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There was a satisfactory degree of agreement-good, very good or excellent
for most references evaluated both on intra-observer and inter-observer
analysis. The only exception was the left orbital part on intra -examiner
analysis in T1 IR GRE (Kappa test, p>0, 05). No differences were observed
between the findings regarding gender. When evaluating the performance
between sequences T1 GRE performed better in the independent
identification of the structures of the analyzed hemispheres (Kappa test
technique Jackniffe, p<0.05). The method proved to be reliable for identifying
the structures that make up the inferior frontal gyrus. There was no difference
between the morphological aspects related to brain hemisphere and gender.
Comparing the performance of the sequences, T1 GRE functioned better.
However, further studies are needed to confirm such findings.
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Introduction The topographical description of such structures that
] . ) form the IFG originates from classical neuroanatomical
Neuroanatomical studies are important as they  stdies in cadaver brains. Changes in morphology in

provide a detailed knowledge of specific brain areas  previously healthy individuals are described in the
(Yasargil et al., 1975). Determining the precise |iterature and are related to both language changes and
location of anatomical references helps knowledge its neuropsychological disorders (Robichon et al., 2000).
funtions as well as the interrelations that they may There is no standard pulse sequence recommended to
have (Yasargil et al., 1988). analyze the morphological aspects of the cerebral cortex
There is a current interest in the Inferior Frontal by Magnetic Resonance Imaging (MRI). Recently, both
Gyrus morphological aspects (IFG), as they represent a T1 Gradient-Echo (GRE T1) and T2 Gradient-Echo
region involved in speech processing and (Almairac et al., (GRE T2) are used for such purpose (Grossman, 1996).
2015) language. IFG is formed by the Orbital Portion Advances in MRI equipment allowed IR GRE to be
(OBP), Triangular Pars (TRP) and Opercular Pars feasible from the economic point of view and could be
(OPP). TRP is associated with semantic and synthesis incorporated in the pulse sequences used in routine tests.
functions, whereas OPP is responsible for the This technique provides an enhancement of the cortical
articulation of speech (Saur et al., 2008). grey matter and subcortical white matter, favoring the
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definition of the grooves (sulci) and cortical gyri limits
(Meyer et al., 1996).

Literature suggests the use of IR GRE T1 for
evaluation of the cortical morphology and recommends
its use in the analysis of cortical damage from Multiple
Sclerosis (MS) (Geurts et al., 2011). In addition, studies
using functional Magnetic Resonance Imaging (fMRI)
have demonstrated that there were morphological
changes associated with the studied brain hemisphere
and gender (Demb et al., 1995).

Therefore, a topographical study using Magnetic
Resonance Imaging (MRI) in healthy individuals can
assist the knowledge of both peculiarities and similarities
regarding IFG anatomy.

This study aimed to propose a topographic location
method of the structures that make up the IFG and
analyze the degree of confidence. The characteristics of
the anatomical references observed were compared to the
studied brain hemisphere and gender. Two pulse
sequences were chosen to describe the anatomy of GFlI
and its performance was later observed.

Materials and Methods
Sample Calculation and Characteristics

For the sample selection, we used a power test of
80% and moderate Kappa (kappa > 0.5) in order to test
the null hypothesis that there is no agreement between
the methods used to identify the structures of the brain
lateral surface. From these parameters, it was estimated
that the minimum sample would be -25 individuals
(Sim and Wright, 2005).

We selected 30 young adults in a non-probabilistic way
and by convenience, taking possible losses into account.

Images and Analysis Acquisition

The selected subjects performed a single skull MRI,
T1 GRE and T1 IR GRE images were used. The MRI
equipment used is a magneton SYMPHONY 15 T
(Siemens, Erlangen, Germany), with 12-channel coil,
gradient of 30 mT/m and a variation rate of 150 mT/m.
T1 GRE images were captured with a flip angle of 15°.
In the T1 IR GRE images, the reversal time was 350
milliseconds and the parameters of each sequence are
shown in Table 1.

The sequence protocols used were based on the
manufacturer's ~ recommendations  and literature
information (11).

The images were initially evaluated by an experienced
radiologist to determine their quality and delete possible
motion artifacts and pathological findings.

Data were recorded in Digital Imaging and
Communications in Medicine system (DICOM), with
subsequent images coding and anonymity of volunteers.
Next, the images were transferred to a Pro “notebook

MacBook 15 and Osirix MD® v.5.7.1 software 64 bits
(Pixmeo SARL, Bernex, Switzerland), which was used
to analyze the images of the middle of the orthogonal
reconstruction of MPR 2D resources.

T1 GRE and T1 IR GRE files formed 60 image
groups, in which the left and right hemispheres were
analyzed individually, with a total of 120 groups. Five
reviews of random sequences were generated to perform
repeatability and reproducibility tests. Each sequence by
means of cryptographic pseudo random number
developed by Alekcey Colione is available at
<Ale.inf.br/encoder>.

Identification of the Structures Forming the Inferior
Frontal Gyrus

From 2D images, the anatomy of the brain lateral
surface was qualitatively assessed in relation to the
identification of key anatomical structures.

A method for topographic location based on literature
data was developed (Naidich et al., 1995). The step by
step method was divided into five stages according to the
following description (Fig. 1):

Step 1: To determine the image of the Lateral Fissure (LF)
at its widest extension: Using the sagittal plane, we
seek to set the LF at its widest. To identify the
limits of the following references, FL image shift
may be necessary both laterally and medially to its
widest extension original plan.

Step 2: Location of the inferior frontal gyrus (IFG)-The
IFG is located superiorly to the LF at the
frontoparietal operculum and is partially
enclosed in its dorsal limit by Superior Frontal
Sulcus (SFS) and its ventral limit by the rostral
portion of the LF. The Horizontal Anterior
Branch (AHB) and Ascending Anterior Branch
(AAB) arise from LF in its infero-rostral-caudal
part dividing GFI in three parts: The opercular
part (OPP), the Triangular Portion (TRP) and
Orbital Part (OBP).

Step 3: The opercular portion (OPP)-in the sagittal plane
may have the shape of a single or double spin. Its
dorsal limit is the union of the distal inferior
frontal sulcus portion (SFI) with the ventral
branch of the lower end of the pre-central sulcus.
Its ventral limit is formed by the ascending
branch of the lateral horizontal fissure. It has as
cranial limit the RAA and as caudal limit the
lower end of the pre-central sulcus.

Step 4: The Triangular Part (TRP)-in the sagittal plane.
It forms an inverted triangle whose upper limit is
the lower front sulcus, which extends to the
average portion of the base of the triangle where,
a Triangular Sulcus (TS) or capitis notch are
sometimes found. The continuity of TS is the
Inferior Frontal Sulcus (IFS). The lower limit of
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TRP is the ascending branch of the lateral observed and it is called Diagonal Sulcus (DS).
fissure, while the Previous Horizontal Branch This groove/sulcus-when present-is found prior to
(AHB) is located rostrally and the ascending the ascending Sub-Central Sulcus (SSCA).
Anterior Branch (AB) is located caudally. The Step 5: The Orbital Part (OBP)-it has as dorsal limit the
location of these two references is essential for the Lateral Frontal-Marginal Sulcus (LFMS). On the
delimitation of the TRP. Sometimes the presence ventral portion of the OBP is the previous
of a groove in the rear portion of the TRP is ascending limb (CEQS) of the FL.

Fig. 1. lllustration of the above steps

Table 1. Specifications of MRI capturing parameters on both sequences (T1 GRE and T1 IR)

T1GRE T1IR GRE
Capturing Sagittal volumetric Gradient-echo Coronal volumetric
Matrix 256x256 256x256
Voxel Isotropic (1x1x1 mm) Isotropic (1x1x1 mm)
Parameters TR 1910 TR 400

TE 3.09 TE 373
FOV 256 mm 260 mm
Cutthickness 1 mm 1 mm
Interval between cuts Zero Zero
Flipangle 15° -
Inversion time - 350 milli sec

Table 2. Concordance standard with prevalence-adjusted and bias-adjusted Kappa, according to the criteria pointed out by Byrt et al.
(1993; Duvernoy, 1999)

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 lower Without concordance
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Reliability Analysis Method (Repeatability and
Reproducibility)

The anatomical references were classified as easily
identifiable (2), on a clear identification mode (1) and
unidentifiable (0).

The researcher (SMG) has made three observations
guided by the proposed method with a 10-day interval
each between each test of repeatability.

In order to confirm the reproducibility of the method,
two neurosurgeons have been invited. They received a
manual with instructions on how to use the proposed
method. The comparison between the evaluation of the
two neurosurgeons was added to the first investigator
assessment, resulting in a total of three to confirm the
reproducibility of the method.

The standards agreement was based on the classification
with prevalence and bias adjustment (Kappa) according to
the data presented in Table 2 (Byrt et al., 1993).

Statistical Analysis

The results obtained in this study were described as
absolute (N) and relative frequency percentage (P).

To demonstrate the results-method in relation to the
pulse sequences used (T1 GRE and T1 IR GRE), as well
as to the comparison of the right and left brain
hemispheres and gender. As for the display mode, the
anatomical structures that form GFI were divided into
two distinct classes, as observation:

The results were unclear about its identity were added
to those unidentifiable versus the easily identifiable

findings. Data analysis was performed using Fisher's exact
test, with p, 0,05 indicating statistical significance.

Kappa coefficient was used to analyze the correlation
between the three evaluations of the same researcher
(agreement) and between assessments of different
examiners (interobservers); p values <0.05 indicate
statistical significance. Data were analyzed using
computer software Stata v.13.1.

To verify the evaluation effectiveness T1 GRE versus
T1 IR GRE, Kappa indices were compared in different
structures of inferior frontal gyrus, with the Jackknife
technique in computer software 3.1 Epidat.

Results
Sample Characteristics

Thirty young adults (average age 25.3+7.04 years)
participated in this study, 16 women (53.3%) and 14 men
(46.7%). Six of the 16 women were left-handed (37.5%)
and the other 10 were right-handed (62.5%); seven of the
14 men (50%) were left-handed, while the other seven
(50%) were right-handed. They had no history of
neurological or psychiatric disorders. For manual dexterity
test, the Inventory Edinburgh Manual was used.

Method Reliability Analysis (Intra and Inter-
Examiner Reproducibility) to Determine the
Inferior Frontal Gyrus Structures

We observed the degree of intraobserver agreement
ranging from satisfactory, good, very good or excellent
for the right structures analyzed by the technique T1 IR
GRE (Table 4).

Table 3. Intra-observer concordance for featuring the brain lateral surface structures, according to the T1 IR GRE and T1 GRE

methods, on right and left sides

Intraobserver concordance

Concordance Concordance  Concordance
Variable non-identifiable unclear easily identifiable ~ Non-concordance KAPPA p value
T1 IR GRE-Right Side
Inferior frontal gyrus 0 (0) 1(3,3) 28 (93,3) 1(3,3) 0,79 <0,001
Orbital Part 0 (0) 4 (13,3) 23 (76,7) 3(10) 0,79 <0,001
Triangular Part 0 (0) 7(23,3) 22 (73,3) 1(3,3) 0,94 <0,001
Opercular Part 0 (0) 4 (13,3) 19 (63,3) 7(23,3) 0,59 <0,001
T1 IR GRE-Left Side
Inferior frontal gyrus 0 (0) 0(0) 28 (93,3) 2 (6,7) - -
Orbital part 0 (0) 0 (0) 28 (93,3) 2 (6,7) 0,31*** 0,002
Triangular part 0 (0) 2 (6,7) 26 (86,7) 2(6,7) 0,78 <0,001
Opercular part 0(0) 4(13,3) 23 (76,7) 3 (10) 0,78 <0,001
T1 IR GRE-Right Side
Inferior Frontal Gyrus 0 (0) 1(3,3) 28 (93,3) 1(3,3) 0,79 <0,001
Orbital Part 0 (0) 5 (16,7) 23 (76,7) 2 (6,7) 0,87 <0,001
Triangular Part 0 (0) 7(23,3) 22 (73,3) 1(3,3) 0,94 <0,001
Opercular Part 0(0) 6 (20) 20 (66,7) 4(13,3) 0,78 <0,001
T1 IR GRE-Left Side
Inferior Frontal Gyrus 0(0) 0(0) 28 (93,3) 2 (6,7) - -
Orbital Part 0 (0) 0 (0) 28 (93,3) 2 (6,7) - -
Triangular Part 0 (0) 2 (6,7) 26 (86,7) 2(6,7) 0,77 <0,001
Opercular Part 0(0) 4(13,3) 22 (73,3) 4(13,3) 0,72 <0,001

Concordance*, poor** and weak***
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Table 4.Inter-observer concordance for featuring the brain lateral surface structures, according to the T1 IR GRE and T1 GRE
methods, on right and left sides

Intraobserver concordance

Concordance Concordance  Concordance

Variable non-identifiable unclear easily identifiable ~ Non-concordance KAPPA p value
T1 IR GRE-Right Side
Inferior Frontal Gyrus 0(0) 0 (0) 28 (93,3) 2 (6,7) - -
Orbital Part 0(0) 5(16,7) 23(76,7) 2(6,7) 0,86 <0,001
Triangular Part 0(0) 7(23,3) 22 (73,3) 1(3,3) 0,94 <0,001
Opercular Part 0(0) 3(10) 23 (76,7) 4(13,3) 0,64 <0,001
T1 IR GRE-Left Side
Inferior Frontal Gyrus 0(0) 0 (0) 30 (100) 0 (0) - -
Orbital Part 0(0) 0 (0) 29 (96,7) 1(3,3) 0,49 <0,001
Triangular Part 0(0) 3(10) 26 (86,7) 1(3,3) 0,89 <0,001
Opercular Part 0(0) 3(10) 23 (76,7) 4 (13,3) 0,67 <0,001
T1 GRE-Right Side
Inferior Frontal Gyrus 0(0) 0 (0) 28 (93,3) 2 (6,7) - -
Orbital Part 0(0) 6 (20) 23(76,7) 1(3,3) 0,93 <0,001
Triangular Part 0(0) 8 (26,7) 22 (73,3) 0 (0) 1 <0,001
Opercular Part 0 (0) 3 (10) 21 (70) 6 (20) 0,52 <0,001
T1 GRE-Left Side
Inferior Frontal Gyrus 0 (0) 0 (0) 30 (100) 0(0) - -
Orbital Part 0 (0) 0 (0) 29 (96,7) 1(3,3) - -
Triangular Part 0 (0) 3 (10) 26 (86,7) 1(3,3) 0,49 <0,001
Opercular Part 0 (0) 4(13,3) 22 (73,3) 4 (13,3) 0,87 <0,001
p<0,05*
Table 5. Comparison between genders on the identification of inferior frontal gyrus structures
Gender

Variables Classification Female Male p
Right Side-T1 IR
Inferior frontal gyrus Unclear or non-identified 1(6,3) 1(7,1)

Easily identified 15 (93,8) 13 (92,9) 1
Orbital part Unclear or non-identified 3(18,8) 2(14,3)

Easily identified 13 (81,3) 12 (85,7) 1
Triangular part Unclear or non-identified 4 (25) 4 (28,6)

Easily identified 12 (75) 10 (71,4) 1
Opercular part Unclear or non-identified 3(18,8) 8 (57,1)

Easily identified 13 (81,3) 6 (42,9) 0,057
Left Side-T1 IR
Inferior frontal gyrus Unclear or non-identified 1(6,3) 1(7,1)

Easily identified 15 (93,8) 13 (92,9) 1
Orbital part Unclear or non-identified 0 (0) 1(7,1)

Easily identified 16 (100) 13 (92,9) 0,467
Triangular part Unclear or non-identified 1(6,3) 2(14,3)

Easily identified 15 (93,8) 12 (85,7) 0,586
Opercular part Unclear or non-identified 3(18,8) 3(21,4)

Easily identified 13 (81,3) 11 (78,6) 1
Right Side-T1
Inferior frontal gyrus Unclear or non-identified 1(6,3) 1(7,1)

Easily identified 15 (93,8) 13 (92,9) 1
Orbital part Unclear or non-identified 3(18,8) 3(21,4)

Easily identified 13 (81,3) 11 (78,6) 1
Triangular part Unclear or non-identified 4 (25) 4 (28,6)

Easily identified 12 (75) 10 (71,4) 1
Opercular part Unclear or non-identified 2 (12,5) 7 (50)

Easily identified 14 (87,5) 7 (50) 0,056
Left Side-T1
Inferior frontal gyrus Unclear or non-identified 1(6,3) 1(7,1)

Easily identified 15 (93,8) 13 (92,9) 1
Orbital part Unclear or non-identified 0 (0) 1(7,1)

Easily identified 16 (100) 13 (92,9) 0,467
Triangular part Unclear or non-identified 1(6,3) 2(14,3)

Easily identified 15 (93,8) 12 (85,7) 0,586
Opercular part Unclear or non-identified 3(18,8) 3(21,4)

Easily identified 13 (81,3) 11 (78,6) 1

p<0,05*
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Nevertheless, there was a satisfactory degree of
concordance, very good or excellent to the left side through
the T1 GRE method, except the left orbital (Table 3).

Regarding the right hemisphere structures identification
T1 GRE, there was a level of agreement ranging from
satisfactory to good, very good or excellent degree for all
analyzed structures. Moreover, the identification of the
references to the left hemisphere T1 GRE, the degree of
concordance was found satisfactory, good, very good or
excellent for the analysed structures (Table 3).

This study examined the degree of inter-observer
agreement ranging from satisfactory, good, very good and
excellent for the analyzed references analyzed in left and
right sides by T1 GRE and T1 IR GRE methods (Table 4).

Table 4- Inter-observer concordance for featuring the
brain lateral surface structures, according to the T1 IR
GRE and T1 GRE methods, on right and left sides.

Comparison between Genders of the Inferior

Frontal Gyrus Structures

There were no anatomo-topographic differences in
relation to gender in GFI (Table 5).

Comparison of Methods to Identify the Structures of
Inferior Frontal Gyrus

To check the effectiveness of T1 GRE against T1 IR
GRE, a comparison of Kappa concordance degree to
different GFI structures was performed. The Jackknife
technique was used and showed a better performance of
the T1 GRE technique to identify the morphology of GFI
structures, regardless of the hemisphere analyzed.

Discussion

The IFG is a complex structure, with morphological
variations that tend to follow specific patterns. The
anatomy atlases by MRI images show the structures that
comprise the IFG in details, but they do not indicate a
method to identify anatomical references (Duvernoy,
1999; Damasio, 2005).

There are variations of classic patterns described in
healthy subjects (Geschwind and Galaburda, 1985) and
some of these morphological changes are related to
language disorders (Leonard and Eckert, 2008).
Furthermore, cerebral asymmetry patterns may have
different symptoms according to the affected hemisphere
(Knaus et al., 2006).

Structural changes may be due to inaccurate
anatomical  descriptions.  Regarding IFG, these
differences may be explained by three reasons: difficulty
of defining its back-orbital limit; Discrepancies between
references that are used, such as back-orbital margin;
similar names assigned to different structures.

The back-orbital rim is formed by the pre-
triangular sulcus and by the lateral portion of the
frontal-marginal sulcus. They are tertiary sulci,

however they present a frequency that allows them to
be used as anatomical references (Petrides and
Pandya, 2012). The presence of these two sulci was
observed in 28% of left hemispheres in 12% of right
hemispheres (Ono et al., 1990).

In literature there are different names for the same
anatomical structure. This is the case of Frontal-
Marginal Sulcus (LPFMS), which is also called Lateral
Orbital Sulcus (LOS) (Duvernoy et al., 2013). Some
authors consider them as being a complex of the H-
shaped notches on the bottom surface of the frontal lobe
(Bailey and Bonin, 1951). However, there are other
reports that describe that the LPFMS is situated laterally
and dorsally to the LOS (Petrides and Sulci, 2012).

A flaw in the method described in this work is
related to the pattern of morphological changes used
as a reference. There are reports of topographical
changes in healthy individuals (Knaus et al., 2006)
and these may be related to language disorders
(Leonard and Eckert, 2008).

The combination of images obtained through
different sequences of MRI is one of the reasons for
neuroanatomical studies of brain surface (Li et al., 2013)
and for neurosurgical planning (Bai et al., 2015).

The T1 GRE technique proved superior in identifying
structures, regardless of the analyzed brain hemisphere,
of the sample investigated. The description of a reliable
method (repeatable and reproducible) can be useful to
practitioners involved in both the diagnosis and
treatment of diseases affecting this region.

Conclusion

This study demonstrated a reliable method in
analyzing the repeatability and reproducibility for both
T1 GRE and T1 IR GRE techniques.

There were no differences between the
neuroanatomical findings related to the studied brain
hemisphere and gender.

The technique T1 GRE presented better performance
compared to T1 IR GRE for location of structures that
make up IFG in this sample. However, further studies
are needed to confirm the results.
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