 

paragraph’s subject is sodium hypochlorite and sentences should focus on this subject. 

4. Sentences are stronger when written in the active voice, i.e., the subject performs the 

action. Passive sentences are identified by the use of passive verbs such as “was,” 

“were,” “could,” etc. For example: “Dexamethasone was found in this study to be a 

factor that was associated with reduced inflammation,” can be edited to: “Our results 

demonstrated that dexamethasone reduced inflammation.” Sentences written in a 

direct and active voice are generally more powerful and shorter than sentences written 

in the passive voice. 

5. Reduce verbiage. Short sentences are easier to understand. The inclusion of 

unnecessary words is often associated with the use of a passive voice, a lack of focus 

or run-on sentences. This is not to imply that all sentences need be short or even the 

same length. Indeed, variation in sentence structure and length often helps to maintain 

reader interest. However, make all words count. A more formal way of stating this 

point is that the use of subordinate clauses adds variety and information when 

constructing a paragraph. (This section was written deliberately with sentences of 

varying length to illustrate this point.) 

6. Use parallel construction to express related ideas. For example, the sentence, 

“Formerly, endodontics was taught by hand instrumentation, while now rotary 

instrumentation is the common method,” can be edited to “Formerly, endodontics was 

taught using hand instrumentation; now it is commonly taught using rotary 

instrumentation.” The use of parallel construction in sentences simply means that 

similar ideas are expressed in similar ways, and this helps the reader recognize that the 

ideas are related. 

7. Keep modifying phrases close to the word that they modify. This is a common 

problem in complex sentences that may confuse the reader. For example, the 

statement, “Accordingly, when conclusions are drawn from the results of this study, 
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caution must be used,” can be edited to “Caution must be used when conclusions are 

drawn from the results of this study.” 

8. To summarize these points, effective sentences are clear and precise, and often are 

short, simple and focused on one key point that supports the paragraph’s theme.  

9. Authors should be aware that the JOE uses iThenticate, plagiarism detection software, 

to assure originality and integrity of material published in the Journal. The use of 

copied sentences, even when present within quotation marks, is highly discouraged. 

Instead, the information of the original research should be expressed by new 

manuscript author’s own words, and a proper citation given at the end of the sentence. 

Plagiarism will not be tolerated and manuscripts will be rejected, or papers withdrawn 

after publication based on unethical actions by the authors. In addition, authors may be 

sanctioned for future publication. 

 

• Organization of Original Research Manuscripts 
 

Please Note: All abstracts should be organized into sections that start with a one-word title 

(in bold), i.e., Introduction, Methods, Results, Conclusions, etc., and should not exceed more 

than 250 words in length. 

 

1) Title Page: The title should describe the major emphasis of the paper. It should be as 

short as possible without loss of clarity. Remember that the title is your advertising 

billboard—it represents your major opportunity to solicit readers to spend the time to 

read your paper. It is best not to use abbreviations in the title since this may lead to 

imprecise coding by electronic citation programs such as PubMed (e.g., use “sodium 

hypochlorite” rather than NaOCl). The author list must conform to published 

standards on authorship (see authorship criteria in the Uniform Requirements for 

Manuscripts Submitted to Biomedical Journals at www.icmje.org). The manuscript 

title, name and address (including email) of one author designated as the 

corresponding author. This author will be responsible for editing proofs and ordering 

reprints when applicable. The contribution of each author should also be highlighted 

in the cover letter. 

2) Abstract: The abstract should concisely describe the purpose of the study, the 

hypothesis, methods, major findings and conclusions. The abstract should describe the 

new contributions made by this study. The word limitations (250 words) and the wide 
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distribution of the abstract (e.g., PubMed) make this section challenging to write 

clearly. This section often is written last by many authors since they can draw on the 

rest of the manuscript. Write the abstract in past tense since the study has been 

completed. Three to ten keywords should be listed below the abstract. 

3) Introduction: The introduction should briefly review the pertinent literature in order 

to identify the gap in knowledge that the study is intended to address and the 

limitations of previous studies in the area. The purpose of the study, the tested 

hypothesis and its scope should be clearly described. Authors should realize that this 

section of the paper is their primary opportunity to establish communication with the 

diverse readership of the JOE. Readers who are not expert in the topic of the 

manuscript are likely to skip the paper if the introduction fails to succinctly summarize 

the gap in knowledge that the study addresses. It is important to note that many 

successful manuscripts require no more than a few paragraphs to accomplish these 

goals. Therefore, authors should refrain from performing extensive review or the 

literature, and discussing the results of the study in this section. 

4) Materials and Methods: The objective of the materials and methods section is to 

permit other investigators to repeat your experiments. The four components to this 

section are the detailed description of the materials used and their components, the 

experimental design, the procedures employed, and the statistical tests used to analyze 

the results. The vast majority of manuscripts should cite prior studies using similar 

methods and succinctly describe the essential aspects used in the present study. Thus, 

the reader should still be able to understand the method used in the experimental 

approach and concentration of the main reagents (e.g., antibodies, drugs, etc.) even 

when citing a previously published method. The inclusion of a “methods figure” will 

be rejected unless the procedure is novel and requires an illustration for 

comprehension. If the method is novel, then the authors should carefully describe the 

method and include validation experiments. If the study utilized a commercial 

product, the manuscript must state that they either followed manufacturer’s protocol 

or specify any changes made to the protocol. If the study used an in vitro model to 

simulate a clinical outcome, the authors must describe experiments made to validate 

the model, or previous literature that proved the clinical relevance of the model. 

Studies on humans must conform to the Helsinki Declaration of 1975 and state that 

the institutional IRB/equivalent committee(s) approved the protocol and that informed 

consent was obtained after the risks and benefits of participation were described to the 
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subjects or patients recruited. Studies involving animals must state that the 

institutional animal care and use committee approved the protocol. The statistical 

analysis section should describe which tests were used to analyze which dependent 

measures; p-values should be specified. Additional details may include randomization 

scheme, stratification (if any), power analysis as a basis for sample size computation, 

drop-outs from clinical trials, the effects of important confounding variables, and 

bivariate versus multivariate analysis. 

5) Results: Only experimental results are appropriate in this section (i.e., neither 

methods, discussion, nor conclusions should be in this section). Include only those 

data that are critical for the study, as defined by the aim(s). Do not include all 

available data without justification; any repetitive findings will be rejected from 

publication. All Figures, Charts and Tables should be described in their order of 

numbering with a brief description of the major findings. Author may consider the use 

of supplemental figures, tables or video clips that will be published online. 

Supplemental material is often used to provide additional information or control 

experiments that support the results section (e.g., microarray data). 

6) Figures: There are two general types of figures. The first type of figures includes 

photographs, radiographs or micrographs. Include only essential figures, and even if 

essential, the use of composite figures containing several panels of photographs is 

encouraged. For example, most photo-, radio- or micrographs take up one column-

width, or about 185 mm wide X 185 mm tall. If instead, you construct a two columns-

width figure (i.e., about 175 mm wide X 125 mm high when published in the JOE), 

you would be able to place about 12 panels of photomicrographs (or radiographs, etc.) 

as an array of four columns across and three rows down (with each panel about 40 X 

40 mm). This will require some editing to emphasize the most important feature of 

each photomicrograph, but it greatly increases the total number of illustrations that 

you can present in your paper. Remember that each panel must be clearly identified 

with a letter (e.g., “A,” “B,” etc.), in order for the reader to understand each individual 

panel. Several nice examples of composite figures are seen in recent articles by Jeger 

et al (J Endod 2012;38:884–888); Olivieri et al., (J Endod 2012;38:1007 1011); Tsai et 

al (J Endod 2012;38:965–970). Please note that color figures may be published at no 

cost to the authors and authors are encouraged to use color to enhance the value of the 

illustration. Please note that a multipanel, composite figure only counts as one figure 

when considering the total number of figures in a manuscript (see section 3, below, for 
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maximum number of allowable figures). The second type of figures are graphs (i.e., 

line drawings including bar graphs) that plot a dependent measure (on the Y axis) as a 

function of an independent measure (usually plotted on the X axis). Examples include 

a graph depicting pain scores over time, etc. Graphs should be used when the overall 

trend of the results are more important than the exact numerical values of the results. 

For example, a graph is a convenient way of reporting that an ibuprofen-treated group 

reported less pain than a placebo group over the first 24 hours, but was the same as the 

placebo group for the next 96 hours. In this case, the trend of the results is the primary 

finding; the actual pain scores are not as critical as the relative differences between the 

NSAID and placebo groups. 

7) Tables: Tables are appropriate when it is critical to present exact numerical values. 

However, not all results need be placed in either a table or figure.  

8) Discussion: This section should be used to interpret and explain the results. Both the 

strengths and weaknesses of the observations should be discussed. How do these 

findings compare to the published literature? What are the clinical implications? 

Although this last section might be tentative given the nature of a particular study, the 

authors should realize that even preliminary clinical implications might have value for 

the clinical readership. Ideally, a review of the potential clinical significance is the last 

section of the discussion. What are the major conclusions of the study? How does the 

data support these conclusions 

9) Acknowledgments: All authors must affirm that they have no financial affiliation 

(e.g., employment, direct payment, stock holdings, retainers, consultantships, patent 

licensing arrangements or honoraria), or involvement with any commercial 

organization with direct financial interest in the subject or materials discussed in this 

manuscript, nor have any such arrangements existed in the past three years. Any other 

potential conflict of interest should be disclosed. Any author for whom this statement 

is not true must append a paragraph to the manuscript that fully discloses any financial 

or other interest that poses a conflict. Likewise the sources and correct attributions of 

all other grants, contracts or donations that funded the study must be disclosed. 

10)  References: The reference style follows Index Medicus and can be easily learned 

from reading past issues of the JOE. The JOE uses the Vancouver reference style, 

which can be found in most citation management software products. Citations are 

placed in parentheses at the end of a sentence or at the end of a clause that requires a 

literature citation. Do not use superscript for references. Original reports are limited to 
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35 references. There are no limits in the number of references for review articles. 

 

• Manuscripts Category Classifications and Requirements 

 

Manuscripts submitted to the JOE must fall into one of the following categories. The abstracts 

for all these categories would have a maximum word count of 250 words: 

 

1) CONSORT Randomized Clinical Trial-Manuscripts in this category must strictly 

adhere to the Consolidated Standards of Reporting Trials-CONSORT- minimum 

guidelines for the publication of randomized clinical trials. These guidelines can be 

found at www.consort-statement.org/. These manuscripts have a limit of 3,500 words, 

[including abstract, introduction, materials and methods, results, discussion and 

acknowledgments; excluding figure legends and references]. In addition, there is a 

limit of a total of 4 figures and 4 tables*. 

2) Review Article-Manuscripts in this category are either narrative articles, or systematic 

reviews/meta-analyses. Case report/Clinical Technique articles even when followed 

by extensive review of the literature will should be categorized as “Case 

Report/Clinical Technique”. These manuscripts have a limit of 3,500 words, 

[including abstract, introduction, discussion and acknowledgments; excluding figure 

legends and references]. In addition, there is a limit of a total of 4 figures and 4 

tables*. 

3) Clinical Research (e.g., prospective or retrospective studies on patients or patient 

records, or research on biopsies, excluding the use of human teeth for technique 

studies). These manuscripts have a limit of 3,500 words [including abstract, 

introduction, materials and methods, results, discussion and acknowledgments; 

excluding figure legends and references]. In addition, there is a limit of a total of 4 

figures and 4 tables*. 

4) Basic Research Biology (animal or culture studies on biological research on 

physiology, development, stem cell differentiation, inflammation or pathology). 

Manuscripts that have a primary focus on biology should be submitted in this category 

while manuscripts that have a primary focus on materials should be submitted in the 

Basic Research Technology category. For example, a study on cytotoxicity of a 

material should be submitted in the Basic Research Technology category, even if it 
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was performed in animals with histological analyses.  These manuscripts have a limit 

of 2,500 words [including abstract, introduction, materials and methods, results, 

discussion and acknowledgments; excluding figure legends and references]. In 

addition, there is a limit of a total of 4 figures or 4 tables*. 

5) Basic Research Technology (Manuscripts submitted in this category focus primarily 

on research related to techniques and materials used, or with potential clinical use, in 

endodontics). These manuscripts have a limit of 2,500 words [including abstract, 

introduction, materials and methods, results, discussion and acknowledgments; 

excluding figure legends and references]. In addition, there is a limit of a total of 3 

figures and tables *. 

6) Case Report/Clinical Technique (e.g., report of an unusual clinical case or the use of 

cutting-edge technology in a clinical case). These manuscripts have a limit of 2,500 

words [including abstract, introduction, materials and methods, results, discussion and 

acknowledgments; excluding figure legends and references]. In addition, there is a 

limit of a total of 4 figures or tables*. 

 

  *Figures, if submitted as multipanel figures must not exceed 1 page length. 

Manuscripts submitted with more than the allowed number of figures or tables will require 

approval of the JOE Editor or associate editors. If you are not sure whether your manuscript 

falls within one of the categories above, or would like to request preapproval for submission 

of additional figures please contact the Editor by email at jendodontics@uthscsa.edu.� 

  Importantly, adhering to the general writing methods described in these guidelines 

(and in the resources listed below) will help to reduce the size of the manuscript while 

maintaining its focus and significance. Authors are encouraged to focus on only the essential 

aspects of the study and to avoid inclusion of extraneous text and figures. The Editor may 

reject manuscripts that exceed these limitations. 

 

• Available Resources: 
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Woods G. English Grammar for Dummies. Hungry Minds:NY, 2001 (an entertaining review 

of grammar). 
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