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APRESENTAÇÃO

Temos o privilégio de apresentar o segundo volume do livro “Medicina e 
Biomedicina”, um e-book de amplo espectro formado por trinta capítulos que envolvem 
conceitos e fundamentos inerentes a cada uma dessas duas áreas relevantes na 
pesquisa científica da saúde brasileira.

É de conhecimento de todos que as ferramentas disponíveis para a pesquisa no 
campo da saúde nem sempre são adequados para resolver os problemas existentes, 
necessitando assim de inovações em áreas como a medicina e biomedicina que 
possam de gerar novas informações e desenvolver maneiras melhores, e mais efetivas, 
de proteger e promover a saúde.

Cada uma das áreas aqui representadas possui características específicas que 
podem ser visualizadas ao longo dos capítulos produzidos por profissionais biomédicos 
e médicos, assim como semelhanças em atividades que corroboram para um conceito 
de integração multidisciplinar, haja vista que novas tecnologias para prevenção, 
diagnóstico, e tratamento complementam essas duas grandes áreas.

O livro  “Medicina e Biomedicina – volume 2”, aborda em cada capítlo, de forma 
específica conceitos aplicados à cada uma dessas duas grandes áreas evidenciando 
dados relevantes gerados em todo território nacional por acadêmicos e docentes 
destes dois cursos. Tendo em vista que  são diversas as subáreas tanto da medicina 
quanto da biomedicina, neste livro agregamos conetúdo que abrange temáticas como 
proteômica, infecção fúngica, diagnóstico, acupuntura, esclerodermia sistêmica, 
tratamento, síndrome, saúde pública; serviços de atendimento, patologia clínica, 
unidade de terapia intensiva pediátrica, epidemiologia, infecção hospitalar, hipertensão 
pulmonar, lúpus eritematoso sistêmico, relatos de casos, febre reumática, Indicadores 
de morbimortalidade, anatomia por imagens de ressonância magnética, efeitos 
colaterais e reações adversas relacionados a medicamentos e sistema nervoso.

Nossa expectativa é que esse material possa contribuir tanto com a comunidade 
acadêmica, quanto para com aqueles que pretendem ingressar em uma dessas duas 
áreas tão significativas. Parabenizamos cada autor pela teoria bem fundamentada 
aliada à resultados promissores, e principalmente à Atena Editora por permitir que 
o conhecimento seja difundido e disponibilizado para que as novas gerações se 
interessem cada vez mais pelo ensino e pesquisa em genética.

                                                                      Desejo a todos uma excelente leitura!
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RESUMO: Objetivo: Comparar os resultados de 
identificação de estruturas cerebrais utilizando-
se de imagens volumétricas isotrópicas por 
ressonância magnética, nas aquisições T1 
GRE e T1 IR GRE. Materiais e Métodos: Foram 
avaliados 120 blocos de imagens: 30 indivíduos 
com imagens extraídas do hemisfério esquerdo 
e direito e pelos dois métodos de aquisição: 
T1 GRE e T1 IR GRE. A partir da metodologia 
baseada em Naidich et al. (1997) para 
localização dos referenciais anatômicos, as 27 
estruturas anatômicas foram classificadas em 
duas categorias, identificável versus deixam 

dúvidas quanto à identificação somadas as 
não identificável para análises de repetitividade 
(intraobservador) e reprodutibilidade 
(interobservadores).Resultados: Com a 
corroboração que houve uma boa concordância 
na análise intra e interobservador (Kappa médio 
superior a 0,60), a avaliação das imagens de 
cada referencial anatômico, testada entre T1 
GRE e T1 IR GRE pelo Teste de McNemar, 
indicou uma maior frequência de referenciais 
identificáveis pelo método T1 IR GRE do que 
pelo método T1 GRE. Conclusão: O método de 
imagem T1 IR GRE apresenta um desempenho 
levemente superior, porém, estatisticamente 
significativo ao método T1 GRE para identificar 
os referenciais anatômicos cerebrais. Cabe 
aprofundar se essas diferenças possuem 
efeitos no plano prático.
PALAVRAS-CHAVE: Ressonância Magnética; 
Estruturas anatômicas cerebrais; Anatomia por 
imagens de ressonância Magnética

PERFORMANCE EVALUATION BETWEEN 
T1 GRE AND T1 IR GRE IN ANATOMICAL 
STRUCTURES IDENTIFICATION OF THE 

SIDE SURFACE OF BRAIN

ABSTRACT: Objective: To compare the brain 
structures identification results using the isotropic 
volumetric magnetic resonance imaging, the 
acquisitions GRE T1 and T1 IR GRE. Materials 
and Methods: A total of 120 images of blocks: 
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30 subjects with images taken from the left and right hemispheres and the two methods 
of acquisition: GRE T1 and T1 IR GRE. From the methodology based on Naidich et al. 
(1997) to locate the anatomical frames, 27 anatomical structures were classified into 
two categories, identifiable versus leave no doubt as to the identification added the 
unidentifiable for repeatability analysis (intra) and reproducibility (inter). Results: With 
a confirmation that there was a good agreement in the intra and interobserver analysis 
(mean kappa greater than 0.60), the evaluation of the images of each anatomical 
reference, tested between T1 and T1 IR GRE GRE by the McNemar test indicated a 
higher frequency identifiable by reference T1 IR GRE method than by T1 GRE method. 
Conclusion: The imaging method T1 IR GRE has a slightly higher performance, however, 
statistically significant at T1 GRE method to identify brain anatomical references. It 
deepen these differences have an effect on the practical level.
KEYWORDS: MRI; Brain anatomical structures; Anatomy by Magnetic Resonance 
Imaging

1 |  INTRODUCTION

Topographic anatomy can be described by both cranial computed tomography 
(CT) and cranial magnetic resonance imaging (MRI). New multislice CT scanners have 
good spatial resolution and can make correlations with craniometric points. However, 
these scanners also increase radiation exposure and produce less sharp images 
of the cortical mantle (KOPP, SCHROEDER, BAUMBACH, KUETTNER, GEORG, 
OHNESORGE, HEUSCHMID, KUZO, CLAUSSEN, 2001).  A comparison of CT and MR 
images of the lateral side shows that fixed time, weighted MR images in the horizontal 
plane (T1) and acquired by spin-echo (SE), are superior to tomographic images 
for identifying predetermined structures (NAIDICH, BRIGHTBILL, 1996). Because 
MR does not provide an adequate osseous framework for locating elements in the 
lateral face, a sulci and gyri identification system has been developed to study normal 
anatomical relationships. Significant success in the characterization of preselected 
anatomic elements from MR images acquired by SE in T1 and T2 sequences was 
achieved by following the length of the lateral fissure and then identifying sulci and gyri 
in the lateral face (NAIDICH, KUBIK, TABER, YASARGIL, 1997).

Recent advances in image acquisition and post-processing have made it financially 
viable to use T1-weighted gradient-echo images (T1 GRE) and T1-weighted inversion 
recovery gradient-echo pulse sequences (T1 IR GRE) in routine exams. Improved coils 
and image post-processing methods make it possible to obtain images from three-
dimensional matrices of isotropic voxels. These images are called isotropic volumetric 
images that can be high quality in any orthogonal plane (BUSHONG, CLARKE, 2013). 
T1 GRE images are routinely used in most tests to show cortical topographic changes. 
Nevertheless, T1 IR GRE images provide greater contrast between gray and white 
matter, allowing more precise identification of anatomical references (HASHEMI, 
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WILLIAM, CHRITOPHER, 2010).
Therefore, the present study aimed to evaluate the identification of anatomical 

references using magnetic resonance imaging of the lateral surface of the brain with 
pulse sequences that are currently available for topographic location. Weighted T1 GRE 
and T1 IR GRE were chosen because the first is routinely used in most MR exams and 
because T1 IR GRE is not normally recommended for the evaluation of cortical mantle 
structures. Demonstrating that T1 IR GRE is superior to T1 GRE is useful because 
the topographic anatomical study of sulci and gyri is not only important for the routine 
diagnosis and treatment of pathologies, but also for neuroscientists making anatomical-
functional correlations between cortex patterns and the development of pathologies 
(RIBAS, YASUDA, RIBAS, NISHIKUNI, RODRIGUES, 2006; ROBICHON, LEVRIER, 
FARNARIER, HABIB, 2000). 

The goal of this study was to analyze the performance of the T1 GRE and T1 IR 
GRE pulse sequences. To this end, we first evaluated the reliability of the techniques 
using intra and inter-observer concordance analyses and then determined which 
technique was better for identifying anatomical references of the lateral surface of the 
brain.  

2 |  MATERIALS AND METHODS

 Our study was approved by the XX-X committee on ethical research) and had 
a prospective character.  Participants were recruited via announcements at YY. After 
learning about the objectives and procedures of the study, the participants signed a 
free and informed consent form. Next, the participants filled out a questionnaire and an 
Edinburgh Handedness Inventory to confirm eligibility for the study. 

The study excluded subjects who had any neurological or other medical conditions 
that would invalidate the examination. After the initial interview, eligible participants 
were scheduled for MR exams. The sample consisted of 30 young adults (average age 
25.3 years): 16 women (53.3%) and 14 men (46.76%). Thirteen (43%) of these were 
left-handed and 17 were right-handed (53%).

The device used for magnetic resonance was a Magneton Symphony® 1.5T 
(SIEMENS, Erlangen, Germany) with a 12 channel coil. Isotropic volumetric images 
were acquired from the T1 GRE and T1 IR GRE sequences as specified in Table 1. 
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            1 T1 GRE T1 IR GRE

Acquisition
Volumetric sagittal

gradient-echo
Volumetric coronal

Matrix 256 x 256 256 x 256

Voxel Isotropic (1 x 1 x 1mm) Isotropic (1 x 1 x 1 
mm)

Parameters
TR 1910 TR 4000
TE 3.09 TE 373

FOV 256 mm 260 mm
Cut thickness 1 mm 1 mm

Interval between cuts Zero zero
Flip angle 15o -

Inversion time - 350 msec

Table 1: Magnetic resonance parameters of the T1GRE and T1 IR sequences. 

An experienced radiologist evaluated the tests to identify pathologies and to 
delete images with motion artifacts or that were otherwise inadequate for evaluation.

The 30 MRI, weighted T1 GRE and T1 IR GRE files were transferred to OsiriX 
M.D.® software v.5.7.1. 64 bit (Pixmeo SARL, Bernex, Switzerland). Sixty image blocks 
were obtained from which the left and right hemispheres were analyzed, resulting in a 
total of 120 image blocks. 

A method described by Naidich et al 3 was used to qualitatively identify the main 
anatomical structures in the lateral side of the brain. This method consists of a 15-step 
description that identifies the 27 anatomical structure of the lateral side of the brain 
using MRI sagittal cross-sections. 

1	 Anatomic structures
Easily i

dentifiable
Tentatively 
identifiable Not identifiable

Step 1
1. Lateral convexity (sagittal cut) in the segment 
where the lateral fissure is most visible. 

Step 2
2. Lateral fissure
2.1. Posterior horizontal ramus
2.2. Anterior horizontal ramus
2.3. Anterior ascending ramus 
2.4. Posterior ascending ramus
2.5. Posterior descending ramus 
2.6. Anterior sub-central sulcus 
2.7. Posterior sub-central sulcus
2.8. Transverse temporal sulcus 
2.9. Anterior sylviano point 



Medicina e Biomedicina 2 Capítulo 20 172

Step 3
3. Inferior frontal gyrus
3.1. Orbital part
3.2. Triangular part 
3.3. Opercular part
Step 4
4. Medial frontal gyrus
Step 5

5. Connection between frontal-medial gyrus and 
pre-central gyrus 

Step 6
6. Pre-central sulcus
Step 7
7. Pre-central gyrus
Step 8
8. Central sulcus
Step 9
9. Post-central gyrus
Step 10
10. Post-central sulcus
Step 11

11. Posterior ascending ramus of the lateral fis-
sure/supramarginal gyrus

Step 12
12. Superior temporal sulcus
Step 13
13. Angular gyrus
Step 14
14. Intraparietal sulcus
Step 15
15. Superior parietal lobe

Table 2: Anatomic references to be identified on the lateral side of the brain.

Source: modified from (Naidich TP et al.; 1997).

The T1 GRE and T1 IR GRE acquisitions were analyzed in sagittal cross-sections 
with bi-dimensional reconstructions that minimized the overlapping of sulci and gyri in 
the coronal and axial planes. Verification started with the identification of the longest 
section of the lateral fissure. This step was followed by 15 steps used to identify the 27 
anatomical structures of the lateral side of the brain, as described in the latest version 
of Naidich et al (NAIDICH, KUBIK, TABER, YASARGIL, 1997). The structures were 
classified as easily identifiable, tentatively identifiable or not identifiable. 
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Observer 1 performed a repeatability analysis of the 120 image blocks at 3 different 
times (evaluations), with a minimum interval of 10 days. The sequence of the images 
was randomized for each of these evaluations. This procedure resulted in 360 total 
observations (30 individuals x 2 hemispheres x 2 imaging methods x 3 evaluations) for 
the intraobserver analysis.

Two other evaluators (observer 2 and observer 3) analyzed the anatomical 
structures. Both observers are neurosurgeons from Londrina, Brazil who were invited 
because of their familiarity with the anatomy and image types.  These procedures 
produced an additional 240 observations (30 individuals x 2 hemispheres x 2 imaging 
methods x 2 observers). However, to test the reproducibility of the analysis, evaluations 
from the first observer were also included (i.e. an additional 120 observations). Thus, 
there were 360 total observations used for the interobserver analysis. 

All observers received instruction manuals with relevant information about the 
target variables and their use, and tables for noting down findings. All images were 
viewed under standardized conditions using the same Apple MacBook Pro with a 15” 
retina display (2880 x 1800 pixels, 220 PPI resolution). The 120 block image sequences 
were reordered randomly in three ways such that each observer only had access to his/
her data sequence. 

The performance of the imaging techniques (T1 GRE and T1 IR GRE) was 
determined in two concurrent stages. First, we used the Kappa concordance index to 
determine whether the image techniques led the observers to similar results. Afterwards, 
we used the nonparametric McNemar test to examine interobserver concordance and 
determine if one of the techniques facilitated the identification of anatomical structures 
more than the other.  Six different scenarios were used in this step and are outlined in 
the results section.

3 |  RESULTS

To determine intra and interobserver concordance, weighted Kappa coefficients 
were estimated for the three classifications: not identifiable, tentatively identifiable and 
easily identifiable.  Of the 216 potential Kappa indices (27 structures in two hemispheres 
using the T1 GRE and T1 IR GRE methods) it was possible to measure 115 Kappa 
coefficients (58 from intraobserver and 57 from interobserver observations). In general 
all Kappa coefficients were significant at 1%, indicating that concordance among almost 
all evaluations was positive and not equal to zero. The only Kappa value that was not 
significant (0.04) referred to the interobserver analysis using the T1 GRE method on 
the right side for the anterior sub-central sulcus. The mean of the calculated Kappa 
coefficients was 0.62 ± 0.02, which is good according to the criteria of Byrt et AL (BYRT, 
BISHOP, CARLIN, 1983).

Only 24.3% of the Kappa coefficients were classified as poor (Kappa <0.2) or 
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weak (Kappa<0.04) according to Byrt et al17. There were no differences between intra 
or interobserver analyses (intraobserver = 0.60 ± 0.03, interobserver = 0.63 ± 0.04). 

After confirming strong intra and interobserver concordance, the McNemar test 
was carried out to determine if some methods could be used to identify anatomic 
structures more easily than others. For this test it was assumed that each image 
evaluation for anatomic structures was independent from the others. This hypothesis 
can be considered strong given the characteristics of the survey data such as the 
same examiner, the same image and different times, which might indicate dependence 
between cases. However, if the results remain stable under different simulations, then 
one could make a conclusion in favor of the findings.  

Thus, there would be 16,200 observations: 8,100 observations for the T1 GRE 
method and 8,100 observations for the T1 IR GRE method. This number comes from the 
600 observations (3 evaluations from the observers x 120 image blocks + 2 evaluations 
from observers two and three x 120 image block) that are segregated by images of the 
27 anatomical structures (27x600) and separated between the T1 GRE and T1 IR GRE 
sequences  (27x600÷2). 

The lateral convexity and lateral fissure references were excluded from the results 
because they showed 100% concordance between the intraobserver and interobserver 
analyses. This was done to avoid over-estimating the frequency of identifiable 
images, given that these structures would easily be identifiable regardless of method. 
Accordingly, only 7,500 observations were used for the T1 GRE method and 7,500 for 
the T1 IR GRE method. 

Using these 15,000 observations, the following six scenarios were considered in 
the McNemar test. 

1) all observations (n=15000);
2) only intraobserver analysis (n=9000);
3) only interobserver analysis (n=9000);
4) only evaluations from the first observer (n=3000);
5) only evaluations from the second observer (n=3000);
6) only evaluations from the third observer (n=3000).

Only two classifications were considered in the McNemar test for the “not 
identifiable” plus the “tentatively identifiable” evaluations versus the “easily identifiable” 
evaluations. In practical terms, these two classifications (identifiable or not identifiable) 
are the most interesting. The McNemar test is intended for two classifications. Thus, we 
tested whether the frequency of Identifiable (“identifiable” plus “tentatively identifiable”) 
in the T1 GRE method differed from the frequency of Identifiable (“identifiable” 
plus “tentatively identifiable”) in the T1 IR GRE method. Table 3 summarizes these 
frequencies.  
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T1 IR GRE

 T1 GRE

Total 

Not identifiable 
or questiona-

ble Identifiable
All observations 

(n=15000)
Not identifiable 

or tentatively
n 582 91 673
% 7.8% 1.2% 9.0%

Identifiable n 256 6571 6827
% 3.4% 87.6% 91.0%

Total n 838 6662 7500
 % 11.2% 88.8% 100.0%

I n t r a o b s e r v e r 
analysis (n=9000)

Not identifiable 
or tentatively

n 374 53 427
% 8.3% 1.2% 9.5%

Identifiable n 176 3897 4073
% 3.9% 86.6% 90.5%

Total n 550 3950 4500
 % 12.2% 87.8% 100.0%

I n t e r o b s e r v e r 
analysis (n=9000)

Not identifiable 
or tentatively

n 341 51 392
% 7.6% 1.1% 8.7%

i den t i -
fiable

n 145 3963 4108
% 3.2% 88.1% 91.3%

Total n 486 4014 4500
 % 10.8% 89.2% 100.0%

First evaluation 
from observer 1 

(n=3000)

Not identifiable 
or tentatively

n 133 13 146
% 8.9% .9% 9.7%

Identifiable n 65 1289 1354
% 4.3% 85.9% 90.3%

Total n 198 1302 1500
 % 13.2% 86.8% 100.0%

Only evaluation 
from observer 2 

(n=3000)

Not identifiable 
or tentatively

n 103 23 126
% 6.9% 1.5% 8.4%

Identifiable n 48 1326 1374
% 3.2% 88.4% 91.6%

Total n 151 1349 1500
 % 10.1% 89.9% 100.0%

Only evaluation 
from observer 3 

(n=3000)

Not identifiable 
or tentatively

n 105 15 120
% 7.0% 1.0% 8.0%

Identifiable n 32 1348 1380
% 2.1% 89.9% 92.0%

Total n 137 1363 1500
 % 9.1% 90.9% 100.0%

Table 3 – Cross-table between T1 GRE and T1 IR GRE

shows the absolute (n) and relative (%) frequency of identifiable, tentatively identifiable or not 
identifiable images via the T1 GRE and T1 IR GRE methods under six different scenarios: 1) 
all observations (McNemar χ2 = 77.51, p-value=0.000), 2) intraobserver analysis (McNemar 
χ2 = 64.97, p-value=0.000), 3) interobserver analysis (McNemar χ2 = 44.12, p-value=0.000). 
4) first evaluation from observer 1 (McNemar χ2 = 33.35, p-value=0.000). 5) only evaluation 
from observer 2 (McNemar χ2 = 8.11, p-value=0.003) and 6) only evaluation from observer 3 

(McNemar χ2 = 5.48, p-value=0.020).
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Considering all observations, the T1 IR GRE method (91% of observations 
identifiable) was slightly, but statistically better when used for identification than was 
the T1 GRE method (88.8% identifiable) (McNemar χ2 = 77.51, p = 0.000).  

The McNemar test showed that the T1 IR GRE method performed better under 
all scenarios (p < 5%).  For example, the difference between the identifiable frequency 
from the first observation of the researcher for the T1 IR GRE and T1 GRE methods was 
a highly significant 3.5%. In general, considering all of the evaluations as independent, 
as usually happens in MRI evaluations, the T1 IR GRE method performed slightly better 
than the T1 GRE method.

4 |  DISCUSSION

There are no established MRI techniques for evaluating the components of the 
cortical mantle. Various pulse sequences have been described in the literature including 
T1 GRE, T2 GRE, spoiled GRASS, Gradient Recalled in Steady State SPGR, spoiled 
GRE and T1 IR GRE (CLARK, PLANTE, 1998; TAMRAZ, COMAIR, 2006; FOUNDAS, 
WEISBERG, BROWNING, WEINBERGER, 2001; KELLER, HIGHLEY, GARCIA‐
FINANA,  SLUMING, REZAIE, ROBERTS, 2007; CALABRESE, DE STEFANO, ATZORI, 
BERNARDI, MATTISI, BARACHINO, MORRA, RINALDI, ROMUALDI, PERINI, 2007) . 
Weighted GRE images obtained from volumetric isotropic arrays provide high resolution 
images in all orthogonal planes (HASHEMI, WILLIAM, CHRITOPHER, 2010).

T1 IR GRE acquisitions provide better contrast between grey and white substances 
in the convolutions between gyri. This occurs because the water contained in the cortical 
region, primarily concentrated in the cytoplasm of neurons and glial cells, provides 
greater contrast when it is goes through the inversion recovery process, which forms the 
signal that is the basis for the MRI13.  This characteristic makes several relevant clinical 
applications possible such as better visualizations of cryptogenic neocortical lesions 
and atrophy of the hippocampus associated with temporal lobe epilepsy (ACHTEN, 
BOON, DE POORTER, VAN DE KERCKHOVE, DE REUCK, KUNNEN, 1995). The 
technique has also been recommended for the detection of inflammatory cortical lesions 
in patients with multiplesclerosis (CALABRESE, DE STEFANO, ATZORI, BERNARDI, 
MATTISI, BARACHINO, MORRA, RINALDI, ROMUALDI, PERINI, 2007).

The contrast that T1 IR GRE produces between grey and white substances in the 
cerebral cortex provides an effective way to discriminate structures in cerebrospinal 
fluid, which would assist in the segmentation process of volumetric studies (PHAM, 
XU, PRINCE, 2000). A meta-analysis of the factors that influence the volumetric 
determination of the amygdala via MRI showed that the primary problem was a lack 
of precision in defining the anatomy of the region (BRIERLEY, SHAW, DAVID, 2002). 
Thus, a more precise method of determining the edges of anatomical structures would 
improve the precision and consistency of volumetric anatomical studies. 
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With these expectations in mind, we aimed to determine if obtaining images using 
the T1 IR GRE method improved the identification of the 27 structures of the cerebral 
surface relative to the T1 GRE method (NAIDICH, KUBIK, TABER, YASARGIL, 1997). 
We based our approach on the method described by Naidich et al (NAIDICH, KUBIK, 
TABER, YASARGIL, 1997). Given our materials and methods, which mainly consisted 
of five evaluations of 30 MR images of the cranium for each of the imaging techniques 
and cranial hemispheres, our study showed that the T1 IR GRE method performed 
statistically better, though only somewhat better, than the T1 GRE method.

5 |  CONCLUSION

We used weighted Kappa concordance indices to confirm the reliability of T1 
GRE and T1 IR GRE methods by evaluating intra and interobserver analyses of the 
27 structures of the surface of the brain. We then used the McNemar test to show that 
the T1 IR GRE method enables easier identification of these structures than does the 
T1 GRE method. To perform these statistical tests, we needed to assume that the 
evaluation of each of the images of the 27 anatomical reference points was independent 
from all other evaluations. This hypothesis does not apply to the context of the study 
because it deals with the same observer, image and subject.  However, the results did 
remain stable in all six scenarios, which supports the findings of this study.  Regardless 
of the limitations of the study, the statistical evidence of the superior performance of the 
T1 IR GRE method compared to the T1 GRE method should also be evaluated in terms 
of cost/benefit given that in one of the simulated scenarios, T1 IR GRE was only 1.1% 
superior to T1 GRE in identifying anatomical structures of the brain. 
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