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Introduction
Understanding the anatomy of the parietal lobe PL is important 

because of the multiple functions performed by this region and its status 
as the location where various pathologies occur. Mesulan observed that 
the shape of the elements comprising the cortical mantle is related to 
the pattern of subcortical connections, notably relating the morphology 
of the cortex to the function performed by this group of neurons [1]. As 
a result, determination of the main elements comprising a given region 
may translate into the way this region carries out its functions. The 
classic descriptions in the literature by Ono et al. based on anatomical 
studies, and Duvernoy, which correlated anatomical features and MRI 
with the main references comprising the PL, have been questioned for 
presenting inconsistent and diverging assertions [2,3]. In this context, 
a new study on this region of the brain, with a reassessment of previous 
findings and confirmation of current findings, is deemed important. 
Throughout the years, findings from neuroanatomical studies in 
formaldehyde–fixed brains have been extrapolated to establish in vivo 
correlations. Anatomical studies of normal individuals using MRI 
are now possible, making it easier to understand the singularities and 
similarities of each region. There is no standard method for studying 
topographical morphology through MRI, and no one sequence is used 
routinely. Recently, the following methods have been applied: T1-
weighted gradient echo T1 GRE [4], T2-weighted gradient echo T2 
GRE [5], spoiled GRASS [6], spoiled GRE [7], and T1 IR GRE [8,9]. 
Given the improvements in MRI equipment, techniques such as the 
T1-weighted inversion recovery gradient echo T1 IR GRE are no longer 
economically unfeasible and may be used routinely. It is important to 
highlight that this technique features a higher contrast between the 
cortical grey matter and the subcortical white matter, making the 
borders of the gyrus clearer and potentially easier to delineate [10]. 
Geurts et al. demonstrated the utility of this technique in assessing 
cortical lesions resulting from multiple sclerosis [9], while Achten et 
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al. highlighted its importance in visualising cryptogenic neocortical 
lesions and atrophy of the hippocampus associated with epilepsy in 
the temporal lobe [11]. There is an apparent difficulty in anatomical 
description of the lateral surface of the brain in relation to the location 
of the sulci and gyri which comprise the encephalic surface. This results 
from the difficulty in assessing the surface through imaging exams, and 
from the individual variability of the cortical topography. Without 
reference points, identifying the most relevant structures becomes 
difficult and confusing. Consequently, methodology adapted from 
descriptions by Naidich et al. and Wagner et al. was further adapted into 
a nine-step method for identifying nine references which comprise the 
parietal lobe on the lateral surface [12,13]. In this context, the objective 
of this is study is to propose a method to locate nine references in the 
parietal lobe, analyse the reliability of the techniques T1 GRE and T1 IR 
GRE in relation to the method, determine which technique performs 
better in identifying the proposed references, and discuss controversial 
points found in the literature regarding the topographical descriptions 
of this region.

Subjects and Methods
Sample size and participants

For the sample selection, a statistical power of 80% was considered. 
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A moderate kappa kappa >0.5 was used to test the null hypothesis 
that there is no agreement between the methods for identifying the 
structures on the lateral surface of the brain. From those parameters, 
according to Sim and Wright, the minimum sample was calculated 
as 25 individuals was stated by Sim and Wright [14]. Considering 
potential losses, 30 individuals were selected. The study included 30 
adult volunteers selected in a non-probabilistic fashion with a mean 
age of 25.3 ± 7.04 years; 1653.3% were women and 1446.7% were 
men. After approval by the ethics committee, the volunteers were 
interviewed so that the eligibility criteria could be verified and the 
procedures could be explained to them. They were then asked to sign 
an informed consent form.

Image acquisition processes

All 30 individuals underwent a single standard cranial MRI, 
and images were acquired using the T1 GRE and T1 IR GRE pulse 
sequences. The MRI equipment was a Magneton Symphony® 1.5 T 
SIEMENS, Erlangen, Germany, with a 12-channel coil. The isotropic 
volumetric images were obtained using two sequences, T1 GRE and 
T1 IR GRE, following the standard specifications listed below and on 
planes parallel to the inter commissural line. The T1 GRE images were 
acquired with a 15° flip angle. For the inversion recovery imaging T1 
IR GRE, inversion time was 350 milliseconds; the parameters for each 
sequence are detailed in Table 1.

The images obtained were initially assessed by an experienced 
radiologist in order to eliminate images with movement artefacts, 
images which were not adequate for the assessment, and images 
containing pathological findings the quality of the images acquired 
using T1 GRE and T1 IR GRE on the sagittal plane which were 
used in this study. The resulting data were recorded in the DICOM 
Digital Imaging and Communications in Medicine system, where the 
images were codified to secure volunteer anonymity. The images were 
transferred to a MacBook Pro 15” notebook, and Osiri X M.D.® v.5.7.1. 
64 bit software Pixmeo SARL, Bernex, Switzerland was used to analyse 
the images through 2D orthogonal MPR multi-planar reconstruction. 
The T1 GRE and T1 IR GRE files formed 60 blocks of images, and the 
left and right hemispheres were analysed separately, resulting in a total 
of 120 blocks. Five assessment sequences were produced at random 
to conduct the repeatability and reproducibility tests, and the AES 
Advanced Encryption Standard method was used. The advantage of this 
method is the use of a single key to encrypt and decrypt the code. The 
software performed in a completely satisfactory manner considering 
the project requirements. It was developed by Alekcey Colione and is 
available at Ale.inf.br/encoder.

Method to Identify the Structures in the Parietal Lobe
The anatomy of the lateral surface of the brain was assessed in a 

qualitative manner with regard to identifying the most important 
anatomical structures. Methodology adapted from a study by Naidich 
et al. [12] and Wagner et al. [13] was used, following nine steps to 
determine the nine references for the parietal lobe, as follows:

Stage 1

Obtain a sagittal image of the convexity: On the sagittal plane, 
parallel to the midline, the image with the lateral fissure LF in its largest 
extension is chosen. The image may later be repositioned laterally or 
medially in order to identify the following references.

Stage 2

Postcentral sulcus PoCS: Immediately posterior to the postcentral 
gyrus, this structure is oblique and parallel to this gyrus. The upper 
portion of the postcentral sulcus may extend horizontally, continuing 
along the intraparietal sulcus.

Stage 3

Supramarginal gyrus SMG: The reference point for the 
supramarginal gyrus is the posterior ascending ramus of the lateral 
fissure and the inferior portion of the postcentral sulcus. The posterior 
ascending ramus is located in the superior portion and its distal edge 
features a continuous, bifid, or hook-like shape. Above this landmark is 
a band of tissue which begins at the inferior portion of the postcentral 
sulcus and includes the posterior portion, forming a C-shape. It then 
joins the superior temporal gyrus. The extension of this structure was 
determined according to the protrusion of the parietal operculum.

Stage 4

Superior temporal sulcus STS: Parallel to the lateral fissure and 
identified as a long, continuous, and horizontal sulcus that may feature 
a simple or bifid edge in its supradistal portion.

Stage 5

Angular gyrus AG: Identified as the brain tissue around the distal 
and angular portion of the superior temporal sulcus. The angular gyrus 
may be U-shaped, with a simple edge, or heart-shaped, in which case 
it has a bifid edge.

Stage 6

Intraparietal sulcus IPS: The intraparietal sulcus may be observed 
as a primary sulcus with an inferior concavity, emerging from the 
postcentral sulcus and forming an arch above the postcentral gyrus, 
the angular gyrus, and any accessory gyrus that extends toward the 
occipital lobe. It may also be recognised as a discontinuous sulcus with 
parts located behind the supramarginal sulcus, a secondary sulcus 
which is posterior to the angular gyrus, or an intermediary sulcus 

T1 GRE T1 IR GRE
Acquisition Gradient echo sagittal plane Coronal plane
Matrix 256 × 256 256 × 256
Voxel Isotropic (1 × 1 × 1 mm) Isotropic (1 × 1 × 1 mm)
Parameters TR 1910 TR 4000

TE 3.09 TE 373
FOV 256 mm 260 mm
Slice thickness 1 mm 1 mm
Spacing between slices Zero Zero
Flip angle 15o -
Inversion time - 350 msec

Table 1: Specification of the MRI acquisition parameters for both sequences (T1GRE and T1 IR GRE).
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positioned dorsally in relation to a pre-supramarginal or pre-angular 
accessory sulcus. A third description for the intraparietal sulcus is the 
sulcus that defines the supramarginal gyrus, the angular gyrus, and the 
small temporal-occipital arch which together form the inferior parietal 
lobe.

Stage 7

Superior parietal lobe SPL: Group of gyri which are in a posterior 
position in relation to the superior portion of the postcentral gyrus, and 
a superior position in relation to the supramarginal and angular gyri. Its 
limits are established by the superior portion of the postcentral sulcus 
on the anterior side and by the intraparietal sulcus on the inferior side.

Stage 8

The U sign US: Inferior junction between the precentral gyrus and 
the postcentral gyrus, located under point where the central sulcus 
ends; it is shaped like an arch with the concavity facing upwards. The 
postcentral gyrus is located immediately posterior to this structure.

Stage 9

Thickness, PostCG < PreCG TPoCG<PreCG: Apparent narrowing 
in the postcentral gyrus PostCG compared to the precentral gyrus 
PreCG when observed along the central sulcus in sagittal imaging.

Data Analysis
The reliability of this method of data analysis was tested based on 

assessments of repeatability intra-observer analyses and reproducibility 
inter-observer analyses, as well as on the level of agreement between 
the techniques for each of the proposed references in relation to each 
hemisphere. Next, the performance between the two sequences was 
compared using the significant difference between the proportions of 
easily identified findings from each technique. In the intra-rater and 
inter-rater analyses, both techniques were assessed in relation to the 
references in each hemisphere. The agreement level was determined 
through the kappa method for each technique in relation to the side. 
An overall kappa was calculated for all references according to the 
technique and in relation to the side studied. In order to verify the 
level of agreement and compare the techniques in each hemisphere, 
the items comprising the parietal region in each MRI were classified 
as: easily identified, unclear, and not identified. In other words, it was 
possible to verify the agreement between the techniques and between 
hemispheres using the kappa. To perform this comparison, assessments 
deemed unclear were merged with those where the structures were 
not identified, resulting in only two possible assessments with regard 
to the identification of the item in each MRI. This permitted the use 
of the binomial method to compare the identification proportions 
between the techniques in relation to the hemisphere. For evaluation 
of the parietal region as a whole, all nine references were grouped in 
such a way that the number of evaluations in the group represented 
the total number of items multiplied by the number of patients 
evaluated. Data were assessed using Stata v.13.1. software StataCorpor. 
Stata Statistical Software: Release [13]. College Station, TX: Stat. Stata 
Corp LP. For the repeatability analysis, the researcher performed three 
assessments with an interval of ten days between each observation. 
As for the reproducibility of the method, analyses were performed 
by comparing the researcher’s first assessment with two external 
assessments conducted by two neurosurgeons who were invited to 
participate for being familiar with both the anatomy in the region and 
the corresponding imaging. They received an instruction manual with 
relevant information on the variables to be observed and an explanation 

of the use of the method, following the same protocol used in the 
assessment of repeatability. In order to classify the agreement pattern 
in both the repeatability and reproducibility assessments, a prevalence-
adjusted and bias-adjusted kappa PABAK was used, as proposed by 
Byrt et al. Kappa values equal to or greater than satisfactory were 
deemed good agreement values, as detailed in Table 2 [15].

Results
A satisfactory or higher level of agreement was found for the 

two techniques in both the intra- and inter-rater analyses of most 
references. Reports obtained through the different techniques in each 
hemisphere can be found in Table 3. The superior temporal sulcus 
stands out because of the lack of disagreement on the right side using 
the T1 IR GRE technique. On the left side, however, disagreement was 
more apparent. Regarding the T1 GRE technique, disagreement was 
more apparent on both sides, indicating that, both in the intra- and 
inter-observer analyses, it was more difficult to find agreements in the 
assessments using T1 GRE than using T1 IR GRE.

Continuing with the reliability test, the method was checked for 
the level of agreement between the techniques for each proposed 
reference in relation to each hemisphere. A satisfactory or higher level 
of agreement was observed between the two techniques in the parietal 
region as a whole on both the left and right sides. Table 4 shows 
that the superior temporal sulcus and the superior parietal lobule 
featured a weak level of agreement on the left side. The percentage of 
disagreement, in turn, was high for both items and on both the right 
and left sides. This indicates that several assessments were perceived 
differently in the different techniques. For most items, however, 
both techniques showed a satisfactory or higher level of agreement 
regarding the ease of identifying the references. No disagreements were 
observed with regard to the assessments. Analysis using the binomial 
test was applied to assess the performance between T1 GRE and T1 
IR GRE. The assessment considered the significant difference between 
the proportions of easily identified findings in each technique. Table 5 
showed a significant difference in the parietal region as a whole both 
on the right and left sides. The T1 IR GRE technique was superior on 
both sides. The superior temporal sulcus STS and the angular gyrus 
AG stood out. By assessing the references individually using T1 IR 
GRE, the STS was significantly easy to identify on both sides, while the 
angular gyrus was only significantly easy to identify on the right. The 
intraparietal sulcus and the postcentral sulcus were easily identified by 
both techniques in all assessments. A bar graph was created to provide 
a better visualisation of the percentages of easily-identified findings. It 
lists references individually and shows all nine items in relation to the 
technique used and side studied.

Discussion
For the objectives of the study to be achieved, it was necessary to 

first assess the reliability of the method for the selected techniques. This 
was done by analysing intra- and inter-observer agreement and 

0.93-1.00 Excellent
0.81-0.92 Very good
0.61-0.80 Good
0.41-0.60 Satisfactory
0.21-0.40 Weak
0.01-0.20 Poor

0.00 or less No agreement

Table 2: Pattern of agreement with prevalence-adjusted and bias-adjusted kappa 
according to criteria by Byrt et al. [15].
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comparing the techniques in relation to the references in each 
hemisphere. The reliability of the method to analyse repeatability intra-
observer and reproducibility inter-observer used the individuals as a 
parameter. It showed a satisfactory or higher level of agreement using 
the two techniques in both hemispheres and in the intra-rater and 
inter-rater observations. The reliability of the method to compare the 
techniques in relation to the hemispheres used the techniques as a 
parameter. It showed a satisfactory or higher level of agreement for 
both the right and left parietal regions, and yielded a total kappa of 0.53 
on the right and 0.75 on the left. By isolating the references, the 
elements that featured the highest percentage of easily identified 
findings were the U-shaped connection, postcentral gyrus, and 
postcentral sulcus, regardless of the technique used and side studied. 

These findings are compatible with those described by Wagner et al. 
[13]. The exceptions found in this study were related to the superior 
temporal sulcus STS on both sides, the angular gyrus AG on the right 
side, and the superior parietal lobule SPL on the left. In order to clarify 
possible causes that led to these results, the findings were assessed 
individually. For the STS, the T1 IR GRE method proved to be better 
than the T1 GRE with respect to identification on both sides. Data from 
an anatomical study helped interpret how the STS is more likely to 
appear according to the hemisphere [16]. The higher the number of 
segmentations, the harder it was to define the sulcus correctly in MRI 
assessment. By observing formaldehyde–fixed brains, Ono et al. found 
that the STS was continuous or had at least two interruptions on the 
right in 84% of hemispheres and on the left in 60% of hemispheres. The 

Variable Intra-observer Inter-observer
Disagrees (%) KAPPA P value Disagrees (%) KAPPA P value

T1 IR GRE - Right Side
References for the parietal region 16 (5.9) 0.41 <0.001 13 (4.8) 0.6 <0.001
Postcentral gyrus 0 (0) - - 0 (0) - -

0 (0) - - 0 (0) - -
Posterior ascending ramus/SMG 0 (0) - - 1 (3.3) - -

1 (3.3) - - 3 (10) 0.36 <0.001
Angular gyrus 8 (26.7) 0.47 <0.001 4 (13.3) 0.78 <0.001
Intraparietal sulcus 1 (3.3) - - 1 (3.3) 0.49 <0.001
Superior parietal lobe 2 (6.7) - - 0 (0) 1 <0.001
U-shaped connection  4 (13.3) - - 4 (13.3) - -
Thickness, PostCG<PreCG 0 (0) - - 0 (0) - -
T1 IR GRE - Left side
References for the parietal region 30 (11.1) 0.63 <0.001 29 (10.7) 0.69 <0.001
Postcentral gyrus 0 (0) - - 0 (0) - -
Postcentral sulcus 0 (0) - - 0 (0) - -
Posterior ascending ramus/SMG 0 (0) 1 <0.001 1 (3.3) 0.94 <0.001
Superior temporal sulcus 9 (30) 0.24*** 0.012 8 (26.7) 0.55 <0.001
Angular gyrus 15 (50) 0.33*** 0.001 9 (30) 0.59 <0.001
Intraparietal sulcus 0 (0) - - 0 (0) - -
Superior parietal lobe 2 (6.7) 0.58 <0.001 3 (10) 0.22*** 0.021
U-shaped connection  4 (13.3) 0.15*** 0.0734 8 (26.7) - -
Thickness, PostCG<PreCG 0 (0) - - 0 (0) - -
T1 GRE - Right Side
References for the parietal region 35 (13) 0.47 <0.001 31 (11.5) 0.73 <0.001
Postcentral gyrus 0 (0) - - 0 (0) - -
Postcentral sulcus 0 (0) - - 0 (0) - -
Posterior ascending ramus/SMG 2 (6.7) - - 3 (10) 0.36*** <0.001
Superior temporal sulcus 12 (40) 0.17** 0.057 5 (16.7) 0.64 <0.001
Angular gyrus 13 (43.3) 0.42 <0.001 4 (13.3) 0.82 <0.001
Intraparietal sulcus 0 (0) - - 0 (0) - -
Superior parietal lobe 4 (13.3) 0.15** 0.073 1 (3.3) 0.84 <0.001
U-shaped connection  4 (13.3) - - 7 (23.3) - -
Thickness, PostCG<PreCG 0 (0) - - 0 (0) - -
T1 GRE - Left Side
References for the parietal region 30 (11.1) 0.73 <0.001 30 (11.1) 0.73 <0.001
Postcentral gyrus 0 (0) - - 0 (0) - -
Postcentral sulcus 0 (0) - - 0 (0) - -
Posterior ascending ramus/SMG 0 (0) 1 <0.001 1 (3.3) 0.94 <0.001
Superior temporal sulcus 15 (50) 0.32*** 0.001 13 (43.3) 0.39*** <0.001
Angular gyrus 9 (30) 0.54 <0.001 8 (26.7) 0.56 <0.001
Intraparietal sulcus 0 (0) - - 0 (0) - -
Superior parietal lobe 2 (6.7) 0.64 <0.001 2 (6.7) 0.58 <0.001
U-shaped connection  4 (13.3) 0.15*** 0.0734 4 (13.3) 0.15*** 0.0734
Thickness, PostCG<PreCG 0 (0) - - 0 (0) - -

No*, poor**, and weak*** agreement.
Table 3: Agreement between techniques in intra- and inter-observer assessments in relation to the hemisphere.
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incidence of three or four interruptions was 16% on the right and 40% 
on the left [16]. Increase in the number of segments hindered the 
correct identification of this element. Therefore, a method such as T1 
IR GRE, which provides higher contrast between the gyri and sulci, was 
expected to be more precise in recognising the references [10]. 

Therefore, the findings from this study were consistent with the 
anatomical data. As for the MRI studies, studies by Naidich et al. 1995, 
1996, 1997 on this region did not mention any percentages for 
observation in relation to these references [12,17,18]. The angular 
gyrus AG on the right side was the second element to present differences 

Variable Agrees (not 
identified)

Agrees (Unclear) Agrees (easily 
identified)

Disagrees KAPPA P value

T1 GRE - Right Side            
References for the parietal 
region

0 (0) 11 (4.1) 242 (89.6) 17 (6.3) 0.53 <0.001

Postcentral gyrus 0 (0) 0 (0) 30 (100) 0 (0) - -
Postcentral sulcus 0 (0) 0 (0) 30 (100) 0 (0) - -
Posterior ascending ramus/
SMG

0 (0) 0 (0) 29 (96.7) 1 (3.3) 0.65 <0.001

Superior temporal sulcus 0 (0) 1 (3.3) 21 (70) 8 (26.7) 0.15** 0.060
Angular gyrus 0 (0) 7 (23.3) 17 (56.7) 6 (20) 0.57 <0.001
Intraparietal sulcus 0 (0) 0 (0) 30 (100) 0 (0) - -
Superior parietal lobe 0 (0) 1 (3.3) 27 (90) 2 (6.7) 0.47 0.001
U-shaped connection  0 (0) 2 (6.7) 28 (93.3) 0 (0) 1 <0.001
Thickness, PostCG<PreCG 0 (0) 0 (0) 30 (100) 0 (0) - -
T1 GRE - Left Side
References for the parietal 
region

0 (0) 33 (12.2) 219 (81.1) 18 (6.7) 0.75 <0.001

Postcentral gyrus 0 (0) 0 (0) 30 (100) 0 (0) - -
Postcentral sulcus 0 (0) 0 (0) 30 (100) 0 (0) - -
Posterior ascending ramus/
SMG

0 (0) 8 (26.7) 22 (73.3) 0 (0) 1 <0.001

Superior temporal sulcus 0 (0) 7 (23.3) 13 (43.3) 10 (33.3) 0.35*** 0.012
Angular gyrus 0 (0) 14 (46.7) 11 (36.7) 5 (16.7) 0.67 <0.001
Intraparietal sulcus 0 (0) 0 (0) 30 (100) 0 (0) - -
Superior parietal lobe 0 (0) 1 (3.3) 26 (86.7) 3 (10) 0.35*** 0.026
U-shaped connection  0 (0) 3 (10) 27 (90) 0 (0) 1 <0.001
Thickness, PostCG<PreCG 0 (0) 0 (0) 30 (100) 0 (0) - -

No*, poor**, and weak*** agreement
Table 4: Agreement between the T1 GRE and T1 IR GRE techniques in relation to the references in each hemisphere.

  IR - Easily Identified T1 - Easily Identified T1 vs. IR
  No Yes No Yes P value
Right Side
References for the parietal region 11 (4.1%) 259 (5.9%) 28 (10.4%) 242 (89.6%) 0.002
Postcentral gyrus 0 (0%) 30 (100%) 0 (0%) 30 (100%) ---
Postcentral sulcus 0 (0%) 30 (100%) 0 (0%) 30 (100%) ---
Posterior ascending ramus/SMG 0 (0%) 30 (100%) 1 (3.3%) 29 (96.7%) 1
Superior temporal sulcus 1 (3.3%) 29 (96.7%) 9 (30%) 21 (70%) 0.008
Angular gyrus 7 (23.3%) 23 (76.7%) 13 (43.3%) 17 (56.7%) 0.031
Intraparietal sulcus 0 (0%) 30 (100%) 0 (0%) 30 (100%) ---
Superior parietal lobe 1 (3.3%) 29 (96.7%) 3 (10%) 27 (90%) 0.5
U-shaped connection  0 (0%) 30 (100%) 0 (0%) 30 (100%) ---
Thickness, PostCG<PreCG 2 (6.7%) 28 (93.3%) 2 (6.7%) 28 (93.3%) 1
Left Side          
References for the parietal region 35 (13%) 235 (87%) 49 (18.1%) 221 (81.9%) <0.001
Postcentral gyrus 0 (0%) 30 (100%) 0 (0%) 30 (100%) ---
Postcentral sulcus 0 (0%) 30 (100%) 0 (0%) 30 (100%) ---
Posterior ascending ramus/SMG 8 (26.7%) 22 (73.3%) 8 (26.7%) 22 (73.3%) 1
Superior temporal sulcus 8 (26.7%) 22 (73.3%) 16 (53.3%) 14 (46.7%) 0.021
Angular gyrus 14(46.7%) 16 (53.3%) 19 (63.3%) 11 (36.7%) 0.062
Intraparietal sulcus 0 (0%) 30 (100%) 0 (0%) 30 (100%) ---
Superior parietal lobe 2 (6.7%) 28 (93.3%) 3 (10%) 27 (90%) 1
U-shaped connection  0 (0%) 30 (100%) 0 (0%) 30 (100%) ---
Thickness, PostCG<PreCG 3 (10%) 27 (90%) 3 (10%) 27 (90%) 1
p<0.05

Table 5: Performance comparison between T1 GRE and T1 IR GRE.
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between the two techniques, and was better viewed on the right using 
T1 IR GRE. In the description of the method used to locate the 
references, the angular gyrus was defined as a continuation of the distal 
portion of the STS, which can be single or bifid. Analysis of these 
assertions in relation to anatomic studies by Ono et al. demonstrated 
that the AG was continuous in relation to the STS in 84% of cases on 
the right, and 92% of cases on the left. When the reference is the 
continuity of the superior segment of the STS with a bifid aspect, results 
showed 16% on the right and 4% on the left. A new delimitation of the 
area corresponding to the AG was proposed by Seghier [19]: the AG 
may be a continuation of either the superior temporal gyrus or the 
middle temporal gyrus, and extends to the inferior parietal lobule with 
its middle border defined by the intraparietal sulcus. Its anterior border 
with the supramarginal gyrus was identified as the descending portion 
of Jensen’s intermediary sulcus [20], while its posterior border was 
defined by the dorsal part of the anterior occipital sulcus [21]. 
Assessment of performance between T1 GRE and T1 IR GRE showed a 
significant difference in the parietal region as a whole both on the right 
and left sides. The T1 IR GRE technique was superior on both sides. 
Classical descriptions in the literature in relation to the parietal lobe 
and current definitions of the parietal lobe can both be found in the 
studies by Ono et al. [2], Ebeling et al. [22], and Duvernoy [23]. 
However, these classical anatomical and topographical descriptions 
contain conflicting points when compared to the current literature. 
This is a result of three aspects: variability of the anatomic references, 
inconsistency among authors when naming the elements comprising 
this region, and divergence when naming same structure. As for the 
variability of the sulci that limit the parietal lobe PL, only the lateral 
fissure, the postcentral sulcus, and the intraparietal sulcus are primary. 
The other sulci are either secondary or tertiary and, as such, are not 
consistent in terms of appearance. The most constant elements in the 
parietal lobe are the postcentral sulcus, which establishes its anterior 
border, and the intraparietal sulcus, which divides the portion located 
behind the postcentral sulcus into the superior SPL and inferior parietal 
lobules IPL. The ascending portion of the posterior horizontal ramus 
PHR on the lateral fissure helps in locating the supramarginal gyrus, 
which was found around this reference [24]. Inconsistencies in the 
literature were found in the nomenclature for the sulci that delineate 
the parietal-temporal-occipital region, most notably in relation to the 
inferior parietal lobule IPL. Some atlases do not discuss its location at 
all [25,26], while others such as the ones by Ono et al. [27] and 
Duvernoy [28] attempt to detail this information. However, those 
atlases have contradicting reports and differ with regard to the 
nomenclature of some of the same references. In the study by Ono et 
al., the two caudal rami of the superior temporal sulcus CRSTS were 
referred to using three different terms: angular sulcus, anterior occipital 
sulcus, and an uncommon configuration comprised of two parallel 
rami. Likewise, Duvernoy called both CRSTS by three different names: 
ascending posterior segment, horizontal posterior segment, and lateral 
occipital sulcus. It is important to highlight the fact that although each 
used three different names, both authors considered the CRSTS to have 
only two segments. These divergences were demonstrated by comparing 
what Duvernoy called the ascending posterior segment to what Ono et 
al called the angular sulcus and the anterior occipital sulcus, or what 
Duvernoy called the horizontal posterior segment to what Ono et al. 
called the inferior temporal sulcus and the anterior occipital sulcus 
[29]. In this context, a new assessment of the references comprising this 
region is deemed necessary. In a recent re-examination of the sulci 
comprising the inferior parietal lobule, the existence of three distinct 
sulci was confirmed. They are related to the STS and ascend toward the 
IPL. The first ascending arm of the CRSTS was located immediately 

behind the ascending portion of the PHR on the lateral fissure. The 
second one was the central arm, located between the two rami and 
extending dorsally to the intraparietal sulcus IPS. The third arm was in 
a posterior position in the parietal-occipital junction, and could be 
shaped like a small sulcus interconnecting horizontally with the central 
arm or be an elongation of the ventral portion of the anterior occipital 
sulcus, which was named the temporal-occipital connection sulcus. It 
is functionally associated with visuospatial process mechanisms 
connected most notably with locomotion. There are two sulci which 
are correlated to the IPS and add to the sulci mentioned above, located 
in the IPL. They are the anterior intermediate parietal sulcus of Jensen, 
and the posterior intermediate parietal sulcus. The former is usually 
located in the posterior area of the ascending arm, while the latter is 
usually located in the posterior area of the middle arm [30]. In this 
context, there is an attempt to establish a standard for the elements 
comprising the parietal lobe in response to the lack of consensus as to 
which the most frequent morphology is, causing the location of the 
references to depend on the method used to define them and on the 
characteristics of the studied samples. 
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