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ABSTRACT

This study primarily seeks to confirm two systenficlassifying the sulci of the frontal
operculum (F3): the radiologically derived system of Ebelieigal (1989) involvingour
Types of Sulcal Connections, and the anatomical classification of the anter&ni of the

lateral fissure, involvinghree patterns. Sulcal- and intersulcal- lengths are also comsitle

The sample consisted of 220 cadaveric hemisph&®spf which were whole brains
(control category); and 90 consisting of equal narmsbof separate right- and left-
hemispheres (case category). Specimens were dadriig examining relevant features of:
the lateral fissure; the postcentral sulcus; aedctmtral fissure. Features of the remaining
boundary sulci (precentral sulcus / sulci, and riofefrontal sulcus) of F3 were also
considered. The focus was on examining the: frequeof occurrence, shape, and
connections of the sulci of the F3. The sulci ofvikde designated aswjor sulci [anterior
ascending (AAR)- and anterior horizontal (AHR)- raemd stem of the anterior rami when
present); an@ccessory sulci (sulci of the —pars opercularis and —pars triaags). Sulcal
lengths were measured using thread, with needleanelors. Intersulcal lengths were
recorded as straight-line distances between phrgilles inserted into the sulci of the
frontoparietal operculum. Specimens fixed outsite ¢ranial cavity were excluded from

measurement. The reliability of the data was moedpby repeating the observations.

The two systems of classification were broadly coméd. The criteria for the Types of
Sulcal Connections were modified in view of thedfimgs on double precentral sulci and
the connections of the opercular sulcus (which ecuas either one or as two sulci). A
sulcus of the pars triangularis (which occurrecediser one, two, or as three sulci) was
found to be a useful landmark. The Chi-square west applied to the data in the two
systems of classification. There were no significarierhemispheric differences with
respect to the incidences of: Types 1-4 of Sulaair@ctions, or Patterns of the Anterior
Rami (7, Y, andVU). Sulcal lengths were similar to that reporteddmyo et al (1990). The

Student t-test was applied to sample sizes 18 hndea No significant interhemispheric

differences, in the lengths of the sulci that weossidered, were found. A significant

! The definition of the frontal operculum as the ifdefrontal gyrus only, is used for the purposes of
this study. The frontal operculum may also Herediated as F3.



difference was found in two instances when compatire case- and control- categories.

Intersulcal distances are reported on in the fleatad frontoparietal- operculum.
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1. INTRODUCTION

1.1 OPENING REMARKS

The discovery, in the nineteenth century, thatghéi order of mental function such as
speech, could be disturbed by the destruction wéicegyri in a particular hemisphere
(Foundas, Eure, Luevano, and Weinberger, 1998}plé¢ige following conclusions

(amongst others):

» That gyri were the repositories of higher ondeural function, and

» That there appeared to be an inter-hemispherimatry with respect to the
distribution of certain functiori&hese findings provided the impetus for an
ongoing field of research that seeks to exploresthéctural substrates of cortical
functioning, as well as the significance of thateralization to either the dominant left
cerebral hemisphere or the non-dominant right cesitbemisphereThe description and
measurement of fissures and sulci? (asin the present study) also forms a part of this body

of research.

Studies such as that of Ebeling, Steinmetz, Huand Kahn (1989) bring immediate
application, to the research on fissures and Syl@ointing to the value of using them as

landmarks, in order to localise important functicsi@as. Such localization contributes to

! Convolutions, see section 1.3 pg 9 as well as Figpd.3,and 1.4, pg 4
2 Furrows, see section 1.3, pages 9 and 10 for a tiefinas well as Figs 1.1, pg 3 and 1.4, pg 4



radiological diagnosis pre-operatively and aidéhmpreservation of key functional areas
during neurosurgery. Critical reference materighis regard is the knowledge of the
variations of significant sulci with respect to ithecation, connections, and to a lesser

extent their appearance.

Ebeling et al (1989) suggest a useful classificefgee section 1.8.1 from paragraph 2 on
page 23 to page 26, and Fig 1.9 on page 24) fordhations of the connections, of
significant sulci, in thenterior speech area. This functional area is located in tfrental
operculum® and isalso known as the inferior frontal gyrus or thedHtontal gyrus of the
human cerebral hemispheres. Their classificatidhese variations into the foliiypes of
Sulcal Connectione/as based on the connections ofekiernally visible portions of the

fissures and sulci associated with the antericecipare4

Thethrust of the current study is confirmatory and is based on the work of:

(a) Ebeling et al (1989), as regards the types of cctiores of fissures and sulci of the

frontal operculumk3), and

(b) Others, as regards the patterns of the anteriarahthe lateral fissure (anterior

ascending and anterior horizontal).

% also abbreviated as F3, see section 1.6 on pg t&gfpah 1), as well as Fig 1.5 on pg 14
4 also known as Broca’s area in the left cerebral hdmisp



CENTRAL FISSURE 1 PARIETAL LOBE FRONTAL LOBE

PREOCCIPITAL LATERAL (CEREBRAL) TEMPORAL LOBE
NOTCH FISSURE

Figure 1.1 Concepts of gyri, sulci and lobulation (gn tracings of the superolateral surface,
of the human right cerebral hemisphere). In diagramA, note that a gyrus may be found
between a sulcus and a fissure, or between a sulcus andulcus. In diagram B, note that the
central fissure, the lateral fissure, and the brokemreen lines, are used as lobar dividers. The
occipital lobe (1) is posterior. In both diagrams thepink lines highlight the sulci of the

frontal lobe, and the black lines the sulci of the ther lobes.

Figure 1.2 The primary and secondary areas of study. The selectedea in diagram A
outlines the frontal part of the superior operculum,which is the area under study (frontal
operculum). The extended selected area in diagram &itlines those areas examined for
orientation purposes.



CENTRAL FISSURE
PRECENTRAL SULCUS

POSTENTRAL SULCUS

AHR

UPTURNED END
OF LATERAL
suLcus 4

Figure 1.3 The sulci of the frontal and parietal Ibes relevant to the current study. [1. Superior
frontal sulcus 2. Intermediate frontal sulcus 3. Inérior frontal sulcus 4. Stem of the: anterior
ascending ramus- and the anterior horizontal ramusef the lateral fissure. Note that when the
stem is absent, the two rami of the lateral fissure (derior ascending = AAR and anterior
horizontal= AHR) arise separately from the lateral fissire].

paragyral cortex
crown of gyrus

sulcus

fundus of sulcus
parafundic cortex

Figure 1.4 Idealied gyri and sulci (in section).



The following is a list of:

(a) Fissures and sulci that are located in the frasparculum. Note that they are

closely associated with the neural elements ofdpee

i. Major sulci (see Fig 1.7 on pg 15):

. The anterior ascending- and anterior horizontalamieof the lateral

(cerebral) fissure; and the stem of the anterioceagling ramus-

and anterior horizontal ramus- of the lateral fisswhen it is

present).

ii. Accessory sulci (see Fig 1.12 on pg 43):

. The sulci of the -pars opercularis- and -pars tgaaris

iii. Fissures and Sulci that contribute to the boundarig¢he anterior speech

area (see Fig 1.3 on pg 4):

. The inferior part of the precentral sulcus (infarfarecentral sulcus,

the inferior frontal sulcus, and the lateral fissur

iv. Fissures that are used for orientation purposesKggel.1A on pg 3):

+ The central- and lateral- fissures



(b) Types of connections that are associated théHissures and sulci of the frontal

operculum, as described by Ebeling et al (198%) e 1.9 on pg 24:

. Type 1, Type 2, Type 3, and Type 4

(c) Patterns associated with the anterior rami of diteral fissure (see Figs 1.10 on
pg 35; and 1.11 on pg 38). Note that thegpast of the anterior rami, which are as

follows, are designated by letters of théhalpet:

. 7 pattern, Y pattern, and V-U pattern

1.2 SUMMARY OF THE AIMS AND OBJECTIVES

OF THE PRESENT STUDY (see Appendix J on page 396)

1.2.1 SHORT TERM AIMS AND OBJECTIVES
1.2.1.1 _THE BROAD QUESTIONS POSED HERE ARE:

In a South African sample,

* Is it possible to reproduce the systems of clasifin, of the fissures and sulci

in the frontal operculum, as reported inlttexature review?



* Isthere a difference between the right- and tfie derebral hemispheres, with

respect to the above systems of classificationyvdomsidering both:

. Descriptive data, and

. Quantitative data

1.2.1.2 _DESCRIPTIVE OBJECTIVES

(a) To describe the patterns and connections of tearés and sulci of the frontal
operculum, with a view to confirming or modifyiniget system of classification

introduced by:

» Ebeling et al (1989), as regards fhges of Sulcal Connectio(ia F3), and

» Others, as regards tRatterns of the Anterior Rami of the Lateral Fissur

(b) To compare the incidence of the:

* Types of Sulcal Connectiofeund in the right frontal operculum to that
found in the left frontal operculum, and
» Patterns of the Anterior Rami of the Lateral Fisstound in the right

frontal operculum to that found in the left frontgderculum.

(c) To report on the incidence of tRatterns of the Anterior ranwith respect to the

Types of Sulcal Connection,the frontal opercula, of the right- and leftreleral



hemispheres.

1.2.1.3 _QUANTITATIVE OBJECTIVES

(a) To report on the individual lengths, of the majamnd accessory- sulci in the frontal

operculum (see section 1.1 on pg 5).

(b) To illustrate the relationship, if any, between:

I. Sulcal lengthsand theTypes of Sulcal Connectiofia the frontal

operculum),

. Sulcal lengthsand thePatternsof the Anterior Rami of the Lateral

Fissure (in the frontal operculum).

(c) To report on intersulcal lengths in the:

» Inferior frontal gyrus

» Inferior part of the precentral gyrus

» Inferior part of the postcentral gyrus

(d) To explore and validate alternative methods foa @aiuisition, such as:

* Measurements from photographs,



» Measurements from pen tracings of the surfaceebthin, and

* Mechanical means of measuring (directly from thecapen).

1.2.2 _THE LONG TERM AIMS OF THIS STUDY ARE:

To contribute to the establishment of a databast@n

» Types of Connections of Sulci and Fissures
» Patterns of the Anterior Rami of the Lateral Fisswas well as
» Sulcal- and Intersulcal- Lengths the frontal opercula of the two cerebral

hemispheres.

1.3 GYRIAND SULCI ARE DEFINED RELATIVE
TO EACH OTHER

The cerebral cortex of the mammalian brain is attarssed by a species-specific pattern of
folding that ranges from almost smooth to a highrde of complexity (lde, Dolezal,
Fernandez, Labbe, Mandujano, Montes, Segura, Vaestfarmuch, and Aboitiz, 1999

and Welker, 1990). The irregular sinusoidal natfréhe folding of the cortex produces
irregular alternating convolutions and furrows. Toavolutions are termeglyri and the

furrowssulci or fissures(see Fig 1.1 on pg 3). Adjacent gyri abut closeiyeach other,



meeting in the depths of the sulci. The terms fissund sulcus although often used
synonymously, are not quite identical as indicdtgdVelker (1990). Fissures tend to arise
developmentally earlier than sulci and are genedseper and longer than sulci (Lemre,
Loeser, Leech, Ellsworth, and Alvord, 1975; WelKE390). The exceptions are the
callosal-, olfactory-, circular-, and cingulateiguwhich arise between the time of the

origin of the lateral fissure and that of the cahtissure (Chi, Dooling, and Gilles, 1977).

The two portions of a gyrus that are visible exélynare itscrown and itsparagyral

cortex (see Fig 1.4 on pg 4). The crown is a smetdhation that may be either flat or of
variable convexity. The irregular nature of gyrrédlected in the variable intersulcal
lengths or expansions, among crowns (see Fig 1@a¥). The crown is followed by the
curved paragyral cortex. The sulcal walls beginehe/o adjacent paragyral cortices
meet. It continues internally as the apposing sedaf adjacent gyri. These walls become
slightly concave as they approach the deepest extremilye &ulcus, which is referred to
as thefundus. The walls of the sulci and the parafundic cogiaee the concealed portions

of the gyri.The focus in the current study is on the externallyisible areas

Three levels of sulci have been described (Welke®0). Thadistinct sulci or fissures

have characteristic cytoarchitectural differense®(section 1.9 on pages 51 to 53)
between their crowns and fundi, and unless otheriwse stated, they shall be referred to
as sulci or fissures only. They may branch intdbntrami), give rise to spurs (notches), or
exhibit no particular additional feature. Timeipient sulcusis a slightly depressed cortical

zone. Adimple differs from the incipient sulcus only by beinggbtly deeper. The dimples

10



and the incipient sulci, unlike the vascular furspware classified as sulci because they also

demonstrate significant crown-fundic cytoarchiteatwifferences.

A gyrus consists of an outer cortex and an innetrakcore (see Fig 1.4 on pg 4). The
cortex consists of neuronal cell bodies and netapgs well as their dendrites and axons.
Nerve cell bodies, when observed under the liglstosicope, appear to be surrounded by a
mesh of the beginnings and endings of nerve fibrdg But, when viewed under the
electron microscope, this mesh (referred to by s@sé¢he neurophil) is seen to consist of:
a ‘conglomerate of the cell bodies of astrocytest the processes of neurons, only a few of
which are myelinated’ (Ham and Cormack, 1979). fieroglia, amongst which are the
astrocytes, hold the cell bodies and processeswbns in their ‘proper spatial
arrangement.” The central core or stalk of a ggassists of white matter, which contains

fibres that are both afferent- and efferent- todbdex.

The cortex may consist of up to six horizontallgmised layers, which are referred to as
laminae. The six-layered variety is the predomimaatcortex (isocortex). The layers are
termed Laminae | to VI (from superficial to deephe ‘functional unit’ of the cortex,
however is considered to be vertically disposedcarcolumns that extend radially
through all laminae. The cortical columns are mea$in the order of micrometres.
Neocortex in which the six layers are clearly apparare termed homotypical.
Heterotypical cortex occurs where there is a megrginsome of the six layers. Examples
of heterotypical cortex are the granular and thramagar types. The anterior speech area

consists of heterotypical granular cortex.

11



1.4 THE GENERAL ORGANISATION OF GYRI
AND SULCI IN THE SUPERO-LATERAL
ASPECT OF THE FRONTAL LOBE

‘Gyri are often arranged in groups or formationarde topographical regions of cortical
outgrowth containing several gyral groups are refeto as lobes’ (Welker, 1990). In the
human brain, the lobes have been designated aslfrparietal, occipital, temporal, and

limbic (see Fig 1.1B on pg 3).

The general shape and orientation of the gyralggan each of the lobes differ from each
other in a fairly predictable fashion. Therefotee supero-lateral surface of the frontal lobe

characteristically contains (see Fig 1.3 on pgdiig 1.6 on pg 14):

» One supero-inferiorly directed gyrus (precentralugy, that is more or less parallel

to the central sulcus, and

» Three antero-posteriorly directed gyri (superiamigdle-, and inferior- frontal) that

are more or less perpendicular to the precentraisyy

Theprecentral gyruss limited posteriorly by the central fissure aderiorly by the
precentral sulcus. Theuperior frontal gyrudies between the longitudinal fissure and the
superior frontal sulcus. Thaiddle frontal gyrugdies between the superior frontal sulcus

and the inferior frontal sulcus. It may containiatermediate frontal sulcug he inferior-

12



or third- frontal gyruslies between the inferior frontal sulcus supeyi@id the lateral
fissure inferiorly. The superior-, middle, and ine-, frontal gyri are limited posteriorly

by the precentral sulcus.

1.5 _THE CONCEPT OF OPERCULATION

During the foetal development of mammalian braswsne gyri develop at a slower rate
than others. The more rapidly developing gyri temdverlap the tardy ones. Portions of
the adjacent gyri that take part in an actual @apedre referred to as tbpercula of the

buried area.

In the human brain, the rapidly developing fronpalrietal, and temporal lobes overlap,
and consequently bury tlesula. This transforms the lateral fossa, which is arélsgion

that is located:

* Lateral to the insula,

» Inferior to the developing fronto-parietal lobeada

» Superior to the developing temporal lobe, intol#teral fissure. Those aspects of
the three lobes that abut on each other and ¢bgensula are referred to as the opercula
of the lateral fissure (see Fig 1.5 on pg 14). il broad opercula thus formed are

referred to as the superior- and the inferior- oplar. The superior

13



CF

PARIRTAL OPERCULUM
FRONTAL

OPERCULUM

BURIED
INSULA

TEMPORAL
OPERCULUM

Figure 1.5 The opercula of the lateral fissure. Nie that the blue dot is a pinhead that is resting on
the insula. The green arrowhead points to a side brai of the stem of the lateral fissure that
passes into the orbital gyrus . CF refers to the centtdissure.

SUPERIOR 2 1
FRONTAL '
SULCUS

: INFERIOR
FRONTAL

Q’_\ SULCUS
A B

Figure 1.6 Gyri of the frontal lobe. In Diagram B the gyri are: precentral (green), inferior
frontal (pink), middle frontal (yellow), superior fr ontal (purple). Diagram A is the key [the
precentral gyrus occurs primarily between the centrafissure (1), and the precentral sulcus (2);
the superior- and inferior frontal- sulci help separde the three horizontally disposed gyri from
each other; the lateral fissure (3) limits the inferio frontal gyrus inferiorly]. Note that the
postcentral sulcus (4) is in the parietal lobe.
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IFS IPRCS

A B

Figure 1.7 The major sulci of the frontal operculum Diagram A shows the separate pattern- of
the major sulci (anterior rami: anterior ascending ramus (AAR, red) and the anterior horizontal
ramus (AHR, green) arising separately from the laterafissure). Diagram B shows the Y pattern-
of the major sulci (anterior rami of the lateral fissure, the AAR and the AHR arising from a
common stem (blue). [Fissures: central (CF), lateral (E); Sulci: inferior frontal (IFS), inferior
precentral (IPRCS)]

IFS CF

A

Figure 1.8 The three components of the frontal opeulum. [Note that the labels for the fissures
and sulci in Fig 1.7 above, are applicable in Fig.8.] Diagram A shows the separate pattern- and
diagram B the Y pattern- of the anterior rami of the lateral fissure. Thepars opercularis
(between the inferior precentral sulcus (IPRCS) andhe anterior ascending ramus in diagram A;
and between the IPRCS and the AAR plus the commortegn, in diagram B is highlighted in

pink. The parstriangularis (between the AAR and the anterior horizontal ramugAHR) in both
diagrams, is highlighted in green. Thears orbitalis (antero-inferior to the AHR in diagram A
and antero-inferior to the AAR plus the common stemin diagram B, is highlighted in yellow.
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operculum has two components: the anteriorly lathtntal operculum, and the
posteriorly locategbarietal operculum. The inferior operculum is titemporal

operculum.

Longstanding interest in the opercula of the ldtiésaure relate to thgunctional
asymmetry’ associated with them, and tineorphological correlates,’ or structural
substrates, of such asymmetries (Rubens, 1977)ollbe/ing functional asymmetries are

well established:

» Portions of the left- rather than the right- frdrdperculum have been shown to be
associated with the motor aspects of speech, gthoat consistently so (Foundas

et al, 1998).

* The left- rather than the right- planum tempordléhe temporal operculum has

been linked to the comprehension of speech.

Gerchwind and Levitsky demonstrated conclusivel$968, the left over right asymmetry
for the planum temporale (Rubens, 19Adhough such proof has been sought for the
anterior (motor) speech area, the fndings have beamequivocal (Sherwood,

Broadfield, Holloway, Gannon, and Hof, 2003).
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1.6 THE ANATOMY OF THE FRONTAL
OPERCULUM

Ono, Kubik, and Abernathey (1990) define the frbotserculum as the inferior frontal
gyrus and also include the adjacent part of theriof precentral sulcus. But, the definition
of the frontal operculum as the inferior frontakgy only, is used for the purposes of this
study Rubens, 1977n Harnad, Doty, Goldstein, Jaynes, and Krauthhad®77) since it
provides a focus for the stated aims (see sect@oh pages 6 to 9). The frontal

operculum may also be abbreviated as F3.

The well-established boundaries of the inferionfed gyrus are:

» Posteriorly, the inferior precentral sulcus,

» Superiorly, the inferior frontal sulcus, and

* Inferiorly, the lateral fissure. The anterior boangof the third frontal gyrus is
generally left unstated. Albanese, Merlo, Albanesel Gomez (1989), in a quantitative

study, use the orbital sulcus as the anterior (@ertstral) boundary.

Two sulci that are anterior branches (rami) ofl#éteral fissure penetrate superiorly into
the frontal operculum. These rami may occur asrs¢paulci or they may be joined to
each other in a 'Y’ formation (see Fig 1.7 on pg. Mghen separate, the anterior-most of

the two rami is thanterior horizontal ramus (AHR), which as the name suggesénds
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to be more horizontally disposed. This is closeNofved by theanterior ascending
ramus (AAR), whichtendsto be more vertically disposed. When the two rareijoined
to each other, they arise from a comnstem of the AAR and AHR (which shall
hereafter, in this text, be referred to as the kt&his stem is, in turn, a branch of the
lateral fissure. These sulci are collectively refdrto as thenajor sulcj in the present
study. The two anterior rami of the lateral fisstetain their positions relative to each

other even when arising from a common stem.

When the anterior rami arise separately from tterdd fissure, they subdivide the third
frontal gyrus (see Fig 1.6 on pg 14) into threeadreegions, from posterior to anterior, as

follows:

» The pars opercularis (POP)which lies between: the inferior precentral sulcus,

posteriorly; and the anterior ascending ramus rembg (see Figs 1.7A and 1.8A on

pg 15).

» The pars triangularis (PTR), which lies between: the anterior ascending ramus,

posteriorly; and the anterior horizontal ramusesntly (see Figs 1.7A and 1.8A on

pg 15).

* The pars orbitalis (POR), which lies between: the anterior horizontal ramus

posteriorly; and an ill defined area at, or latévathe lateral-most placed branches

of the orbital sulcus (see Figs 1.7A and 1.8A oriby
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When the anterior rami of the lateral fissure afisen a common stem, they also subdivide

the third frontal gyrus into three components dieves:

» The pars opercularis (POP)which lies between: the inferior precentral sulcus,
posteriorly; and the anterior ascending ramusutioly the stem of the AAR and

AHR, anteriorly (see Figs 1.7B and 1.8B on pg 15).

» The pars triangularis (PTR), which lies between the anterior ascending ramus,
posteriorly; and the anterior horizontal ramusesntly (see Figs 1.7B and 1.8B on
pg 15). This implies that the inferior extent oé thars triangularis, in this situation,

occurs where the two anterior rami meet with tleensvf the AAR and AHR.

* The pars orbitalis (POR), which lies between the anterior horizontal ramus,
including the stem of the AAR and AHR, posteriodytd an ill defined area at, or
lateral to, the lateral-most placed branches obthéal sulcus (see Figs 1.7B and

1.8B on pg 15).

Other sulci of the frontal operculum include thegtnin its three parts (see Fig 1.12 on

pg 43) and in this text, are named according t@#re of the inferior frontal sulcus in

which they are found. Hence, there is (are) theusu{sulci) of the:

» pars opercularis (opercular sulcus/ sulci)

» pars triangularis (triangular sulcus/ sulci). Hoeevhe nomenclature of these sulci
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differs somewhat in the literature reviewed (sexigpe 1.8.3 on pages 41 to 45, on the
review of the opercular sulcus and section 1.8.pages 45 to 46, on the review of the
triangular sulcus). The triangular sulcus has breported to subdivide the pars triangularis
into the pars triangularis anterior and the pasmgularis posterior (Wada, Clarke, and
Hamm, 1975; and Falzi, Perrone, and Vignolo, 198 pattern of two sub-convolutions
separated by a minor sulcus has also been regdortéite pars opercularis (Tomaiuolo,
MacDonald, Caramanos, Posner, Chiavaras, Evanfendes, 1999). The minor sulcus
in the case of the pars opercularis is the sul€tiseopars opercularis (reported as the
diagonal sulcus in the literature). The sulci & gars - triangularis and - opercularis are

collectively referred to as treccessory sulgcin the present study.

The pars opercularis and pars triangularis occuglBann’s cytoarchitectonic areas 44

and 45 respectively (Broca’s area in the left hpimese).

1.7 THE JUSTIFICATION FOR THIS STUDY

Ono et al (1990) state that although primary fiesufor example the central fissure, are
constant enough to warrant their use in generahtation, secondary- and tertiary- sulci
are subject to ‘great individual variability.” Rbermore, it is proposed via the same study
that the extent of variability in fissures and sahay well be underestimated. While some

of this variability may appear to be more subtlntlothers, this still has particular
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significance in the cerebral cortex, where smaitshave implications for large numbers

of neurons and hence function.

Knowledge of the extent of inter-hemispheric antérirsubject variability as regards: types
of connections of sulci and fissures, patternsyof gnd sulci, as well as sulcal- and
intersulcal- lengths, in the general populationyldaonstitute important reference

material. Such information has:

» Application in radiology and neurosurgery wheratises and sulci are used as
landmarks in order to facilitate demismaking, especially with respect to

sensitive functional areas

* Relevance for those studying and diagnosing conpiaénologies associated with,

for example, epilepsy, schitzophrenia and dyslexia.

There is the potential that study of the developmidrasis of cortical folding together with
studies of: variation in cortical pattern; electngpiology; and lateralization, can
compliment each other in elucidating structure-tiorcrelationships. Information can be
accumulated on cortical patterns and lateralizatsnve await the development of more
sophisticated exploratory techniques as regardsldemental neurobiology and
electrophysiologyOno et al (1990) indicate that the greatest variabfy, in humans,
occurs in the frontal lobe and in the parieto-occigal regions. It is the intention of this

study to focus on the frontal operculum.
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1.8 LITERATURE SURVEY

18.1 THE REFERENCE STUDY FOR THE TYPES OF SWCAL
CONNECTIONS IN F3 (EBELING ET AL, 1989)

Pattern recognition and reference ranges are impotdols in the identification of
functional areas of the cerebral cortex, relatovgytri and sulci. This is especially so in the
frontal operculum where the speech area is immelgliatljacent to the premotor- and the
motor- areas. This relationship led to studies sgthat of Ebeling et al, in 1989 (see

section 1.1, from paragraph 2 on pg 1 to pg 2).

The central fissure is invariably used as a refiddhdmark for orientation purposes, in
studies such as that of Ebeling et al (1989), bezafiits consistent features. It is usually
identified as a single (uninterrupted) sulcus #&tlom has a connection with the lateral
fissure (see Fig 1.3 on pg 4). The relative stighitif the incidence of its connection with
the lateral fissure, as reported in the literatsir@ testament to this (reference range 5% -
19%, see Table 1.2 on pg 26). The primary motaiegas located anterior to the central

fissure.

The inferior part of the precentral sulcus separttie primary motor area (posterior to it),
from the premotor area (anterior to it). The majpeech area (Broca’s area in the left
hemisphere) is anterior to the premotor area. €ntufes of the precentral sulcus are,
however, not as reliable as that of the centrausulThis led Ebeling et al (1989) to search

for reliable landmarks for its identification. Thext two likely items as landmarks,
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anterior to the inferior precentral sulcus were: ithferior frontal sulcus, and the anterior
ascending ramus (of the lateral fissure). The areasediately related to these two sulci

were also included (see Fig 1.9 on pg 24).

The work of Ebeling et al (1989) was a combinedaiadical- and anatomical- study that
examined twenty healthy volunteers by MRI scanifimggnetic resonance imaging) and
sixty-two intact postmortem hemispheres. The airtheir exercise was to: ‘identify
characteristic relationships of the inferior pretcaisulcus to nearby sulci and gyri,” with a
view to determining whether or not unique sulcadiaarks for the identification of the
motor and the adjacent speech cortex could be nesrd) The extended region of interest
was the frontoparietal operculum, excluding thesmabitalis and the postcentral area. The
main focus was on the pars opercularis and thetpargularis. The categorization of the
hemispheres examined, involved their grouping fato types of sulcal connections (see
Fig 1.9 on pg 24). The criterion used for the tgpivas the incidence of particular
combinations of sulcal connections (see Table f&.fag26). The types of sulcal

connections are as follows:

TYPE 1 (see Fig 1.9B on pg 24)

. The anterior ascending ramus preceeds the inferementral sulcus;

. The inferior frontal sulcus has a connection wiitl inferior precentral
sulcus;

. The inconstant segments include the: anterior bota ramus, connection

of the inferior precentral sulcus wiitte lateral fissure, and connection of

the central fissure with the lateral fissure.
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B: Type 1 | | C: Type 2

L | D: Type 3 E: Type 4

Figure 1.9 The Types of Connections, as in Ebeling at (1989). The selected area (broken green
ellipse in Diagram A, has been expanded in Diagrams B; demonstrating the features each of the
four Types of Ebeling. [Fissures — Central (CF), Latal (LF); Sulci — Inferior precentral (IPRCS),
Inferior frontal (IFS), Anterior ascending- (AAR), Ant erior horizontal (AHR)- rami. Broken lines
indicate inconstant connections of fissures or sulci @n inconstant sulcus (AHR). Note that the
additional blue branch in Type 3 (diagram D) is probably the diagoal (opercular) sulcus.
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TYPE 2 (see Fig 1.9C on pg 24)

. The anterior ascending ramus preceeds the inferementral sulcus;
. There is no connection between the inferior froatdtus and the inferior
precentral sulcus;

. The inconstant sulcal segments occur as in Type 1.

TYPE 3 (see Fig 1.9D on pg 24)

. An additional branch from the inferior frontal sud; probably the diagonal
sulcus (referred to as the opercular sulcus iptheent study) descends
between the anterior ascending ramus and the anferecentral sulcus;

. The connection of the inferior frontal sulcus witle inferior precentral

sulcus is inconstant;

. The other inconstant sulcal segments occur as fpe Ty

TYPE 4 (see Fig 1.9E on pg 24)

. The anterior ascending ramus is absent.

. The other inconstant sulcal segments occur as fpe Ty
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The anterior ascending ramus was seen as the laysdar the subdivision of the third
frontal gyrus. Eberstaller (1890) and CunninghaB9@) were quoted in the definition of
the anterior ascending ramus. They reported ieagyldistinguished by its continuity with
the circular sulcus of the insula (which forms time of the insula). The anterior horizontal
ramus was then identified anterior to the anteagmending ramus and the diagonal

(opercular) sulcus posterior to it.

Table 1.1 The Incidence of Types of Sulcal Connections inE3eling et al, 1989).
Note that both Anatomical and Magnetic Resonanaginy (MRI) Studies were

conducted.
Type 1 Type 2 Type 3 Type 4
Anatomical Study 76% 11% 10% 3%
MRI 5Study 90% 5% 5% 0%

Table 1.2 The Incidence of the Presence of a Connection lestwree Central Fissure

and the Lateral Fissure.

HEMISPHERES STUDIED BY: INCIDENCE (%)
1. Cunningham (1892) 5

2. Lang and Betz (1981) 19

3. Ono et al (1990) —average of right and left rednlgs 16

4. Ebeling et al (1989) — anatomical study 15

5. Ebeling et al (1989) — MRI study 13

Reference range [including figures of Ebeling et 81989)] = 5% - 19%
(a difference of 14% between the maximum and minmnu

® Magnetic resonance imaging
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Table 1.3 The Incidence of the Presence of a Connection lestviree Inferior

Precentral Sulcus and the Lateral Fissure.

HEMISPHERES STUDIED BY: INCIDENCE (%)
1. Cunningham (1892) 15

2. Lang and Betz (1981) 42

3. Ono et al (1990) —average of right and left rednlgs 24

4. Ebeling et al (1989) — anatomical study 60

5. Ebeling et al (1989) — MRI study 80

Reference range [excluding figures of Ebeling et #1989)] = 15% - 42%

(a difference of 27% between the maximum and mimmnand 45 when including

Ebeling et al's (1989) anatomical study, and 65mineluding the MRI study.

Table 1.4 The Incidence of the Presence of a Connection leshee Inferior

Precentral Sulcus and the Inferior Frontal Sulcus.

HEMISPHERES STUDIED BY: INCIDENCE (%)
1. Eberstaller (1890) 76

2. Cunningham (1892) 67.4
3. Ono et al (1990) —average of right and left rednlgs 90

4. Ebeling et al (1989) — anatomical study 81

5. Ebeling et al (1989) — MRI study 90

Reference range [including figures of Ebeling et a1989)] = 67.4% - 90%
(a difference of 22.6%)
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The study of Ebeling et al (1989), did not firshificant asymmetries between the sulcus
patternsin theright and left hemispheres.’ Note that there is no indication in the article

whether, or not, a statistical comparison was cotetl

COMMENTS ON THE STUDY OF EBELING ET AL (1989) :

(a) In my judgement, the decision of Ebeling gt18i89) to investigate combinations of
sulci was an important contribution to pattexaognition in the frontal operculum,

because of the:

* Inconstant connection of the inferior precentrdtss with the lateral fissure (see
Table 1.3 on pg 27)

* Inconstant connection of the inferior precentrdtss with the inferior frontal
sulcus (see Table 1.4 on pg 27)

* Presence of two anterior rami of the lateral fisswhose relationship to each other
needs to be resolved, especially in situations &ftanight be difficult to establish
the continuity of the anterior ascending ramus wh#h circular sulcus.

» Presence of other sulci within the pars -opercsiland -triangularis, which may

complicate the process of pattern recognition.

(b) The basis of the system of classification detibby Ebeling et al (1989) was the
incidences of connection(s) and occurrences oéicekey sulci. In the absence of

another study on types of connections, there isea 'o compare the findings of
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Ebeling et al (1999) on these sulci with the repoftother researchers (on an

individual basis):

Regarding the main orientating sulcus (centraldigd and its
connection with the lateral fissuFgOm Table 1.2 on pg 26 it can be

seen that their results are within the range oéiotasearchers reviewed.

Regarding the inferior precentral sulcaad its connection with the
lateral fissure.From Table 1.3 on pg 27, it can be seen that theiilts
are much higher than the range of other researcbeisved. They
explain the higher incidence of their MRI studyogposed to their own
anatomical study as a consequence of the imagahgigue
overestimating connections (due to the presenggral bridges). It may
also be possible that the presence of the menamgehe blood vessels
in the MRI scanned group may mask, to a certaiargxthe lack of a
connection between the inferior precentral suleubthe lateral fissure.
Still, the high incidence of a connection betwd®ninhferior precentral

sulcus and the lateral fissure, in their own anatahstudy is unusual.

When the difference between the maximum and minirmaiences of,
the three connections [excluding the recordingShmdling et al (1989)
for the connection between the inferior precergtdt¢us and the lateral

sulcus] are compared, fairly consistant resultsoatained:
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+ A difference of 14% for a connection between thetrecg

fissure and lateral fissure

+ A difference of 27% for a connection between tHerior

precentral sulcus and the lateral fissure

+ A difference of 22.6% for a connection between the

inferior precentral sulcus and the inferimnital sulcus.

The implications for the study of Ebeling et el 889 are that, perhaps:
different criteria were used to establish whethenai a connection
existed between the inferior precentral sulcusthedateral fissure; or
that this was an artifact of the sampling technjquehat there may be a
relationship between incidence of certain connestand the
predominant language spokdie implication, for the present study,

is that a closer examination of the terminal portio of the inferior

precentral sulcus is in order.

Regarding the inferior precentral sulcaad its connection with the
inferior frontal sulcusFrom Table 1.4 on pg 27, it can be seen that their
results are within the range of other researcleigwed, rendering the
incidences of Type 1 and Type 2, in my view, mdeagible. The

primary defining feature of Type 1 and Type 2 isepted (the

connection- or lack of a connection- between tlierior precentral

sulcus and the inferior frontal sulcus respectiyely
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V. Regarding the additional branch in the pars opeacid. This sulcus is
used as a distinguishing feature of Type 3. Ebedingl (1989) state that
it descends from the inferior frontal sulcus angdrisbably the diagonal
sulcus, although it was not necessarily found tdibgonal in its course.
The sulcus of the pars opercularis has been rapelsewhere, but with
other connections (see section 1.8.3, on pages 49)tas wellThe
implication for the present study is that the sulcs of the pars

opercularis (diagonal sulcus) needs to be revieweohd reported on.

V. Regarding the absence of the anterior ascendingusaim Type 4This

ramus has been reported to be absent in the caftarts patterr? of

the anterior rami (see the section 1.8.2 on pagée 34). The incidence
of its absence, has been deduced from the stuldieat al (1999) to be
17.5% in the right hemisphere and 2.5% in theHefhisphere. An
incidence of 3% for Type 4 is, therefore, held ¢orbasonable. Ebeling
et al (1989) depict the anterior horizontal ramysrieans of a dashed
line in Type 4 (see Fig 1.9 on pg 24), indicatitgjinconstancy. Since
the anterior ascending- and anterior horizonta tzave not, in the
review thus far, been reported to be absent coaetlyr this represents a
new pattern for the anterior rariihe implication for the current

study is that the patterns of the anterior rami, am particularly the .7

pattern, needs to be closely examined.

® Patterns of the anterior of the lateral fissure améghated by letters of the alphabet
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(c) When depicting the fodiypes of Sulcal Connectigrisbeling et al (1989) use
only theVU patternof the anterior rami, of the lateral fissure, admention
is made of they patternFrom the review in section 1.8.2 (on pages 32 )0 40
it seems unlikely that thé patternwould not have been encountered in a study
of this sizeThe implication for the current study is that the incidences of
the patterns of the anterior rami, would need to beeported on relative to

each of the four types of sulcal connections.

1.8.2 REFERENCES FOR THE PATTERNS OF THE ANTHRIOR

RAMI OF THE LATERAL FISSURE
1.8.2.1 THE STUDIES OF CUNNINGHAM (1890 and 1892), EBERSTALLER
(1890) AND CONNOLLY (1950)

Rubens (1977) quotes Eberstaller (1890) on theiantami of the lateral fissure and the

frontal operculum. The anterior rami were groupgdadlows (see Fig 1.10 on pg 35):

» A single sulcus £ pattern)

» Two sulci, whose relationship to each other, ytaklfollowing patterns:

. Y pattern (conjoined anterior rami arising from a common stem)
. V pattern (separate anterior rami, but having the same diatigin

from the lateral fissure, and
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U pattern (completely independent anterior randihe incidence of
the four patterns is not quoted.
Eberstaller ascribes the variation in pattern ‘@iféerential downgrowth of the pars

triangularis into a single ramus’. T¥€pattern was therefore thought to be the simplest,

and theY - andV- patterns successive intermediates to the fibgbattern.

Bergmann, Afifi, and Miyauchi (2000) in the Virtudbspital, lllustrated Encyclopedia of
Human Anatomic Variation, quoted Cunningham (188®}he configurations of the
anterior rami of the lateral fissure. The pattevhthe rami as reported by Cunningham’s

study in 1890 were as follows (see Fig 1.10 onpg 3

* ‘I’ shaped (#"pattern), where the two rami were reduced to one (30%#g Jihgle

ramus could take the position of either ramus,eoinbermediate in position

* 'Y’ shaped ¥ pattern), where a common stem gave rise to both the anteri
ascending ramus and the anterior horizontal rai@2& (of hemispheres)

* ‘V'or'U shaped (VU pattern), where the anterior ascending ramus and the
anterior horizontal ramus joined the lateral figesseparately (37% of hemispheres)

* in the remaining 1%, there were more than two rami.

Rubens (1977) quoted Cunningham (1892) on the émciel of thes pattern. In a study of

forty- six right hemispheres and thirty- four lagmispheres, a single ramus was found in

41% of right hemispheres and 15% of left hemispheReibens (1977) uses the study of
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Connolly (1950), of sixty brains, in order to suppbe finding of a right over left

asymmetry for the7"pattern of Cunningham in 1892. Connolly (1950) reports the:

* Jpattern in 25% of right hemispheres and 3% of left hem&sph, and also

» ‘less significant’ inter-hemispheric differences theY pattern and thevU pattern

(note that no indication is given whether or nas thias statistically significant.

COMMENT : Although these early studies throw up the basicgtterns of the anterior
rami, they either don’t, or inadequately report on: inter-hemispheric comparisons;
the presence of sulci other than the major sulci;the connections of the fissures and

sulci of- the frontal operculum.

1.8.2.2 _THE STUDY OF IDE et al (1999)

The patterns of the anterior rami of the latersdidire have also been described more
recently. Ide et al (1999), in a study of 40 braisorted the following patterns (see Table

1.5 on pg 39 for the incidence of these pattermsyell as Fig 1.11B, C, and D on pg 38):

(a) a single anterior ramus was presemhis could be either the anterior ascending

ramus or the anterior horizontal ramus. Inrilggt hemisphere the:

» Anterior ascending ramus predominated in 27.5%aeés, and

* Anterior horizontal ramus predominated in 17.5%ades.
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Figure 1.10 Major patterns of the anterior rami ofthe lateral fissure as reported by Cunningham
(1890) Diagram A is the key diagram. Diagram B showthe ‘U’ pattern on the left and the ‘V’
pattern on the right. Diagram C shows the ‘Y’ patternon the left and the ¢ pattern on the right.
Note that the position occupied by the sole AAR (1¥iindicated by a solid line and that the broken
lines indicate: a possible intermediate position for th sole ramus (2), and a possible position for
the sole AHR (3). [Fissures — Central (CF), Lateral (E); Sulci — Inferior precentral (IPRCS),
Inferior frontal (IFS), Anterior ascending ramus (AAR), and Anterior horizontal ramus (AHR)].
Also note that the pattern of rami other than two & not demonstrated since the position of the

additional ramus is not indicated in the reference oBergmann et al (2000). These diagrams are
also adequate as a summary of the work of Eberstall¢f.890).
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In theleft hemispherethe:

» Anterior ascending ramus predominated in12.5% sésaand the

» Anterior horizontal ramus predominated in 2.5% adges.

(b) both the anterior ascending ramus and the antdnmnizontal ramus were present

and arose from a common stem, yielding a ‘Y’ shayatern.

(c)both the anterior rami were present and, were elyuaéll developed. In the study
cited above, Ide et al (1999) also found incredstketing in the left hemisphere as
opposed to the right. This is inferred from theadiszation patterns, where both the
anterior ascending ramus and the anterior horitoataus were better developed in
the left hemisphere. The study concludes thatiag possibly indicate increased
cortical surface on the left, and this was reldtethe lateralisation of the anterior

speech area in the left hemisphere.

CONCLUSIONS: The pattern of a single anterior ramus was moegliko be found in

the right hemisphere, and when this occurred, ititgdesramus was more likely to be the

anterior ascending ramus. This is similar to fipatternof Eberstaller (1890) and

Cunningham (1890). The pattern of a stem with Weednterior rami arising from it was
more likely to be found in the left hemisphere.dTisi similar to the¥ patternof Eberstaller
(1890) and Cunningham (1890). The most common npattas that of an equal

representation of both anterior rami, and this mase likely to be found in the left
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hemisphere. This is similar to tM&J patternsof Eberstaller (1890) and Cunningham

(1890).

COMMENT : The study of Ide et al (1999) confirms the findigs of the earlier studies

on patterns of the anterior rami, and the lateralistion of the #"pattern to the right

hemisphere. The pattern of more than two anterior ami was, however, not found.
This is not surprising since it was reported, by Caningham (1892) to be a rare
finding. Although the study of Ide (1999) reports a inter-hemispheric comparisons, it

does not consider other sulci- and sulcal connectie- within the frontal operculum.

1.8.2.3 _THE STUDY OF ONO et al (1990)

Ono et al (1990), in a study of twenty- five braieported on both the patterns- and the
lengths- of the following sulci: the anterior asderg ramus; the anterior horizontal ramus;
the stem (of the AHR and AAR); and the diagonakfoplar) sulcus. The following
patterns were observed for the anterior rami ofdteral fissure (see Table 1.5 on pg 39

for the incidence of the patterns, and Fig 1.11E@rd G, on pg 38):

(a) Only a single ramus, the anterior ascending ramues present

(b) A common trunk for the anterior rami was preserldyng a ‘Y’ shaped pattern

(c) Both the anterior ascending ramus and the antenimtizontal ramus were present,

but were separate from each other
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Figure 1.11 Patterns of the anterior rami of thedteral fissure as reported by Ide et al, in 1999, (dgaams
B, C, and D) and Ono et al, in 1990 (diagrams E, Bnd G). [The key diagram is diagram A. Fissures:
central (CF), lateral (LF); sulcus: inferior frontal (IFS), inferior precentral sulcus (IPRCS), anterior
ascending ramus (AAR). The selected area in diagram Was been expanded to demonstrate the patterns of
the anterior rami]. In diagrams B-D [patterns of Ide et al (1999)], Diatam B shows the#"pattern with the
sole ramus occupying the position of either the antesi ascending ramus (AAR — solid pink line) or the
anterior horizontal ramus (AHR — pink dashed line). Dagram C shows theY pattern pattern (rami arising
from a common stem), and Diagram D shows theé-U pattern (completely separate rami)ln diagrams E-G
[patterns of Ono et al (1990)], diagram E shows thg pattern, with the sole ramus occupying the position of
the anterior ascending ramus (AAR) only. Diagram F sha's theY pattern (rami arising from a common
stem), and diagram C shows th&-U pattern (completely separate rami).
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Table 1.5 The Incidence of Patterns of the Anterior Ramieggorted by Ide et al
in 1999 an@no et al in 199Qexpressed as percentages).
PATTERN INCIDHCE
RIGHT HEMISPHERE LEFT HEMISPHERE
(a) S pattern

Ide et al (1999) 45 15

Ono et al (1990) 8 16
(b) Y pattern

Ide et al (1999) 25 40

Ono et al (1990) 28 24
(c) V-U pattern

Ide et al (1999) 30 45

Ono et al (1990) 64 60

CONCLUSIONS: The pattern of a single anterior ramus was moeyliko be found in

the left hemisphere, and when this occurred, thglsiramus was always the anterior
ascending ramus. A Type 4 of Ebeling would haventeeeluded from this sample (as in
the MRI study of Ebeling et al in 1989, which wdsimilar size). This pattern, however,

is similar to thes patternof Eberstaller (1890), Cunningham (1890), andddal (1999).

The pattern of a stem with the two anterior rargiag from it was slightly more likely to
be found in the right hemisphere. This is simitatieY patternof Eberstaller (1890),
Cunningham (1890) and Ide et al (1999). The mostroon pattern was again that of two
separate anterior rami, and this was slightly nigedy to be found in the right
hemisphere. This is similar to tM&J patternsof Eberstaller (1890), Cunningham (1890)

and Ide et al (1999).
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COMMENTS : Again all patterns, except that of more than twaanterior rami, have

been reported. However, in contrast to the study dide (1999):

» the s pattern was more likely to be found in the left- rather tlan the right-

hemisphere

» theY-andVU- patternswere slightly more likely to be found in the right
rather than the left- hemisphere. When examining Thle 1.5 on pg 39, it
becomes apparent that a clear difference in incideres exists between the two

studies for the 7 pattern- and theVVU- pattern (in the right hemisphere). Since

the patterns themselves are highly conserved acrosssearchers, the
differences may perhaps be explained in terms of sgple size [the smaller
sample of Ono (1990) may have masked some of therids demonstrated by
the sample of Ide (1999)]. The implication for theurrent study is that it ought

to have a sample size greater than forty brains.

Although Ono (1990) reports in detail on the:

» Sulcus of the pars opercularis (diagonal sulcus)hé sulcus of the pars

triangularis is not mentioned, and the

» Connections of fissures and sulci, are not used tterive any system of

classification on the basis of their connections.
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1.8.3 REFERENCES FOR THE SULCI OF THE PARS
OPERCULARIS

Tomaiuolo et al (1999), quote studies (other tteairtown) on the diagonal sulcus [see Fig

1.12 (D, E, and F) on pg 43]:

(a) Eberstaller (1890) as well as Bailey and Bonin 195

» The diagonal sulcus was defined as a small sulatsaas present within the

pars opercularis. The incidence of its occurrenas mot stated.

* The connections of the diagonal sulcus were asvisi

* None, it was free in the pars opercularis,
» With the inferior frontal sulcus superiorly,
» With the inferior precentral sulcus posteriorlydan

» With the lateral fissure, inferiorly.

(b) Turner (1948)n contrast to Bailey and Bonin (1951) found tdmgonal sulcus to be
a regular feature of the human brain’, but thedegecy with which it was present was

not quoted.

(c) Galaburda (19803xamined the photographs of the 102 brains stugigdeschwind

and Levitsky (1968) and found the diagonal sulcuise present in 12.75% of right

hemispheres and 26.5% of left hemispheres.
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Galaburda (1980) describes four patterns for tagahal sulcus. These were:

* Presentin both hemispheres, in most cases,
* Present only in the left hemisphere, 27 cases,
* Present only in the right hemisphere, 13 cases, and

» Absent from both hemispheres

The diagonal sulcus was always shown as being cteohéo the anterior ascending ramus.
He, however, does not comment on its connectiotts ni@spect to other sulci. A concern
was expressed that it was not always possibldltiyden the manner of its joining to the
anterior ascending ramus, whether the diagonalism@s a branch into the pars

triangularis or into the pars opercularis.

Ono et al (1990) reported that the diagonal sulzars present in 64% of right hemispheres

and 28% of left hemispheres. Five connections Wsted (see Table 1.6 on pg 44).

Albanese et al (1989) also mention the diagonaiusulBut, they place it within the pars
triangularis, and use it to subdivide this portadrihe frontal operculum into the

‘triangularis caudalis’ and ‘triangularis rostrali®ther researchers such as Falzi et al (1982);
Galaburda (1980); and Wada et al (1975) also ssdcas in exactly this position but refer

to it differently (see section 1.8.4 on pages 48@pon the triangular sulcus).
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PARS TRIANGULARIS IPRCS

CF

IFS

LF

A PARS OPERCULARIS

D E F

Figure 1.12 Accessory sulci of the frontal operculum (highlightedn purple and blue). Diagram A is
the key diagram [Fissures: central (CF), lateral (LB; Sulci: inferior frontal (IFS), inferior precentra |
(IPRCS), anterior ascending ramus (AAR) is the red lingthe anterior horizontal ramus (AHR) is the
green line, stem (yellow); regions: pars opercularis between the IPRCS and the AAR, pars
triangularis — between the AAR and the AHR.Diagrams B and C show the triangular sulcus (in
purple) originating from the IFS, in the V-U pattern- and Y pattern- of the anterior rami, respectively.
Diagrams D, E, and F show the opercular (diagonal) sus. The solid blue lines indicate one possible
connection and the dashed line indicates an alternat possible connection. Note that any of these
connections, except that to the stem, can occur réiee to any pattern of the anterior rami. Diagram D
shows connections of the opercular sucus to the IFS onlyr between the IFS and LF. Diagram E shows
connections between the opercular sulcus and the AA& the stem. Diagram F shows connections of
the opercular sulcus to the LF or to the IPRCS.
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Table 1.6 Connections of the Diagonal Sulcus (Operculaciss)l as reported by

Ono et al (1990)

PERCENTAGE(%) INCIDENCE

CONNECTIONS OF THE RIGHT LEFT
DIAGONAL SULCUS WITH THE: | HEMISPHERE | HEMISPHERE
1 Posterior ramus of the lateral fissure 64 36
2 Anterior ascending ramus 0 24
3 Stem (of AAR and AHR) 0 4
4 Inferior Frontal Sulcus 4 24
5 Inferior Precentral Sulcus 0 4

Tomaiuolo et al (1999) in an vivo MRI study of the pars opercularis, reported the
incidence of the diagonal sulcus as 32% in thet hgimisphere and 34% in the left
hemisphere. It was stated that the sulcus wasdes@ibed in the maps of Brodmann
1908, 1909) and Economo & Koskinas (1925). Tomaiwblal (1999) also mention the

presence in the pars opercularis, of a ‘small diniplalmost all hemispheres.’

Amunts, Schleicher, Burgel, Mohlberg, Uylings, ahlles (1999) in a cytoarchitectonic
study, report the diagonal sulcus as being an stemn sulcus, occurring within the pars
opercularis. They further state that it could aithe located within Brodmann’s area 44 or

mark thehistological border between Brodmann’s areas 44 and 45.

" Note that it is possible for a sulcus to have mora tire connection.
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CONCLUSION: The incidence and connections of the sulcus op#ie opercularis

(diagonal sulcus) is variable.

COMMENTS : | agree with Tomaiuolo et al (1999) that a likelyexplanation for the
variability in the reporting on the sulcus of the mars opercularis could be the use of

different criteria for its identification. The impl ication for the present study is that:

* The primary criterion distinguishing the Type 3 of Ebeling (the presence of an
additional branch in the pars opercularis originating from the inferior frontal

sulcus) would need to be broadened to include other conngéens.

* There is also a need to examine when the ‘so calletiagonal sulcus, is actually

diagonal in nature.

1.8.4 REFERENCES FOR THE SULCI OF THE PARS
TRIANGULARIS

Galaburda (1980) refers to this sulcus as ithgsure du capand describes it as a branch

of the inferior frontal sulcus that descends i@ pars triangularis [see Fig 1.12 (B and C),
on pg 43]. Wada et al (1975) considered this trgargsulcus sufficiently constant to use

as an anterior landmark for planimetric measureroktite frontal operculum. Rubens
(1977) questions the reliability of using this sid@s such a landmark and quotes Wada et

al (1975) on the description of the triangular sslas: a deep branch that descends into the
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pars triangularis towards the lateral fissure, ftbermidpoint of the inferior sulcus. From
their description, Albanese et al (1989) also hsetitiangular sulcus as a marker in a

guantitative study, although they name it as tlagainal sulcus.

COMMENTS : There appears to be no record of the incidence dhe length of the
sulcus of the pars triangularis although it seemsothave been recognised as a very
useful landmark. The implication for the present stidy is that it is worthy of

exploration.

1.8.5 REFERENCES ON MEASUREMENTS IN THE FRONTAL
OPERCULUM

Ono et al (1990) report on: sulcal lengths withia frontal operculum, except for that of
the triangular sulcus (see Table 1.7 on pg 46);iatedsulcal lengths, at the level of the

lateral fissure, but not at the level considerethepresent study.

Table 1.7 Lengths of Sulci in the Frontal Operculum (On@letL990). All

measurements are in centimetres.

SULCUS MEAN LENGTH IN MEAN LENGTH IN
RIGHT HEMISPHERE LEFT HEMISPHERE
(RANGE) (RANGE)

1. AHR 1.5 (0.2-3.5) 1.4 (0.9-2.7)

2. AAR 1.6 (0.2-2.7) 1.8 (0.3-2.9)

3. Stem (of AHR and AAR) 0.8 (0.4-3.0) 0.9 (0.5-1.5)

4. Diagonal (Opercular) 1.9 (4.0-3.0) 1.7 (0.2-3.2)
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1.8.6 THE QUESTIONS POSED BY THE CURRENT STUY
RELATIVE TO THE LITERATURE SURVEY

(a) An analysis of the study of Ebeling et al (1P88s revealed the following shortfalls:

» The additional branch (probably the diagonal syldescribed in Type 3, which is
a key defining feature of this type of sulcahnections, is reported in the literature
to have several possible connections, and notamdy(to the inferior frontal
sulcus) as indicated.

» A potentially useful landmark (triangular sulcusdsamnot mentioned. Its position
relative to the anterior horizontal ramus, wherspre, could be helpful in assessing
the frontal operculum especially in a Type 4 sitwa{absence of the anterior
ascending ramus).

* Only two patterns of the anterior rartM-{J patternand./"pattern are depicted.

The literature review reveals that tHeatternis also a significant pattern.

* Ono el alin 1990, report the presence of a dopt#eentral sulcus. Ebeling et al
(1989) do not report this. Studies on the TypeGaifinections in the frontal
operculum, subsequent to the finding of Ono ell8BQ) on the existence of a
double precentral sulcus, would need to incorpdtageinformation into the

description of the Types of Sulcal Connectionsgessary.
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(b) The implication for the current study is thiag¢ escriptive objectives would need to

address the following questions:

(ii)

What are the sulci of the frontal operculum anchwihat frequency do they

occur, in both cerebral hemispheres?

What are the connections of the fissures and stiktie frontal operculum, in

both cerebral hemispheres?

(i) Is there a need to modify the key criteridistinguishing Type 3?

(iv)

(v)

(vi)

(vii)

Is the occurrence and location of the triangulézigiconsistent enough to be

used as a landmark?

Can the information in (a), (b), and (c) be usetkmicate the study of Ebeling

et al (1989), in its original form or in a modifiéokm?

What are the incidences of the patterns of therianteami relative to the Types

of Ebeling?

Is there an interhemispheric difference wiéispect to the incidences of the

Types of Connections as well as Patterns of therortRami?
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(c) Since reports on measurements in the fron@ateytum appear to be scanty, and
reference ranges of sulcal and intersulcal lengtasiseful tools, the following

guestions are posed:

() What are the mean lengths of the major and acoesstmi in the frontal
operculum, of both cerebral hemispheres (see settibon pg 5 and Fig 1.7 on

pg 15 and Fig 1.12 on pg 43)7?

(i)  What are the mean lengths of the major and acoessdmi, with respect to the:
» Types of Connections, and
» Patterns of Anterior Rami, in the frontal opercujumboth

cerebral hemispheres?

(i) What are the mean intersulcal lengths between the:

Major sulci of the frontal operculum, in both hispheres,

» Major- and accessory- sulci of the frontal operaulin both
hemispheres,

» Anterior ascending ramus and the inferior precesuldus,

» Inferior precentral sulcus and the central fissure,

Central fissure and the inferior postcentral sulatishe horizontal

level corresponding to the superior terminatiothef anterior ascending

ramus?
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(d) The following question is posed from the pahview of lateralization studies:

Is it possible to illustrate the relationshipany, between:

» Sulcal lengthand theTypes of Sulcal Connections in,F3

» Sulcal lengthand thePatternsof the Anterior Rami of the Lateral Fissure

by considering the following sulci (individuallyy both hemispheres:

®* Major sulci (thestem of the AAR and AHBtem), theanterior
ascending ramus of the lateral fiss(®\R), and theanterior horizontal

ramus(AHR) of the lateral fissure)?

® Accessory sulci (the triangular- and opercular- sulcus/ sulci)?

(e) In view of the difficulty in obtaining specimeifor anatomical studies on the brain, and
the time consuming nature of the process of measnt the following question is

posed: can alternative (less direct) methods odiisiog data, such as:

. Measurements from photographs,
. Measurements from pen tracings of the surfaceeobthin,
. And mechanical means of measuring, be used to measu

sulcal lengths accurately?
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1.9 FURTHER DEFINING FEATURES OF
GYRI AND SULCI

The cytoarchitecture of the cerebral cortex diffemsa local and a regional basis. The
regional differences have enabled the cortex tmapped into distinct histological fields.
One such map of the human cerebral cortex is tegigped by Brodmann (Greger and
Windhorst, 1996). Findings in basic science anticdil medicine have made it possible for
various functions to be integrated into these hagical maps. Some functional areas of the
cortex may lie within such histological fields.dases where different functional areas

arise from adjacent fields that differ histologlgakulci may serve as separators.

Local differences in cytoarchitecture are manifieshdividual gyral and sulcal complexes.
The histological structure of gyral crowns is sfgrintly different from that of the fundic
cortex, whilst that of sulcal and fissural wallsrisermediate between that of crown- and
fundic- cortex (Welker, 1990). The differences betw crown and fundic- cortex are

reflected as follows:

(a) Crown cortex is thicker than fundic cortex.

(b) The crown cortex is less dense in cell bodies tharfundic cortex. The mesh,
of neuronal processes and astrocytes (the neurspkilsection 1.3, paragraph
1 on pg 11) that occurs between the nerve celldspds more dense in crown
cortex than in fundic cortex. This is responsildethe spacing of the cell

bodies.
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(c) Although lamination is more distinct in crown cortdan in fundic cortex,
certain laminae tend to be better representedomiticortex than in fundic
cortex (see section 1.3, paragraph 2 on pg 11)inaerl and Il are thinner in
crown cortex than in fundic cortex but, laminaenda/I are thicker in crown

cortex than in fundic cortex.

(d) The myelinated afferent fibres to the crown cotend to be more vertical in
orientation than those to the fundic cortex. Thaféerents tend to branch

more profusely in crown- rather than in fundic-tear

(e) The junctional area between the grey and whiteen&nds to be more
diffuse in the crown whereas that of the fusm& sharpened by the presence

of a distinct bundle of ‘U’ shaped fibres.

In spite of the obvious differences listed abowgoarchitectural studies have not revealed
a clear and consistent relationship between funatiareas and fissurization.
Electrophysioloical studies of sensory cortices il receptive fields in different
mammalian species have however, pointed to a fumalicorrelate for the above structural
differences (Welker, 1990). More sensitive areathefskin have been discovered to
project to gyral crowns and less sensitive are&gridi. This raises the possibility that
fissurization, rather than simply being a passive penomenon, might well reflect the

underlying fibre connections and functional parceling of gyri.

A patrticular function need not necessarily residdiw the territory of a single gyrus and
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its associated sulcal cortex. Complex functions dina typically associated with the
cerebral cortex are generally composed of sub-fmmetor modalities of function, which
may be widely distributed in gyri (and the assaadasulcal cortices) in different parts of
the brain. They remain connected so as ensurdibdlisctioning. Fitzgerald, (1992)
summarises this structural-, functional-, and catinaal- relationship as follows: ‘gyral
and sulcal cortices appear to serve as ‘nodal gamtistributed networks of function, as

a consequence of their widespread connectionsailiggr areas of the brain.

1.10 A SYNOPSIS OF THE DEVELOPMENTAL
ANATOMY ASSOCIATED WITH GYRI AND
SULCI

Mammalian brains that have relatively fewer gyl aalci are referred to as lissencephalic
and those that have relatively many gyri are caijgeéncephalic. Variability in number

and size of gyri and sulci can also be observeldimvgpecies. In the human, aberrations of
development, giving rise to, for example, lissernadyp and microgyria, point to the
possibility that the morphology of gyri and sulcedinked to developmental processes.

In humans, cerebral convolutions and fissures ritadie appearance in the fifth foetal
month. The first fissures to appear (demarcatinyolutions), are termed, primary.
Examples include the central- and lateral- fissaewell as the precentral- and inferior
frontal- sulci. These are followed by the secondand tertiary- sulci, which ‘peculiar to

the human brain, are developments of the finakblaabnths’ (Arey, 1965). Tertiary sulci
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although most numerous, ‘become fully demarcatégl months after birth’ (Richman,

Stewart, and Hutchinson, et al., 1975).

Richman et al (1975) state that while primary amtbsdary convolutions are relatively
constant in their location, configuration, and tielaship to cortical cytoarchitectonic

fields, tertiary convolutionappear unpredictablein their form and anatomical relations.

Various models of cortical folding have been praabsarly studies focussed on the
constraints of non-deformable neighbouring striegwon the expanding cerebral
hemispheres or on intra-cortical factors such #sréntial growth. The more modern

studies focus on the formation of connections (eatiwity).

The period of gyrus and fissure formation coincidé the period of maximal increase in
volume of the cerebral cortex. Since the periodadf migration is essentially complete by
the fifth foetal month, the increased growth cdoddattributed to the processes of gyral
modelling and modification. Some factors implicatedyyrogenesis are (Welker, 1990):
neuronal differentiation and dendrogenesis; neuramantation; arrival, penetration,
fasciculation, and arborisation of afferent neur@ysmaptogenesis; glial proliferation;
modelling of the laminae; plasticity; rearrangemaintell adhesion molecules and related
membrane structures; as well as different timetalllaere also appears to be a relationship

between gyral- and skull- formation, although tléune of the link is unclear.
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Research findings have implicated the formationtanthg of fibre connection as key
factors in cortical folding. These findings areesigthened by observations from
developmental pathology. In the presence of thpusocallosum, the cingulate sulcus and
its branches separate the medial frontal gyrusiqasutral lobule, and precuneus superiorly
from the cingulate gyrus inferiorly. In congenigéddsence of the corpus callosum, this
pattern is replaced by sulci radiating from théasall sulcus towards the longitudinal
fissure (Ono, Kubik, and Abernathey, 1990; Lemmegser, Leech, Ellsworth, and Alvord,

1975).

The influence of the formations of connections ortical folding has been illustrated by
means of the enucleated monkey model (Rakic, 198Bay, Giroud, Berland, Killackey,
and Kennedy, 1996). Early removal of both eyeddeahorphological changes at the level
of the thalamus and the cortex. There was a makssgeof neurons in the inferior pulvinar
and the lateral geniculate nucleus and hence a&tiedun the thalamo-cortical projection.
Although the size of the occipito-temporal corterained the same, there was a reduction
in the size of the striate cortex that was accongublny an increase in cortical folding on
the lateral opercular surface. This amounted toifaia the border between Brodmann’s
areas 17 and 18. It may be inferred that the faonaif connections as well as the timing

of its onset is an important determinant of fisgation in the brainSulcal variation could

thus be a reflection of the underlying fibre connettons and the timing of its onset.

Van Essen (1997) in his ‘Tension- based theory afpinogenisis and compact wiring in

the central nervous system’ states that greatdimiglin large as opposed to small brains
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occurs because the cortical surface area increlag@®portionately with respect to brain
size. The spatial pattern of folding was linkedhe onset of connections between cortical
areas (‘cortico-cortical connectivity’). It is proged that tension in the white matter is the
primary driving force for cortical folding. Thiséry uses as support, the findings on the
elastic properties of neurities (axon like extensiproduced by neurons and neuronal cell
linesin vitro). It is also suggested via an analysis of theioglahip between folding and
fibre connections in the macaque model that: tloelyetion of neural circuitry that is
compact, requires the total lengths of axons amdiites to be kept at a minimum; and that

tension is a means of achieving this end.

Although the link between connectivity and cortit@ting is clear, a strict causal
relationship does not necessarily follow. A caseafgenetic basis for fissurization has

been opened up by recent findings that:

* ‘Two transverse boundaries of gene expression haga identified in the
cerebellar primodium which coincide roughly witlethositions of the two earliest
sulci or fissures’fason and Sotelo, 1997; Herrup and Kuemerle, 129®ogers,
Ciossek, Menzel, and Pasquale, 1999).

» Tyrosine kinase receptors with ephrins as the tigattaching them to cells (‘Eph
receptors) and ephrins may be the first moleculekemarcate individual cerebellar
lobules during development’ (Rogers et al, 1999).

» Mutations of the doublecortin gene account for agppnately twenty percent of the
cases of lissencephly in humans (Tanaka, Seerseog] Kulkarni, Tsai, and

Gleeson, 2004)
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If indeed, the development of fissurization, is e@ndirect genetic control, important
outstanding questions would relate to: the extéfitie control with respect to primary,
secondary, and tertiary fissures or sulci, andei&tionship to variation and cortical

functioning.
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2. MATERIALS AND METHODS

2.1 BROAD QUESTIONS POSED BY THE
PRESENT STUDY (RELATIVE TO THE

DESCRIPTIVE OBJECTIVES)

2.1.1 QUESTIONS RELATING TO THE FISSURES ANDSULCI
THAT WERE USED FOR ORIENTATION PURPOSES

(a) What are the incidences of the pertinent featufréiseofissures and sulci, used for
orientation purposes, in both cerebral hemisphieresngrouped data, in the
present study? These fissures and sulci are: titeatéissure, the upturned end of
the posterior ramus of the lateral fissure, andrfexior part of the postcentral
sulcus [see Fig 2.3 on pg 82; as well as sectidhg 2a) and 2.8.2 (b) on pages 87

and 89 respectively]. Note that:

* Ungrouped data refers to data on sulci prior to its classification

according to: the Types of Connections of Ebelingnd the Patterns of
the Anterior Rami of the Lateral Fissure.

» Grouped data refers to data on sulci that was classified accordg to: the
Types of Connections of Ebeling; and the Patternsf éhe Anterior Rami
of the Lateral Fissure

* Questions are not posed for the lateral fissuedf kst for its branches or

rami (anterior).
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(b) Are the incidences of the pertinent features ofotentating fissures and sulci [as
listed in sections 2.8.2 (a) and 2.8.2 (b) on p&Jeand 89 respectively], consistent

with the findings of previous studies reviewed tfar®

2.1.2 QUESTIONS RELATING TO SULCI THAT FORM T HE
BOUNDARIES OF THE FRONTAL OPERCULUM

(a) What are the incidences of the pertinent featorf the sulci forming the superior-
and posterior- boundaries of the frontal operculimioth cerebral hemispheres for
ungrouped data? These sulci are: the inferior &lasulcus and the inferior part of
the precentral sulcus, [see Figs 2.1 and 2.2 oa9é§ and 70 respectively; as well

as sections 2.8.2 (c) and 2.8.2 (d) on pages 9@&amespectively].

(b) Are the incidences of the pertinent featuree fhem listed in sections 2.8.2 (c) and
2.8.2 (d) on pages 90 and 91 respectively] ofweelioundary sulci mentioned in

section 2.1.2 (a), consistent with the findinggpiEvious researchers?

2.1.3 QUESTIONS RELATING TO THE SULCI THAT AR E
FOUND WITHIN THE FRONTAL OPERCULUM (FOR
UNGROUPED DATA)

(&) What are the incidences of the pertinent featuféseomajor- and accessory- sulci
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[see Fig 1.7 on pg 15 and Fig 1.12 on pg 43; abasetection 2.8.2 (e-h) on pages
93 to 96] in the frontal opercula of both cereltraiispheres, for ungrouped data?
The major sulci are the anterior rami and the stéthe anterior rami when

present. The accessory sulci are the opercularandcthe triangular sulci.

(b) Are the incidences of the features of the majod arcessory- sulci of the frontal
operculum that were listed in section 2.8.2 (e+hpages 93 to 96, consistent with

the findings of previous researchers, for ungrougted?

2.1.4 QUESTIONS RELATING TO THE SULCI THAT ARE
FOUND WITHIN THE FRONTAL OPERCULUM (FOR

GROUPED DATA)

(a) Can the information gathered on the fissures ata suthe frontal operculum be

used to replicate the studies of:

» Ebeling et al (1989), as regards the Types of Cctiones (see section 1.8.1
on pg 22 to 26; and Fig 1.9 on pg 24), and

» Others, as regards the Patterns of the AnterioriRarthe Lateral Fissure
(see section 1.8.2 on pages 32 to 40; and Figsch iy 35 and 1.11 on

pg 38), in their original forms, or in moaifl forms?
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(b) Is there a significant inter-hemispheric differemgth respect to the incidences of:

» Each of the four Types of Connections of Ebeling] a

* Each of the three Patterns of the Anterior RanthefLateral Fissure?

(c) What are the incidences of the Patterns of therfmt®ami (of the Lateral Fissure)

relative to the Types of Connections of Ebeling?

2.2 BROAD QUESTIONS POSED BY THE
PRESENT STUDY RELATIVE TO THE

QUANTITATIVE OBJECTIVES

2.2.1 QUESTIONS ASSOCIATED WITH THE MEASUREMENTS
OF UNGROUPED DATA

(a) What are the mean lengths of the individual magmid accessory- sulci of the
frontal opercula, in the right- and left cerebrahtispheres (see Fig 1.7 on pg 15

and Fig 1.12 on pg 43) for ungrouped data?

(b) Is there an inter-hemispheric difference (signffilci& possible) with respect to the
means of the lengths of the individual major- aodeasory- sulci of the frontal

opercula, for ungrouped data?
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(c) What are the mean intersulcal lengths, taken dethed the termination of the

2.2.2

(@)

(b)

anterior rami, within the fronto-parietal operculuior ungrouped data?

QUESTIONS ASSOCIATED WITH THE MEASUREMENTS

OF GROUPED DATA

What are the mean lengths of individual major- aodessory- sulci of the
frontal operculum, in each cerebral hemispheredéda grouped according to

the:

» Types of Connections of Ebeling,

+ Patterns of the Anterior Rami of the Lateral FigSur

Is there an inter-hemispheric difference (signifiicié possible) with respect to
the means of the lengths of the individual majoid accessory- sulci of the

frontal opercula, for data that are grouped acogyth the:

» Types of Connections of Ebeling

+ Patterns of the Anterior Rami of the Lateral Figsur
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2.2.3 THE QUESTION POSED BY THE PRESENT STUDYTHAT
IS ASSOCIATED WITH ALTERNATIVE METHODS FOR
ACQUIRING QUANTITATIVE DATA

Can other less direct methodghlen compared to that used by the present study and

described in section 2.9 on pages 97 to)LGich as:

o The use of photographic negatives,
° The use of printed photographs,

. The use of pen tracings of the external portionsubdi, and
. The use of mechanical means of acquiring datzttjréeom the brain, be

used to measure sulcal lengths accurately?

2.3 THE SAMPLE USED IN THE PRESENT

STUDY
2.3.1 _THE TYPE OF SPECIMENS IN PRESENT STUDY

Only human brains were considered for the predadys The target sample number was
set at two hundred cerebral hemispheres. This waeded (by twenty). The right- and the

left- hemispheres were equally represented inséamsple.
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The majority of the specimens in the sample (598g)mated from whole brain specimens,
in which the right- and the left- cerebral hemiggiseoriginated from the same individual.
The remainder of the specimens (41%) consistedcoflaction of separate right- and left-
hemispheres, in which the two hemispheres (inralbability) originated from different

individuals.

In order to avoid any possible bias in the repgrtifidata relative to the right- or the left-

cerebral hemisphere, the two categories of spednmetine sample were treated as follows:

» The category of whole brains, was designated asah&ol group, since a direct
comparison could be made between the rigtdeft- cerebral hemispheres of

each individual.

* The category of separate hemispheres was desigasitbdcase group since a
collection of right hemispheres, was being compawoeal collection of left

hemispheres.

2.3.2 THE EFFECT OF THE SAMPLE TYPE ON THE BROAD

QUESTIONS POSED BY THE PRESENT STUDY.

The questions listed in section 2.1 on pages ¥ tand section 2.2 pages 61 to 62, are still
posed. They are however, posed relative to the easkcontrol- categories as described in

section 2.3.1 above.
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2.3.3 THE SOURCE OF THE SPECIMENS AND THE EXCLUSION
CRITERIA

The brains were obtained from the departmentaéctitins of two sources: the School of
Anatomical Sciences, University of Witwatersraayl Gnd the Department of Anatomy,

Walter Sisulu Universityk), see table 2.1 below.

Table 2.1 Sample source and numbblote that: University of Witwatersrand and

Walter Sisulu University are designated by &nd ) respectively.

SOURCE WHOLE SEPARATE SEPARATE TOTAL
BRAINS LEFT RIGHT NUMBER OF
HEMISPHERES HEMISPHERES HEMISPHERES
a 55 45 31 186
b 10 - 14 34
(a+b) 65 45 45 220

Unfortunately information relating to language, agied gender was not available for these
specimens, from either institution. The collectairthe Department of Human Biology,
Durban Institute of Technology was explored intilope of obtaining such information. A
sufficiently representative sample number (frons tioup of specimens) for the specific
criteria sought was not forthcoming eithee¢ Appendix A on pages 265 to)2@éme
constraints made further information gatheringhis tlirection unfeasible. Consequently,

this set of specimens, and the aims associatedt@th were not pursued.
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The two hundred and twenty hemispheres proces#edtéetwo new categories:

* Those that were preserved by fixatiaesitu, and

» Those that were removed at postmortem and pressegatately in fixative.

It was noted that the postmortem set of brains éxedrat the University of
Witwatersrand, appeared to be visibly larger thesé preserveia situ, (the observations
were made by inspection and not through measurgniér postmortem brains, on initial
immersion in preservative, absorb fluid, and expasibly (personal communication with
F Ladner, June 2002, senior technician in the Depat of Anatomical Sciences,
Witwatersrand University). The postmortem set afcsmens examined at the University
of Transkei and at the Durban Institute of Techgglalso appeared visibly larger than
theirin situ counterparts. This appears to point to a mechbeifect rather than to the type

of fixative used, or to the technique used in fixthe brains.

The brains fixedn situ, are constrained by the skull, and therefore caexpand to any
significant extent. The postmortem brains, on ttheohand are not constrained by the
skull and appear to accumulate extra fluid in titercellular space, thus enlarging the size
of gyri. The texture of the postmortem brains gadofter than that of tham situ
counterparts. The expansion criterion was not egleto the descriptive study as the sulcal
patterns and connections appeared undistoftesl postmortem set was, however,
excluded from the quantitative study.Thisimplied that a part of the University of

Witwatersrand sample and the entire contributiomfthe Walter Sisulu University could
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not be measured. The need for the calculationstirimkage-constant was, therefore, also
eliminated. Seéppendix D(pg 312 - 313) for the record of which specimemseaused in

the quantitative study.

Since all the specimens appeared normal, all warepded into the sample. In some cases,
the specimens were damaged, which rendered theaitaivle for measurement. The
appearance of the damage suggested that it mightleen the result of cuts sustained
during the extraction of these brains from the ialaravity, or due to over-handling of the

specimens (see Fig 1.5 on pg 14).

24 ETHICS CLEARANCE

The committee for Research on Human Subjects (Médidniversity of Witwatersrand,
has waived ethics clearance as, the activitiesiniths study are covered by the Human
Tissue Act, No. 65, of 1983. See Appendix B on 6@,2or a copy of the letter of the

waiver.
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2.5 _THE PRE-RECORDING PHASE

Each specimen was tagged with a strip of plastima tape (see Figure 1.5 on pg 14).

The initials of the author as well as the specimember, were attached to either the

basilar artery or to the hemisphere itself (whenlihsilar artery was absent). The meninges
and the blood vessels were then carefully remok@d the entire hemispheric surfaces in
order to expose the gyri and sulci clearly. Thetrefissure was located in each
hemisphere and an office pin was inserted intgtieeentral gyrus, as an aid to subsequent
speedy orientation. The specimens were then stonegmerical order in labelled tanks so

as to ensure easy access to them.

2.6 THE BOUNDARIES OF THE FRONTAL
OPERCULUM AS USED IN THE PRESENT
STUDY

(a) THE SUPERIOR BOUNDARY OF THE FRONTAL OPERCULUM

The inferior frontal sulcus contributes te superior boundary of the frontal
operculum. This sulcus has been reported fodoeiently discontinuous or interrupted
(see Table 2.2 on pg 71). The presence of a caonexftthe posterior end of the
inferior frontal sulcus to the inferior part of tpeecentral sulcus has also been found to

be inconstant in occurrence (see Table 1.4 on pg 27

68



INFERIOR INFERIOR CENTRAL
FRONTAL PRECENTRAL FISSURE
SULCUS SULCUS

sEmEn,
«® "o
.

LF

LT sEEEEEEy
PR L gy an gy
. L ey ,

Figure 2.1 Boundaries of the inferior frontal gyrusin the presence of a single precentral sulcus.
Note that: the green dashed lines complete the extel boundaries frontal operculum , and the
red dashed lines complete the intra-opercular boundaes of the frontal operculum. In Diagram
A (separate anterior rami), the inferior boundary, is formed by the stem of the lateral fissure
(LF), the LF between the anterior ascending rams (AARand the anterior horizontal ramus
(AHR), and by the initial part of the posterior ramus of the LF. In Diagram B (anterior rami
arising from a common stem of the AAR and AHR), the iferior boundary is formed by the stem
of the LF and the initial part of the posterior ramus of the LF. The areas selected by the dashed
black lines are expanded in diagrams C to F. DiagrasmCand D depict the pars triangularis for
the VU- and Y-patterns respectively, in the presencef a single precentral sulcus. Diagrams
Eand F depict the pars opercularis for the VU- and Ypatterns respectively, in the presence of a
single precentral sulcus.
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Figure 2.2 Boundaries of the frontal operculum inhe presence of two precentral sulci. Note
that: the green dashed lines complete the external bodaries of the frontal operculum , and the

red dashed lines complete the intra-opercular boundags of the frontal operculum. Also, the
posterior boundary of the frontal operculum, is formed by the inferior part of the anterior

precentral sulcus (inferior precentral sulcus anteriod, which is the blue sulcus; all other labels as
in Fig 2.1, pg 69. The black sulcus immediately pastor to it is the inferior part of the posterior
precentral sulcus (precentral sulcus posterior). The aas selected by the dashed black lines are
expanded in diagrams C to F. Diagrams Cand D depiche pars triangularis for the VU- and Y-
patterns respectively, in the presence of a doublegrentral sulcus. Diagrams Eand F depict the
pars opercularis for the VU- and Y-patterns respectiely, in the presence of a double precentral

sulcus.
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Amunts, Schleicher, Burgel, Mohlberg, Uylings, &illles (1999), in a cyto-architectural
study, found that the position of the histologisaperior border of the pars opercularis and
pars triangularis was variable with respect tovietral and dorsal bank of the inferior
frontal sulcus, but that this superior border neeached the free surface of the middle
frontal gyrus.In view of these findings, imaginary lines joininghe segment(s) of the
inferior frontal sulcus to each other and to the irfierior precentral sulcus, along the
natural lie of the inferior frontal sulcus, was taken as the superior border of the

frontal operculum, when the inferior frontal sulcus was of the interrupted type and/

or unconnected to the inferior precentral sulcugsee Fig 2.1 and 2.2 on pages 69 and

70).

Table 2.2 The Patterns of the Inferior Frontal Sulcus (O1@090)

PATTERN RIGHT HEMISPHERE LEFT HEMISPHERE
(rate of occurance in %) | (rate of occurance in %)

1. Continuous 56 40

2. Two segments 32 32

3. Three segments 8 28

4. Four segments 4 0

(b) THE POSTERIOR BOUNDARY OF THE FRONTAL OPERCULUM

The precentral sulcus as a whole may be presiher as a single sulcus or as a
duplicated sulcus (see Fig 2.1 and Fig 2.2 on p&gesd 70 respectively). The single

precentral sulcus is often discontinuous (see B pg 4), with the two-segment
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form predominating. Ono et al (1990) report the-segment form in 48% of right
hemispheres and in 64% of left hemispheres. Treyfalund the incidence of the
double precentral sulcus to be 4% in each hemispl@rch of the double precentral
sulci may be present as either continuous sulasanterrupted sulci (the incidence of

this feature is not reported.

The findings of Amunts et al in 1999 (usingabserver independent method of
differentiating cytoarchitectonic areas), was ugelelp in resolving the status of the
additional precentral sulcus. They report thatghes opercularis contained dysgranular
cortex (laminae Ill and V tend to invade laminatb/a variable exent) in contrast to the
premotor cortex, which was agranular. From thedoneg findings, it was assumed, in
the present study, that this additional sulcus jglayly marks off the premotor area

from the pars opercularis anteriorly (see Fig 2@ 70). The additional gyrus
between the precentral sulcus anterior and theeptead sulcus posterior was taken to
be the premotor area. The posterior border of e ppercularis (see Fig 2.1 on pg 69

and Fig 2.2, on pg 70) was therefore, taken tmbméd by either:

. The inferior part of the single continuous (unintgted) precentral sulcus
or by the inferior part (segment) of the interrupsengle precentral sulcus.
. The inferior part, of the anterior-most, of the tpi@central sulci, in the

presence of a double precentralusufeshether or not it is interrupted).
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The presence of a connection between thdesprgcentral sulcus and the lateral fissure
was found to be an inconstant (see Table 1.3 d7pgccurrence. Incidences for this
relationship, in the case of double precentralisulere not quoted in the literature
surveyedWhen a connection between the inferior precentralidcus (or the

inferior precentral sulcus anterior), and the lateral fissure was lacking, the

posterior border of the frontal operculum was compéted by means of an

imaginary line joining the termination of the precentral sulcus (or the inferior
precentral sulcus anterior) to the lateral fissurealong the lie of the inferior part of
the precentral sulcus (or the inferior precentral silcus anterior). See Fig 2.1 and

Fig 2.2 on pages 69 and 70 respectively.

The decision to close the posterior bordehefpars opercularis in the fashion
mentioned above, rather than by use of the antsulocentral sulcus as in the study of
Foundas et al (1998) was again based on the infmmgleaned from the
cytoachitectural study of Amunts et al (1999) meméid above. Since the anterior
subcentral sulcus, when it is present, lies betweemprecentral sulcus and the central
sulcus, it is related to either premotor or mototex. Use of it as a border would

therefore erroneously enlarge the size of the ppescularis.

(c) THE VENTROROSTRAL BOUNDARY OF THE FRONTAL OPERC ULUM

The ventrorostral boundary tends to be eitimeeported or inadequately reported.

Greys Anatomy (37 edition, 1989) simply states that the pars orisibntinues round
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the superciliary margin onto the orbital surfacao@t al (1990) stated that, in their

sample studied:

. A side branch of the stem of the lateral fissureicl passed into the orbital
gyrus, marked the end of the pars orbitalis, whevas present (see the
fissure marked by the green arrowhead in Fig 1.pgpfh4),

. This side branch was found to be present in 56&asés in the right
hemisphere and 52% of cases in the left hemisphere,

. This side branch was found to be medial to theddride pars orbitalis, in
0% of cases in the right hemisphere and 8% of dagée left hemisphere.
But, the border of the pars orbitalis when the &idanch marker was either
absent, or very medial in position, was not statethe present study,

part of the ventro-rostral border of the parsorbitalis was taken, provisionally, to
be the above side branch of the lateral fissure what was present, or the lateral-

most branch of the orbital sulcus, when the side lanch was absent.

Since neither the side branch of the laterdissure nor the lateral-most branch of
the orbital sulcus have connections with the infear frontal sulcus, a line joining
these sulci to the inferior frontal sulcus (see Fig.1 and Fig 2.2 on pages 69 and 70
respectively) was used to complete the ventrorostraoundary of the frontal

operculum, and hence that of the pars orbitalis
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(d) THE INFERIOR BOUNDARY OF THE FRONTAL OPERCULUM

The lateral fissure separates the frontal-tae parietal- lobes from the temporal lobe
(see Fig 1.1 on pg 3). Its initial portion, therstef the lateral fissure lies mainly on the
inferior surface of the brain. The medial end @& ghem is marked by ‘a line drawn
between the lateral olfactory striae and the anilggrus’ (limen insulae), Ono et al

(1990). The lateral end of the stem of the latBsalire may end at the origin of the:

. Anterior horizontal ramus, when it occurs as a ss#pabranch of the lateral
fissure, or
. Stem of the anterior horizontal ramus and the artascending ramus,

when the anterior rami are joined, or

. Anterior ascending ramus when the anterior horelasimus is absent.

The lateral portion of the stem of the lateral fissre forms the inferior boundary of
the pars orbitalis. When the anterior rami are preent separately, the portion of
the lateral fissure between the anterior ascendingamus and the anterior
horizontal ramus marks the inferior boundary of the pars triangularis. When the
anterior rami are joined to a stem, the conjoined aterior rami mark the inferior
boundary of the pars triangularis [see Fig 2.1 (C and D) and Fig 2.2 (C and D) on

pages 69 and 70 respectively].
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The posterior ramus of the lateral fissure liesvieein the origin of the:

. Anterior asending ramus and the terminal ascensiggnent (upturned end)
of the lateral fissure, when the anterior ascendamgus occurs separately.

Stem of the anterior rami and the upturned enti@ldteral fissure, when

the anterior rami are jaine

The initial part of the posterior ramus of the lateal fissure was used to complete
the inferior border of the pars opercularis [see Ry 2.1 (E and F) and Fig 2.2 (E
and F) on pages 69 and 70 respectively), in the gence of both a single precentral

sulcus and a double precentral sulcus.

(e) EURTHER ON INTRA-OPERCULAR BOUNDARIES

The anterior ascending ramus and the anteaozontal ramus very rarely have
connections with the inferior frontal sulcti$herefore, imaginary lines that connect
the superior terminations of these rami to the infaor frontal sulcus, along the lie
of each of the two sulci, were used to complete theundaries between: the pars
orbitalis and the pars triangularis, and that between the pars triangularis and the

pars opercularis (see Fig 2.1 and Fig 2.2 on pagé8d and 70 respectively).
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2.7 PRECEEDING COMMENTS ON THE
RECORDING OF DESCRIPTIVE DATA

The identification of gyri and sulci, without the&laf physiological- or cytoarchitectonic-
confirmatory datads in the present stugys to a large extent, dependent on pattern
recognition. Constant sulci in key positions seagdandmarks for orientation and other
sulci are identified and often named relative tnth It was therefore seen to be necessary
to include two categories of fissures and sul¢hia study. The first category served as
fissures and sulci that were used for orientatiorppses and included the: lateral fissure;
central fissure; anterior subcentral sulcus andepios subcentral sulcus (where present);
and the postcentral sulcus. These fissures andveeite checked for key features that
would aid in their identification and contributettee aims of this study. The second

category of sulci constituted the focus of thiddgtand included:

» The two sulci that contribute to the boundarietheffrontal operculum. These were

the inferior precentral -sulcus or —sulci, anditiferior frontal sulcus.

» The major- and accessory- sulci of the frontal oplerm (see section 1.1 on page 5;

and Fig 1.7 on pg 15 and Fig 1.12 on pg 43).

The general criteria that were examined for eagh®fulci were:

« Its presence or absence.
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» Its existence as a continuous- or an interrupteltus and the number of segments
where applicable.

» Its shape where feasible (straight, curved, ormahioation of both shapes).

* The number of branches, if present.

* The connections of the sulcus with other sulci.

The presence of a feature was recorded by meamglak sign (+) and its total absence by

a minus sign (-).

2.8 THE METHOD USED FOR RECORDING THE
DESCRIPTIVE DATA IN THE PRESENT

STUDY

2.8.1 IDENTIFICATION, ORIENTATION, AND PATTER N
RECOGNITION OF THE FISSURES AND SULCI THAT ARE
RELEVANT TO THE PRESENT STUDY

(a) The lateral fissure was the first fissure to besidered in the orientation process. It
is identified as a deep constant fissure that segathe frontal- and the parietal-
lobes from the temporal lobe (see Fig 1.3 on pdt49.primarily antero-posteriorly
positioned. Its identification was confirmed bydiray its course from the origin of

its stem to its last ascending branch [see segtidifd) on pg 75 to 76] on the
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(b)

inferior boundary of the frontal operculum], which,this text, is referred to as the

upturned end of the lateral fissure.

The central fissure was the second fissure to hsidered in the orientation
process. It is identified as a deep constant festhat separates the frontal lobe from
the parietal lobe (Fig 2.5 on pg 88). It is anter@riorly directed on the
superolateral surface of the cerebral hemisphégseslentification was confirmed

by: first locating the approximate midpoint betwekeea frontal and the occipital
poles of the cerebrum, and then selecting thedi&sp antero-inferiorly directed
sulcus that was approximately one centimetre (ergreor to the aforementioned
midpoint. An office pin was inserted into the lowestd of the central fissure an aid

to subsequent speedy orientation.

Since the only superiorly directed sulci that afieen or immediately above the
lateral sulcus, posterior to the central sulcus,saiccessively the (Ono, 1990):
small inconstant posterior subcentral sulcus, @hg constant post-central sulcus,
and the short upturned end of the posterior rarhtisedateral sulcus, the

identification of the central sulcus was confirni®dchecking against these sulci.

The small inconstant anterior subcentral sulcus bealpcated between the central
sulcus and the inferior precentral sulcus. Therateand posterior- subcentral
sulci were only considered as being separate frencéntral sulcus if they were not

aligned with its general disposition (see Fig 213g 82).
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(c) The postcentral sulcus (see Fig 2.6 on pg 88) lashird sulcus considered in the
orientation process. This sulcus is more or lesallghto the central fissure. It is

identified as the first:

» Deep, constant sulcus (either continuous or inpded), that is located
posterior to the central fissure, and anteriohtguperiorly directed part
of the termination (of the posterior ramus) of ldweral sulcus,

» That extends between the lateral- and the longitldfissures (note that
the longitudinal fissure separates the two cerdi@alispheres in the

sagittal plane).

(d) The inferior frontal sulcus was the first boundatycus to be considered. It is the
first horizontally disposed sulcus that is bothesugr to, and roughly parallel to the
lateral sulcus for most of its course [see se@i@n(a) on pages 68 and 71, on the
superior boundary of the frontal operculum; and EBjon pg 4]. It was verified by
checking against the superior frontal sulcus, &edritermediate frontal sulcus

where necessary (see section 1.4 on pg 12).

In the current study, the posterior extremity & thferior frontal sulcus, whether
free or connected to the precentral sulcus, wamntéi be the origin of the inferior
frontal sulcus. The branches of the inferior fréstdcus were recorded as such

only when they deviated away from the generalflithe inferior frontal sulcus.
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(e) The inferior precentral sulcus was the textndary sulcus to be considered. The

following two scenarios were expected:

. The existence of a single precentral sulcus betweeanterior rami and
the central sulcus, with or without an operculaagdnal) sulcus
intervening between the anterior ascending ramdslaninferior
precentral sulcus (see Fig 2.1 on pg 69).

. The existence of a double precentral sulcus betweeanterior rami and
the central sulcus, with or without an operculaagdnal) sulcus
intervening between the anterior ascending ramdsfaninferior

precentral sulcus anterior (see Fig 2.2 on pg 70).

The following steps were followed in order to digfilish between the two

situations described above:

STEP 1A precentral sulcus was identified as:

» The first deep sulcus anterior to and parallehtocentral fissure [see
section 2.6 (b) on pages 71 to73; and Fig 2dlFag 2.2 on pages 69
and 70 respectively, on the posterior boundanhefftontal
operculum),

» That extends between the lateral fissure and thgitledinal fissure.

STEP 2 The frontal operculum was scanned in order tatifiethe

anterior rami [see section 2.8.1 (f) on pages 886{o
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CENTRAL FISSURE

Figure 2.3 An aid to pattern recognition in the paietal operculum. In diagram A note that the
central fissure (blue) lies between the precentral salis (1) anteriorly, and the post central sulcus
(2) posteriorly. The identification of the central issure is confirmed by (a) locating the upturned
end of the lateral fissure (3), and (b) then locatig the (2) anterior to it, and (c) locating the next
deep sulcus parallel and anterior to (2), which is th central sulcus. In diagram B (the selected
area in diagram A) note that the anterior subcentral(4)- and posterior subcentral (5)- sulci are
not aligned with the natural lie of the central fissue.

CENTRAL FISSURE

LATERAL

LATERAL
FISSURE

FISSURE
A B

Figure 2.4 An aid to pattern resolution in the frortal operculum. Note that the inferior part of
the precentral sulcus (1) is anterior to the centrifissure. In diagram A, the three rami inferior
to the inferior frontal sulcus (2) and anterior to (1), from anterior to posterior, are: the anterior
horizontal ramus (AHR, red), the anterior ascending ranus (AAR, green), the opercular sulcus
(diagonal, blue). In diagram B, note that although dY’ pattern can be observed, this does not
represent a ‘Y’ pattern of the anterior rami of the lateral fissure because the AHR (red) exists.
The sulcus that approaches and joins the AAR from postiorly, is thus the opercular sulcus
(blue).
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(f)

STEP 31f no other long sulcus (either continuous oemapted) was
identified between the anterior rami and the preggsecentral sulcus,
then it was concluded that the situation of a poézentral sulcus
pertained (see Fig. 2.1 on pg 69). If another lemigus, either continuous
or interrupted (that extended between the laté&aiife and longitudinal
fissure) was identified between the anterior rand the proposed
precentral sulcus, then it was concluded thatitatson of a double

precentral sulcus pertained (see Fig. 2.2 on pg 70)

Note that the key confirming feature for the idéadition of the additional
precentral sulcus was the counting of the relesald from posterior to anterior:
firstly the upturned end of lateral fissure; follesvby the postcentral sulcus; and
then the central fissure; and lastly the sole prgaésulcus or the double precentral

sulci.

Resolution of the relationship of the major- andessory- sulci of the frontal

operculum to each other.

i. The anterior ascending ramus is a major sutuihe frontal operculum. It
is identified, by being:
» Anterior to the single precentral sulcus or, aoteto the inferior
precentral sulcus anterior (in the presence ofubldoprecentral sulcus)
[see Fig 1.7 on pg 15, Fig 2.1(A, B) on pg 69 aiglZ2 (A, B) on pg
70 as well as section 1.6, pages 17 to 19], as:

* The sole anterior ramus of the lateral fissare,

83



» The posterior of two separate anterior rami ofléeral fissure, or
* The posterior of two anterior rami arising fromagnon stem
(forming a ‘Y’ shaped pattefjy which in turn is a branch of the
lateral fissure.
* A deep branch of the lateral fissure that hagicoity with the circular

sulcus of the insula.

The inconstant sulcus (sulci) of the pars operculaay intervene between
the anterior ascending ramus and the inferior priegaksulcus. The joining
of this opercular sulcus to the posterior aspethefanterior ascending
ramus may also give rise to a ‘Y’ shaped patteee (Sig 2.4 on pg 82). In
the event of this occurring, the position of themular sulcus, as well as
the presence and position of the anterior horizeataus, was used to help

to confirm the identification of the anterior asdemg ramus.

In the event of three rami arising from thtetal fissure anterior to the
inferior precentral sulcus, in the present stuee (Big 2.4 on pg 82); the

following criteria were descided upon:

* The posterior most branch was taken to be an ofaersulcus arising

from the posterior ramus of the lateral fissure,

8 If the ‘walls of the stem’ were widely separated, #@adheight low, an attempt was made to gently appose
the two walls. If this manipulation failed to appdke ‘walls of the stem,’ it was concluded that the
separation was due to an extension of the LF andhttrae stem did not exist.
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* The intermediate branch was taken to be the anteswending ramus,

and

+ The anterior-most branch was taken to be the amtkarizontal ramus

In the event of the sulcus anterior to tHerior precentral sulcus making a
pseudo (shallow) connection rather than a truep(jdeennection with the
lateral fissure (Ono et al, 1990), the sulcus vaéien, in the present study,

to be an opercular sulcus rather than the antasioending ramus.

The anterior ascending ramus was taken gmpthsent study, to be absent
when a sole anterior ramus arose further anteridyn the lateral fissure,
close to the expected position of the anterioruoial ramus [see Fig

1.10C (diagram on the right) on pg 35].

ii. The anterior horizontal ramus is a maolcus of the frontal operculum (see

Fig 1.7 on pg 15 and section 1.6 on pdgeto 19). It is identified, by being:

» Anterior to the anterior ascending ramus as:
* The sole anterior ramus of the lateral fissare,
* The anterior of two separate anterior rami of #terkal fissure, or
» The anterior of two anterior rami that arise fromoanmon stem
(which forms a Y’ shaped pattern). The starturn, arises from

the lateral fissure.
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®* As adeep branch of the lateral fissure, thatclasinuity with the

circular sulcus of the insula.

The anterior horizontal ramus, in the presémdy, was taken to be absent
when a sole anterior ramus arose further postgrisdm the lateral fissure,
close to the expected position of the anterior rRdiog ramus [see

Fig 1.10C (diagram on the right) on pg 35].

The opercular sulcus is an accessory sulogsraay be identified within the
pars opercularis [see Fig 1.12 (D, E, F) on pg di8her as a free sulcus or
attached to an adjacent sulcus (see section Ing§ @1 to 45). In the event
of an additional sulcus occurring, in the presémdy, at the same vertical
level as the anterior ascending ramus, it was dexbas an inferior branch

of the inferior frontal sulcus and not as an opkrcsulcus.

. The triangular sulcus is an accessory sulcus arydomadentified within the

pars triangularis, attached to the inferior fromstalicus [see section 1.8.4 on
pg 45 and Fig 1.12 (B and C) on pg 43]. In the ¢eémn additional sulcus
occurring, in the present study, at the same \&téwel as either the
anterior ascending or the anterior horizontal rgntwsas recorded as an

inferior branch of the inferior frontal sulcus, amok as a triangular sulcus.
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2.8.2 FEATURES OF THE RELEVANT FISSURES ANDSULCI
THAT WERE CONSIDERED PERTINENT TO THE
PRESENT STUDY

(a) EEATURES EXAMINED FOR THE CENTRAL FISSURE

i. The pattern of the central fissure as a whole Fsg&.5A on pg 88):

* Its presence as a continuous- or as an interruptédds

* The number of segments in the event of an inteeduptilcus

. The shape of the inferior end of the central fisgisee Fig 2.5 B-D on

pg 88):

Straight

‘Y’ (inverted)

‘T’ (inverted)

Any other

iii. The connections of the inferior end of the trahfissure (at and below the

level of the inferior frontal sulcus), with, seggF2d.5A-D on pg 88:

* The Lateral Fissure

* Any other sulcus
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CF

LF

Figure 2.5 Features of the central fissure (CF). Inidgram A the dashed blue line indicates that
the CF may or may not be interrupted into segments. fie area selected in green in Diagram A
has been expanded in diagrams B-D, which depict possishapes of the termination of the CF,
whether or not there is a connection with the laterkfissure (LF), [straight end (B), “Y’ shaped
end — inverted (C), and ‘T’ shaped end- inverted ([P

CENTRAL FISSURE

POCS B
T —
C
-~ -
D

—

Figure 2.6 Features of the postcentral sulcus (POCSh Hiagram A the interruptions in the
yellow line indicate that the POCS may be interrupgd; and may not have a connection with the
lateral fissure (LF). The area selected in green iniBgram A has been expanded in diagrams B-
D, which depict possible shapes of the termination dfie CF, whether or not there is a
connection with the LF [straight end (B); ‘Y’ shapedend (C), and ‘T’ shaped end (D), both
inverted)].
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iv. The presence of an anterior subcentral sulass)( posterior subcentral

sulcus (psc), or both (a/psc). See Fig 2.3)fon pg 82.

(b) EEATURES EXAMINED FOR THE POSTCENTRAL SULCUS

I. The pattern of the postcentral sulcus as a whele fsg 2.6(A) on

pg 88]:

* Its presence as a continuous- or as an interruptédds

* The number of segments in the event of an inteexduptilcus

il. The shape of the inferior end of the postcentridususee Fig 2.6 (B-D)

on pg 88J:

Straight

‘Y’ (inverted)

‘T’ (inverted)

Any other

iii. The connections of the inferior end of the postedrsulcus (at and
below the level of the inferior frontal sulcus)twisee Fig 2.6 (A-D) on

pg 88:

 The Lateral Fissure

* Any other sulcus
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(c) EEATURES EXAMINED FOR THE PRECENTRAL SULCUS

i. The pattern of the precentral sulcus as a whokeFggs 2.1 and 2.2 on

pg 69 and 70 respectively):

» Its presence as a single sulcus or as a doublessulc

* Its/ their presence as a continuous sulcus on astarrupted
sulcus

* The number of segments in the event of an inteeduptilcus or

sulci

. The shape of the inferior end of the precentratisi[as for the central

fissure, Fig 2.5 (B, C and D) on pg 88]:

e Straight
* Y’ (inverted)

* Any other

iii. The connections of the inferior end of the preadrsulcus, at and below
the level of the inferior frontal sulcus, with (Séig 2.1 and Fig 2.2 on

pages 69 and 70 respectively):

* The Lateral Fissure

* Any other sulcus or fissure
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(d) EEATURES EXAMINED FOR THE INFERIOR FRONTAL SULCUS

i. The pattern of the inferior frontal sulcus as a Igtjeee Figs 2.1 and Fig

2.2 on pages 69 and 70 respectively as well a2 BigA) on pg 82]:

* Its presence as a continuous- or as an interruptédds

* The number of segments in the event of an inteeduptilcus

. Connections of the inferior frontal sulcusiw(see Fig 2.1 and Fig 2.2

on pages 69 and 70 respectively):

» The inferior precentral sulcus (or inferior precahsulcus
anterior)

* Any other sulcus

iii. Branches of the inferior frontal sulcus into thenftal operculum (see

Fig 1.12 on pg 43):

* The total number of inferior branches

» The occurrence of an opercular sulcus as a branch

» The occurrence of a triangular sulcus as a branch
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CENTRAL FISSURE LF

Figure 2.7 Shape and direction of the anterior ramof the lateral fissure (LF). Note that the straigh
shapes of both the anterior ascending (AAR)-, and antier horizontal (AHR)- rami of the LF, are

depicted in diagram A. The AAR and the AHR are seleed in the same colour in diagram A, because

the shapes in the expanded view in diagrams B and @eaapplicable to both sulci. Diagram B
demonstrates concave anteriorly, and diagram C demonsites concave posteriorly.

INFERIOR
PRECENTRAL CENTRAL FISSURE

SULCUS CONCAVE
= ANTERIOR

INFERIOR
FRONTAL
SULCUS

CONCAVE
B POSTERIOR

Figure 2.8 Shape and direction of the accessory suln diagram A: the straight shape of the
triangular sulcus (purple); and that of the opercularsulcus (blue) is demonstrated. Note that
both sulci are shown unconnected to other sulci (fre@ the frontal operculum). The anterior
rami are the: anterior ascending (AAR) and the anteior horizontal (AHR). The selected area in
diagram A is expanded in diagram B to demonstrate theoncave anterior, and the concave
posterior, shape and direction of the triangular andopercular sulci (also free in this case).
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(e) EEATURES EXAMINED FOR THE ANTERIOR ASCENDING RAMUS

i. The pattern of the anterior ascending ramus [sgd Fion pg 15 and

1.9 E on pg 24]:

 Its presence or absence

il. The shape and direction of the anterior ascendimus (see Fig 2.7 on

pg 92):
e Straight
+ Curved:

» Concave anteriorly
» Concave posteriorly

* Any other

iii. Connections of the anterior ascending ramus wel{ske Fig 1.7 (B) on

pg 15, Fig 1.12 on pg 43, and Fig 2.8 (B) on pg 92]

» Stem (of the anterior ascending- and anterior bote rami)
» Lateral fissure

» Inferior frontal sulcus

» Opercular sulcus

« Any other sulcus
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() EEATURES EXAMINED FOR THE ANTERIOR HORIZONTAL RAMUS

i. The pattern and location of the anterior horizordahus (see Fig 1.7 on

pg 15):

» Its presence or absence

* When present, its location:
* On the lateral surface of the frontal operculum
» At the orbital margin of the frontal lobe

* On the orbital surface of the frontal lobe

il. The shape and direction of the anterior horizoraalus (see Fig 2.7 on

pg 92):
» Straight
 Curved:

» Concave anteriorly
» Concave posteriorly

* Any other

iii. Connections of the anterior horizontal ramus wlih see Fig 1.7 on

pg 15):

» Stem (of the anterior ascending- and anterior boted rami)

+ Lateral fissure
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* Inferior frontal sulcus

* Any other sulcus

(9) EEATURES EXAMINED FOR THE OPERCULAR SULCUS OR SULCI

i. The pattern of the opercular sulcus (see Fig 1ril@g43):

» Its presence (single or otherwise), or absence

il. The shape and direction of the opercular sulcus g 2.8 on pg 92):

» Straight

e Curved:
» Concave anteriorly
» Concave posteriorly

* Any other

iii. Connections of the opercular sulcus with the [sgelFL2 (D, E, and F)

on pg 43 and Fig 2.8 on pg 92]:

« Lateral fissure
* Anterior ascending ramus
» Inferior frontal sulcus

* No other sulcus (Free in the pars opercularis)

95



* Any other sulcus

(h) EEATURES EXAMINED FOR THE TRIANGULAR SULCUS OR SULC |

I The pattern of the triangular sulcus (see Fig dripg 43 and Fig 2.8 on

pg 92):

» Its presence (single or otherwise) or absence

il. The shape and direction of the triangular sulcas &g 2.8 on pg 92):

e Straight

» Curved:
» Concave anteriorly
» Concave posteriorly

* Any other

iii. Connections of the triangular sulcus with the [Bepl.12 (B, C) on pg

43 and Fig 2.8 on pg 92]:

+ Inferior frontal sulcus

* No other sulcus (Free in the pars triangularis)

* Any other sulcus
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2.9 THE DIRECT METHOD USED FOR THE
RECORDING OF SULCAL LENGTHS IN THE
PRESENT STUDY (QUANTITATIVE DATA)

Note that the procedure for the measurement oakl@ngths was the result of an
exploration of various techniques of measuringauengths (see section 3.1.2 on pages

121 to 127, on the route to the measurement otehol he procedure is as as follows:

(a) THE STABILISATION OF THE SPECIMEN

The specimen was always stabilised such that tleasto be measured, was as

perpendicular to the eye as possible.

(b) THE CONVENTION USED FOR DETERMINING THE ORIGINS OF

SULCI:

» The origin of sulci arising from the lateral sulcuss guided by the abutting
temporal operculum (when present). The painthich the sulcal walls began
to diverge into the lateral fissure marked the alotwigin of such sulci.

» The origins of sulci arising from other sulci wenarked, by the inferor-most
point at which the walls of the sulcus (being meadubegan to diverge from

the parent sulcus.
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» The origins of free sulci (sulci that were unatedtho other sulci) was marked
by the inferior- most point at which the sulcal isddegan to diverge from each

other.

(c) THE CONVENTION USED IN DETERMINING THE TERMINAT IONS OF

SULCI:

» The last point where two parallel adjacent sulcallswvere observed was taken

to be the termination of the sulcus.

» If avascular furrow prolonged a sulcus, it was me&asured.

(d) THE PROCEDURE FOR MEASURING SULCAL LENGTHS :

» STEP I The surface of the brain was dried with paper towkis prevented
the threads (used for measuring) from getting Meg origin of the sulcus
concerned was determined according to the criseiaut in section 2.9 (b) on

page 97 [see Fig 2.9 (a) on pg 99].

 STEP 2 A length of thread (with a needle already threanlet it) was marked

as indicated in Fig 2.9 (b) on page 99.

» STEP 3 The thread was drawn through a needle such teah#drked point

was located inside the eye of the needle [see Bi¢c2 on pg 99].
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Figure 2.9 (a) Locating the origin of a
sulcus [see section 2.9 (b)].

The anterior ascending ramus, (AAR)
was the chosen sulcus for the
demonsration of the method. The
origin of this sulcus was located by:
(i) following it inferiorly until the
lateral fissure, and
(ii) noting the point at which the
sulcal walls began to diverge
from each othe

Figure 2.9 (b) Marking of the thread.

Note that a small black dot was
marked onto the thread (black arrow).

Figure 2.9 (c) Thread manipulation

Note that the needle was drawn
through the thread until the small

black dot, seen in Fig 2.9 (b), was no
longer visible. This is because it is now
located in the eye of the needle.
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Figure 2.9 (d) Needle insertion

The needle was inserted into the origin of
the AAR until the eye of the needle was
level to the sulcus. This meant that the
black dot mentioned in Figure 2.9 (b) on
pg 99, was as close to the actual origin as
possible. Note that the long part of the
thread was facing superiorly

Figure 2.9 (e) Pin insertion

The thread was moulded along the course
of the sulcus. An office pin was inserted
into the termination of the sulcus [see
section 2.9 (c) on pg 98].

Figure 2.9 (f) Marking the termination of
the sulcus.

A second black dot was added to the
thread where it passed over the office pin
mentioned in Figure 2.9 (e). Note that the
terminatons of sulci tend to be more
superior than the origins. The needle was
removed from the brain. The thread was
then snipped away from both black dots.
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Figure 2.9 (g) Filing of the thread

Note that the measured length was
carefully arranged onto a straight line.
The name of the sulcus, the hemisphere,
and the specimen number was added to
the sheet. The length could now be read
straight off a ruler.

Figure 2.10 (a) Placement of pins for the measuringf intersulcal distances in the frontoparietal
operculum. The first pin was inserted into the termindion of the anterior ascending ramus
(black arrow). A ruler was ased to get a line as par#édl as possible to the horizontal portion of
the frontoparietal operculum (blue arrows). Pins wee then inserted into the relevant sulci [see
section 2.10 (a) ii, STEP 3, on page 104] at the sahwmrizontal level. Note that the pins are
parallel to each other.
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STEP 4 The needle was inserted into the origin of thewssylavith the short
end of the thread facing away from the sulcus tmmbasured, until the eye of
the needle was resting on the origin of the sulouse measured [see Fig 2.9 (d)

on pg 100].

STEP 5 The thread was moulded over the course of the sime Fig 2.9 (e)

on pg 100].

STEP 6 An office pin was inserted into the terminatiorntloé sulcus [see Fig
2.9 (f) on pg 100]. Note the termination of thecsisl was determined according

to the criteria set out in section 2.9 (c) on p@g§e

STEP 7 The thread was marked as it passed over the cafrine head of the

office pin [see Fig 2.9 (f), on pg 100].

STEP 8 The thread was then snipped beyond the second aratlarranged
onto a line, on a page of lined blue notepapehout undue tension. It was
taped into this position on its line using magiedaThe points marked on the
thread were immediately remarked on the magic (mpmediately below the
original mark), so that any shrinkage of the threadld be noticed [see Fig 2.9

(9), on pg 101]. An appropriate label was inseltelbw the thread.

STEP 9 A second recording was taken a minimum of two dates and pasted
next to the first recording. If necessary, a thedording was taken, and the two

closest recordings were retained.
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» STEP 1Q As the threads were already pasted onto a strightthe sulcal
lengths were read directly off a ruler, to the ektshalf a millimetre. Since it
was thought that the true lengths of the sulci s@amewhere between the two
readings, the average of the two recordings wamntak the final length for

each sulcus.

2.10 THE METHOD USED FOR THE RECORDING
OF INTERSULCAL LENGTHS IN THE
PRESENT STUDY (QUANTITATIVE DATA)

(a) THE MEASUREMENT OF INTERSULCAL LENGTHS POSTERIOR TO

THE ANTERIOR ASCENDING RAMUS

I STABILISATION OF THE SPECIMEN

The specimen was stabilised such that the froniejaaoperculum was

more or less perpendicular to the eye.

ii. THE STEPS TAKEN WHEN MEASURING THE INTERSULCAL

DISTANCES [see Fig 2.10 (a, b) on pages 101 and I@Spectively]

» STEP I An office pin was inserted into the terminationtioé
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anterior ascending ramus. It was ensured thatithe/gs upright.

STEP 2 A ruler was used to get a line as parallel as ptesso the

straight portion of the posterior ramus of theraltsulcus.

STEP 3 At the horizontal level where the ruler crosseddtiei,

pins were successively inserted into the:

. Opercular sulcus (sulci) when present at this level
. Central fissure, and
. Postcentral sulcus, see Fig 2.10 (a) on page 101.

It was ensured that all the pins were parallelatcheother.

STEP 4 A ruler was positioned such that the zero poinhcioied
with the pin in the postcentral sulcus. The rulspaouched the pin
in the termination of the anterior ascending rafses Fig 2.10 (b)

on page 105].

STEP 5 With the head held directly above the ruler, thiaight line

distance between:

» The pin in the central fissure and the pin in tiferior
postcentral sulcus,
* The pin in the inferior precentral sulcus and theip the

central fissure,
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Figure 2.10 (b) Measurement in the frontoparietal oprculum (2). A ruler was held
perpendicular to the pins. The zero point of the miimetre marker was positioned just
above the pin in the postcentral sulcus. The ruler wathen aligned with the other pins as
shown in the picture. The intersulcal lengths were tbn read straight off the ruler.

Figure 2.10 (c) Measurement in the pars triangularisAll pins in the frontoparietal
operculum except that in the termination of the anérior ascending ramus were
removed. A pin was inserted into the termination ofhe anterior horizontal ramus. A
ruler was placed between the two pins and additionglins placed in the triangular
sulcus (sulci) at the same horizontal level, as showntime picture. The intersulcal
lengths were then read straight off the ruler.
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* The pin in the termination of the anterior ascegdemus
and and the pin in the inferior precentral suleus]

* The pin in the termination of the anterior ascegdind
the pin(s) in the opercular sulcus (suléipresent at this
level, was read off the ruler, to the closest hatfillimetre,

see Fig 2(bPon pg 105.

 STEP 3 A second recording was taken a minimum of twosdayer.

(b) THE MEASUREMENT OF INTERSULCAL LENGTHS ANTERIOR TO

THE ANTERIOR ASCENDING RAMUS

I STABILISATION OF THE SPECIMEN

The specimen was stabilised such that the fropfculum was as

perpendicular to the eye as possible.

il. THE STEPS TAKEN WHEN MEASURING THE INTERSULCAL

DISTANCES [see Fig 2.10 (c) on page 105]

» STEP 1 An office pin was inserted into the terminationtiodé

anterior ascending ramus. It was ensured thatithe/as upright.

» STEP 2 A second pin was inserted into the terminatiothef

anterior horizontal ramus. It was ensured thapihevas both
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upright and parallel to the pin in the terminatadrthe anterior

ascending ramus.

» STEP 3 Aruler was brought up to meet the two pins, ingltene of
the specimen and perpendicular to the pins. Athltbrizontal level,
pins were inserted into the triangular — sulcussarci [see Fig 2.10

(c) on pg 105].

* STEP 4 A ruler was positioned such that the zero poinbcicied
with the pin in the termination of the anterior @sding ramus. The
ruler also touched the pin in the termination & #mterior horizontal

ramus.

e STEP 5 With the head held directly above the ruler, tmaight line

distance between:

* The pins in the terminations of the anterior ascendnd
anterior horizontal rami,

* The pin in the termination of the anterior ascegdin
ramus and and the pin(s) in the triangular sulsuf),

was read off the ruler, to the closest half a miditre.

» STEP 6 A second recording was taken a minimum of two days

later.
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211 _LESS DIRECT METHODS EXAMINED, FOR

OBTAINING QUANTITATIVE DATA

2.11.1 _DATA RECOVERY FROM PHOTOGRAPHS THROUGH
USE OF PHOTOGRAPHIC NEGATIVES

Three separate cerebral hemispheres were selealgzhatographed together with a
centimetre marker that was placed at the same #svitle surface on which the specimen
rested (table level). The negatives were then tapéulthe stage of a magnifier. The knobs
(for altering magnification) were adjusted untiétbentimetre marker read as close as

possible to one centimetre.

The intension was: to make a tracing of the relesalti, from the negatives, once the 1:1
magnification was achieved; and to then measureeiegant sulcal- and intersulcal-
lengths (from the tracing), by the use of an imagealyser (THE VIDEOPLAN, IMAGE

ANALYSIS SYSTEMS (KONTRON BILDANALYSE), 1988.

2.11.2 _DATA RECOVERY FROM PHOTOGRAPHS THROUGH
USE OF PRINTED IMAGES

A digital camera was fixed at a constant heightnftbe surface on which each of the

specimens selected in 2.11.1 were to be placedsdpero-lateral surfaces of all three
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specimens where photographed from the same spathigwith a centimetre marker

placed at table level.

At the time of photography, it was noticed that tthae to the: curvatures (antero-posterior
and left-right); as well as the gradual taperinghef frontal lobe towards the frontal pole,
different points on the specimen, even in the sbaperculum, were at slightly different
heights from the camera. In order to explore tliecebf this feature on the measurement
of lengths, four threads of equal length were plame one specimen, and then

photographed.

2.11.3 _DATA RECOVERY FROM PEN TRACINGS OF THE
SURFACE FISSURES AND SULCI

A square sheet of ordinary plastic cling-wtams placed over the supero-lateral surface of
the frontal lobe. The lower edge was tucked naattythe lateral fissure. The plastic was
carefully adjusted and moulded over the gyri. Whesatisfactory fit was obtained, a

permanent marker (Artline 750) was used to tracelwusulci.

The plastic was then removed, taped onto a blae&tsif paper, and labelled. This meant
that the tracings were already represented ort alfizet, and at a magnification of 1:1. It

was thought feasible to use the image analyseriomsat in section 2.11.1 to measure the

® Purchased at the local supermarket

109



traced sulcal- and intersulcal- lengths. In a e, the tracing was fixed to a digitising
tablet, and the data was acquired by, clicking@agiging a crosshair cursor from the

origin to the end of a sulcus.

2.11.4 _DATA RECOVERY THROUGH USE OF THE
MICROSCRIBE DIGITISER

This device (MICROSCRIBE 3D, IN RHINO, IMERSION CGRPORATION) has a
mechanical arm, to which a digitising pen is at&kthA point on a surface can be recorded
by exerting sufficient pressure on the pen tiprimdpce a click. The three -dimensional
coordinates of such a point is then stored in the&software program. The strength of
the program is that it has the ability to colldte digitised points and render these into a
digital model. After this process, the option toasere could be used to yield readings for
lengths as well as surface area. The soft surfatteedorain was expected to present a
problem for the recording of points. No attempt wesde to resolve this problem since the

above method was abandoned [see section 3.1.2\2 (&) pg 126].

110



2.12 METHODS USED FOR ANALYSING DATA
2.12.1 _METHODS USED FOR ANALYSING DESCRIPTIVE DATA

(a) The analysis of the descriptive data revolvediad:

* The calculation of percentage incidences for treuence of the relevant features

of the sulci examined (for ungrouped data); and

» Inter-hemispheric comparisons of the frequencigt®fccurrences of:

(i) The four Types Connections of Ebeling (grved data), with respect to
the categories of case and control, and
(i) The three Patterns of the Anterior Rami (grouped)davith respect to

the categories of case and control.

(b) The chi square test (Levin and Rubin, 1980) asied because:

* The analysis involved a comparison of the propaosiof the frequencies with
which: the four Types of Ebeling; and the thregd?as of the Anterior Rami,

occurred in the right and left cerebral hemispheres

» The descriptive data could be classified into saveategories: four types with
respect to two attributes (right and left hemispheand three patterns with respect

to two attributes (right and left hemisphere).
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2.12.2 METHODS USED FOR ANALYSING QUANTITATIVE

DATA

(a) The analysis of the quantitative data revol@emind the inter-hemispheric comparisons
of the means of sulcal lengths for ungrouped- aondpmed- data, with respect to the

categories of case and control.

(b) In the case of data prior to classfication ieither Types of Sulcal Connections or
Patterns of the Anterior Rartungrouped data) the following were calculated (for

both case and control groups in each hemisphere:

» The means of the lengths of individual major- aoceasory- sulci (each sulcus was
considered separately), in the right cerebral hehgige, and

» The means of the lengths of individual major- aoceasory- sulci (each sulcus was
considered separately), in the left cerebral henasp as well as

» The coefficient of variation (ratio of populatiotasdard deviation to mean,
expressed as a percentage) for the lengths ofrebsiant sulcus, in the right

hemisphere and in the left hemisphere.

The Shapiro-Wilk test for assessing the nditynaf data, was applied to selected data
sets (see Table 3.59 on pg 217) from the tablégppendix E (see pages 314 to 337).
The W-values were calculated by programming thentda into theMicrosoft Excel
(2000)computer program (see appentlixg 394 to 395). After confirming that the

selected data sets were normally distributedStiielent t-testvas applied since the
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analysis involved a comparison of means. Wherosoft Excecomputer program,

mentioned above, was used again.

(c) Inthe case of data that had been groupedTiypes of Connection and Patterns of the
Anterior Rami(grouped data) the following were calculated for both the casd a

control groups:

» The means of the lengths of each relewaditvidual sulcus, in the right cerebral

hemispheres,

* The means of the lengths of each relewaditvidual sulcus, in the left cerebral

hemispheres

» The coefficient of variation (cv) for the mean |#mgof each relevant sulcus in both

hemispheres.

Selected data sets (see Tables 3.60, 3.61, 3.68s247 and 218) from the tables of

Appendix F (see pages 338 to 348) and Appendixe€ isges 349 to 360) were subjected

to inter-hemispheric comparison, by means ofSh&lent’s t-tesas for the ungrouped data.
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3. RESULTS

3.1 REPORT ON THE METHODS USED TO

ACQUIRE DATA IN THE PRESENT STUDY

3.1.1 REPORT ON THE DESCRIPTIVE METHODS USEDIN THE
PRESENT STUDY

The recognition of the connections and the pattefrssilci (and fissures) involve personal
decision-making relative to the reports of precgdigsearch. This introduces an
unavoidable element of subjectivity to studieshod hature. Although care was exercised
S0 as to minimise the effect of the expected stiljgg the present study still constitutes
the observations and decisions of a single indafiddoncerns about subjectivity were

addressed by:

» Setting out, and strictly adhering to, the critédathe identification of the
descriptive features examined (see section 2.8agp$78 to 96).
» Checking forintra-rater reliability , by repeating the identification process four

times.

The inconstancies revealed by the second chedkeoddscriptive data made it necessary

to include the following criteria into the identiéition process:

» The orientation of the central fissure needed toHerked against the last terminal

ascending branch of the lateral fissure (or altdraky the posterior termination of
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the posterior ramus, as a means of keeping traakpofksible double precentral
sulcus [See section 2.6 (b) on pages 71 to 73. gded~ig 2.3 on page 82; Fig 3.1

on page 116; Fig 3.2 (a, b) on pg 117; and Fig&.8) on page 118].

» Shallow (pseudo) connections of the anterior rantie lateral fissure were not
considered true anterior rami because they didvawo¢ continuity with the circular
sulcus. These suci were considered to be sultieoflivision of the frontal

operculum to which they belonged [see Fig 3.5 0d24j.

* In order to confirm the absence of either of the amterior rami, the lateral fissure

was opened to check whether:

. The anterior ramus in question was truly absent, or
. Existed, but did not reach the lateral surface; or

. Merely notched the visible inferior border of therftal operculum

* In order to confirm the existence of a connectietwieen two sulci (other than that
between the anterior rami and the lateral fissuhe) sulcal walls at the site of the
connection were also slightly parted, in orderhieck whether or not a true (deep)-
or a shallow (pseudo) connection occurred. If thregis a pseudo-connection, it was

not recorded as a connection.

The third and forth checks of the descriptive dagdded stable information that was used

to compile the descriptive record that is preseme&bpendix C on pages 268 to 311.
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Figure 3.1 Identification of sulci in the fraxtoparietal operclum [1].

ORIENTATION OF THE RIGHT HEMISPHERE in Fig 3.1 above: The tip of the
green arrow lies in the beginning of the upturned ed of the posterior ramus of the
lateral fissure, which is the landmark for the begnning of the orientation process. The
pink arrow marks the inferior part of the postcentral sulcus. An office pin has been
inserted into the central fissure (only the head igisible). Note that the central fissure
has a connection with the lateral fissure. The bluarrow indicates the anterior
subcentral sulcus (note that it lies between the farior termination of the central
fissure and the inferior precentral sulcus (lower gllow arrow).

BOUNDARY SULCI OF THE FRONTAL OPERCULUM in Fig 3.1 abov e: The
yellow arrows point out the two components of theniterrupted single precentral
sulcus. Note that the inferior precentral sulcus ha a connection with both the central
fissure (office pin) and the inferior frontal sulcus (IFS). The IFS is continuous, has a
true connection with the inferior precentral sulcus and has a bifurcate anterior
termination.

SULCI OF THE FRONTAL OPERCULUM in Fig 3.1 above: The major sulci: the
anterior ascending ramus (AAR), and the anterior hoizontal ramus (AHR) arise
separately from the lateral fissure. This specimenan therefore be classified as having
the VU pattern of the anterior rami. The only accesory sulcus, the sulcus of the pars
triangularis, descends from the IFS into the pars tiangularis, between the two

anterior rami. In the absence of an opercular sulcs and the presence of a connection
between the IFS and the inferior precentral sulcusthis specimen can be classified as a
Type 1 [with respect to sulcal connections, see siea 3.2.4.1 (pgs 173 and 174); and
Fig 3.22 (pg 175)].
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CENTRAL FISSURE (CF)

Figure 3.2 (a)Orientation in the frontoparietal operculum [2]. The upturned end of
the lateral fissure [i] is followed anteriorly by the postcentral sulcus [ii]. The
posterior subcentral sulcus [iii] is longer than usal. Note that two approximately
parallel sulci may be interposed between the antest rami (green) and the CF. The
posterior precentral sulcus (pink) and anterior precentral sulcus (yellow) are the
double precentral sulci. They were traced from the lateral fissure inferialy to the
longitudinal fissure superiorly.

Figure 3.2 (b) A closer look at the superor
boundary of the frontal operculum of Fig 3.2
(). The inferior frontal sulcus (IFS) is
highlighted in light blue. Note that its
posterior component has no connection with
the anterior- or posterior- precentral sulci.
The posterior dark blue sulcus is an
opercular sulcus arising from the anterior
ascending ramus. The anterior dark blue
sulcus is a triangular sulcus arising from the
intermediate segment of the IFS. Note that
each segment of the IFS has a superior
branch as well (white).
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CENTRAL
FISSURE
(CF)

Figure 3.3 (a) Orientation in the frontoparietal operculum [3]. The upturned end of the
lateral fissure [i] is followed anteriorly by the postcentral sulcus [ii]. Three components
of this sulcus are visible. Note that two approximgely parallel sulci may be interposed
between the anterior rami (green) and the CF. The mierior precentral sulcus (pink) and
anterior precentral sulcus (yellow) are thedouble precentral sulci. They were traced from
the lateral fissure inferiorly to the longitudinal fissure superiorly.

Figure 3.3 (b) A closer look at the
superor boundary of the frontal
operculum of Fig 3.3 (a). The inferior
frontal sulcus (IFS) is highlighted in
light blue. Note that its posterior
component has a connection with the
anterior precentral sulcus and the
posterior precentral sulcus as well.
The posterior dark blue sulcus is an
opercular sulcus arising from the
intermediate segment of the IFS. The
anterior dark blue notch is a
triangular sulcus.
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CENTRAL
FISSURE
(CF)

Figure 3.4 (a) A further note on sulci in the fronal operculum.

BRIEF ORIENTATION: An anterior subcentral sulcus notches the superior bank of the lateral
fissure between the CF and the inferior precentral gus (i)].

SULCI OF THE FRONTAL OPERCULUM: The sulcus immediately anterior to the inferior
precentral sulcus is actually an opercular sulcus (iigrising from the lateral fissure because an
anterior ascending ramus exists (iii). The anterior a=nding ramus however just notches the
frontal operculum. The inferior part of the anterior horizontal ramus (iv) is at the orbital margin.

Figure 3.4 (b) Further on intraopercular
boundaries The area selected in Fig 3.4 (a)
is elaborated on here. The inferior frontal
sulcus (light blue) sends two sulci into the
frontal operculum. The posterior (broken
green) of the two sulci is at the same
vertical level as the anterior ascending
ramus. It was therefore classified as a
sulcus contributing to the boundary
between the pars —opercularis and -
triangularis. The second inferior branch of
the inferior frontal sulcus is a sulcus of the
pars triangularis.

119



Figure 3.5 A true- versus a pseudo- connection vhithe lateral fissure.

ORIENTATION: (i) The central fissure (white pin). (i) The sulci marked by the two green arrows
constitute the inferior precentral sulcus because thstraight part of the sulcus indicated by the broken
green arrow is clearly aligned to the sulcus indicatetly the solid green arrow. Note that the sulcus
indicated by the solid black arrow is a side branch ofhe sulcus indicated by the broken green arrow.
(iii) The superior temporal gyrus has been cut awayn order to closely observe the behaviour of suci as
they approach the lateral fissure inferiorly and thecircular sulcus medially. The broken blue arrow
indicates inular cortex.

A TRUE CONNECTION WITH THE LATERAL FISSURE: When the a nterior horizontal ramus
(pink arrow) is followed inferiorly, it can be seen b cut the inferior frontal gyrus so deeply that thereis
a connection between it, the lateral fissure, and th&ulcus that surrounds the insula (circular sulcus).

A PSEUDO CONNECTION WITH THE LATERAL FISSURE: When the sulcus
indicated by the red pin is followed inferiorly, it can be seen that an intervening bridge of cortex
separates the sulcus from the circular sulcus. This was ttefore taken to be a pseudo connection with
the lateral fissure. Although this sulcus is in the exgcted position of the anterior assending ramus, its
lack of continuity with the lateral fissure (deeply)and circular sulcus (medially) meant that it could
only be clssified as a possible opercular sulcus. Ndtet there are three triangular sulci between the
anterior horizontal ramus and the proposed opercularsulcus.
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3.1.2 REPORT ON THE QUANTITATIVE METHODS USED IN
THE PRESENT STUDY

The method used to measure sulcal lengths in gmept study, evolved through a process
of trial and error. Disatisfaction with the accwraxd the original direct method used in the
initial trial (see section 3.1.2.1, below) led e texploration of four indirect methods of
measuring sulcal length. The failure of these mxtimethods to deliver accurate methods
for the measurement of sulcal lengths (see se8tib2.2 on pg 122), led to the method of
choice as described in section 2.9 on pages 9@83o0The pathway to the final method

used to measure sulcal length is described incsec8.1.2.1 and 3.1.2.2 below.

3.1.2.1 OBSERVATIONS ON THE MEASUREMENT OF SU.CAL LENGTHS
IN THE INITIAL TRIAL

The method for measuring sulcal lengths, as seindhe original design of the study,
involved the simple laying down of a suture thraéahg a sulcus, and the snipping of it at
the termination of the sulcus. The following obsgions were made on this method during
a trial run: it was difficult to stabilise the suéuthread without some form of anchor; and
the thread tended to fray and splay out at therdt This required a decision to be made
as to where to begin and end the reading of thgttehe conclusion was that this method
of measuring sulcal length led to unacceptablelsevinaccuracy. This method was

therefore set aside, in the form decribed above.
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3.1.2.2 CONSEQUENCES ARISING FROM THE INITIAL OBSERVATIONS
ON THE MEASUREMENT OF SULCAL LENGTHS

() Indirect methods of measurement were expl(see section 2.11 on pages 108 to

110). The following observations were made on the:

I THE MEASUREMENT OF SULCAL LENGTHS FROM

PHOTOGRAPHIC NEGATIVES (see section 2.11.1 on pag&08 for a

description of the method)

It was very difficult and time consuming ¢t closgo a 1:1 magnification of
the negatives using the tuning dials, on the magrtifiat was available in the

Department of Anatomical Sciences (University otwétersrand).

. THE MEASUREMENT OF SULCAL LENGTHS FROM PRINTED

PHOTOGRAPHS (see section 2.11.2 on page 108 for esdription of the

method)

While photographing the specimens, it was obsetivatidue to the:

. Curvatures (antero-posterior, and left-right);
. As well as the gradual tapering, of the frontalddbwards the frontal
pole, different points in the frontal operculum wext slightly different

heights from the camera.
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In order to explore the effect of the curvaturestimed above, on the
measurement of sulcal lengths from printed imafyes,threads of equal length
were placed on one specimen, and then photografilveds noted that the
lengths of these threads appeared different opriheed photograph (see Fig
3.6 on pg 124). An explanation of this feature wasght by photographing a
specimen with a floor centimetre marker as weltestimetre markers placed at
different heights on the specimen. It was notetlaha 1:1 magnification of the
floor centimetre marker, the other centimetre mexkisplayed slightly

different magnifications on the printed photogrgpée Fig 3.7 on pg 124).

THE MEASUREMENT OF SULCAL LENGTHS FROM PEN

TRACINGS OF SURFACE FISSURES AND SULCI (see sectio2.11.3 on

page 109 for a description of the metdd

It was observed that:

. It was often necessary to fold the plastic sheetin§ wrap used in
this method, in order to obtain a ‘best- fit' folover the changing
curvatures on the brain surface (see Fig 3.8 ob2pg for the larger
effect of this feature in a tracing of a hemisphere

. Small kinks were produced in the plastic sheehasite of the
folding.

. Very small distortions occurred in the plastic sHesween sulci,

where it was moulded over gyri. The use of smaltprares of plastic
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THREAD

Figure 3.6 The effect of distance from the camera otne perception of sulcal length. Note
that threads of equal length at different levels apgar to be of unequal length

CENTIMETRE MARKER

Figure 3.7 Magnification changes relative to changea height from the camera (on the
same specimen). Note the slight magnification changeith a change in height from table
level, by comparing the centimetre markings on thehree centimetre markers.
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Figure 3.8 Pen tracing of the external cerebral stace. The red lines demonstrate the points at
which it was necessary to fold the plastic sheet.

Figure 3.9 Terminations of the inferior ends of oriatating and boundary sulci. Inferior
terminations of the central fissure (CF): Diagram A -inverted Y’ shape; Diagram B —
inverted ‘T’ shape. Note that the black arrowheads pint in an inferior direction and the
broken black arrows in an anterior direction. In diagram B, the post central sulcus (solid
yellow arrow) has a straight inferior termination and the precentral sulcus has an inverted Y’
end (solid blue arrow). In diagram A, the postcentrakulcus (broken yellow arrow) has a
straight inferior termination with a posterior incli nation and the precentral sulcus has a
straight inferior termination (broken blue arrow).
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iv. THE MEASUREMENT OF SULCAL LENGTHS BY USE OF THE

MICROSCRIBE DIGITISER (see section 2.11.4 on pg 11fbr a description of

the method)

The soft surface of the brain, and the very nabfisulci, was expected to present a
problem for the recording of points in the measweetof sulcal lengths. These
aspects, however, did not need to be resolved bedae calibration of the machine
proved to be out of reach, within the timescaléhef project (see the
acknowledgements section on page This method of measurement was therefore

not pursued.

(b) In view of the negative results obtained foe tess direct methods for measuring sulcal
lengths, a decision was taken to revert to theofisiereads (with certain modifications)

as a means of measurement.

Various ‘threads’ including very thin copper widgntal tape, and ordinary sewing
thread were explored and proved unsuitable. Wiitéb stranded Coats embroidery
thread was eventually chosen. It fitted snugly thieye of the needle, unlike the
ordinary sewing thread, which was very mobile. Aisdid not kink when it was

moulded along a sulcus (unlike the copper wire dartal tape).
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The following modifications were employed in orderspecifically address the two
problems listed in the initial observations on theasurement of sulcal length (see

section 3.1.2.1 on pg 121):

* The mobility of the thread was reduced by mearenadnchor, in the form
of an ordinary sewing needle. The use of multipteJ even two needles on
a length of thread proved too difficult to manigelaver short distances.
One needle inserted at the origin of a sulcus wasd to offer sufficient
stability for the manipulation of the thread. Thesad of an office pin

marked the point at which the sulcus ended.

« The fraying of the thread was nullified by use gfeamanent marker to
mark critical points away from the cut edges ofihéte thread. The first
point was marked and the thread was drawn througleye of the needle
until the marked point was located in the eye efribedle. Since the needle
was to be inserted at the origin of the sulcus,@mhed in until the thread
rested on the sulcus externally, the marked potdted in the eye of the
needle was almost at the true origin of the sustube surface of the brain.
The termination of the sulcus was marked on théreai the head of the
office pin mentioned above. The thread was theppsd beyond the second

mark.

The use of the guidelines mentioned above led toglmethod of choice for the
measurement of sulcal lengths [described in secti¢h9 on pages 97 to 103 and

illustrated in Figure 2.9 (a-g) on pages 99 to 101]
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3.1.2.3 OBSERVATIONS ON THE MEASUREMENT OF INTERSULCAL
LENGTHS [described in section 2.10 on pages 103-10d illustrated in
Fig 2.10 (a) on page 101 and Fig 2.10 (b) and (a) page 105]

Measurement of intersulcal distances posteriohécainterior ascending ramus presented
no problem. On the other hand, measurement ofsuiteal distances anterior to the anterior
ascending ramus was not as simple. The anteriemdrdal rami sometimes arose from the
orbital surface of the frontal lobe. This meant the intersulcal distance had to be
measured across a curved border. This problem ehasds by eliminating these specimens

from the calculation of intersulcal distances ia ffars triangularis only.

3.2 REPORT ON THE DESCRIPTIVE PART OF

THE PRESENT STUDY

3.2.1 REPORT ON THE ORIENTATING SULCIUSED IN THE
PRESENT STUDY

This section addresses the following question pas&hapter Two:

* What are theincidences of the pertinent features of the fissures and sulci, used
for orientation purposes, in both cerebral hemispheres for ungrouped data (data
prior to classification into Types of Sulcal Connections and Patterns of the

Anterior Rami), in the present study?
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3.21.1 THE CENTRAL FISSURE

The three pertinent features examined for the akfissure were: the pattern of the fissure
as a whole; the shape of the inferior terminatibthe fissure; and the connections of the

fissure at and below the level of the inferior fia@rsulcus.

Three patterns of the central fissure were obseflieese were: continuous, interrupted
with two segments, as well as interrupted withéhsegments (see Table 3.1 on pg 131.
Fig 3.2 (a) on pg 117 shows a central fissure wih segments, Fig 3.3 (a) on pg 118,
shows a continuous central fissure, and Fig 3.1pgh30 shows a central fissure with
three segments. The predominant pattern was tlatohtinuous central fissure in both

hemispheres, as well as in the control- and casegories.

Three shapes of the inferior termination of thetia@rissure were observed. These were
straight, ‘Y’- shaped, and ‘T’ shaped (see TabR& pg 132 as well as Fig 3.9 A and B
on pg 125)The ‘Y’- and ‘T’ shape are inverted as depicted inFig 3.9 on pg 125, but
they are hereafter, in this text, referred to as tke "Y’- and ‘T’ shape (this applies to all
the inferior termnations of the orientating and boundary sulci). The predominant shape
of the inferior termination of the central fisswas straight in both the hemispheres, as

well as in the control- and case- categories.
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Figure 3.10 The three segment form of the centrdissure (CF). The selected area in the figure on
the left has been expanded in the figure on the righo demonstrate the three segments (blue sulci).
Note that the ineriormost segment has a connection withe lateral fissure and is a notch.

[
S

Figure 3.11 Segmetation of the Postcentral- and Rrentral- sulcus. The selected area in the figure on
the left has been expanded in the figure on the righo show the segmentation of the selected sulci. The
postcentral sulcus (yellow) has two segments and the pesdral sulcus (pink) has three segments. The
central fissure is continuous. Note that all three sual have straight inferior terminations, and only the
postcentral sulcus has a connection with the lateraldsure.
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The central fissure, at and below the level ofitterior frontal sulcus was either
connected to adjacent sulci or, it was unconneiti¢idem (see Table 3.3 on pg 132. Fig
3.9 on pg 125 shows a central fissure that lacd@aection with the lateral fissure and Fig
3.10 on pg 130 shows a central fissure connectitigthe lateral fissure). The
predominant feature of its connections at the Hipd level was that it was free of
connections in both hemispheres, as well as icdnérol- and case- categories. It was
otherwise connected to the lateral fissure, infguir@central sulcus, anterior subcentral
sulcus or inferior postcentral sulcus. The onlyreztion of note was that of the central
fissure with the lateral fissure (see Table 3.30r132). An anterior subcentral sulcus is

shown in Fig 3.1 on pg 116 and a posterior subaksticus in Fig 3.2 (a) on pg 117.

Table 3.1 The pattern of the Central Fissure as a whole.

FREQUENCY FREQUENCY
PATTERNS OF THE n (PERCENTAGE) | n (PERCENTAGE)
CENTRAL FISSURE IN THE RIGHT IN THE LEFT
HEMISPHERE HEMISPHERE
CONTROL 65 65
1. Continuous 51 (78.5) 52 (80.0)
2. Interrupted (2 segments) 13 (20.0) 12 (18.5)
3. Interrupted (3 segments) 1(1.5) 1(1.5)
CASE 45 44
1. Continuous 41 (91.1) 40 (90.9)
2. Interrupted (2 segments) 4 (8.9) 4(9.1)
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Table 3.2 The shape of the inferior termination of the Cdrftiasure (close to the

Lateral Fissure).

SHAPE OF THE
TERMINATION OF THE n
CENTRAL FISSURE

CONTROL
1. Straight
2.'Y’
3.T
CASE
1. Straight
2.'Y’

65

45

FREQUENCY
(PERCENTAGE)
IN THE RIGHT
HEMISPHERE

57 (87.7)
7 (10.8)
1(1.5)

36 (80.0)
9 (20.0)

n

FREQUENCY
(PERCENTAGE)
IN THE LEFT
HEMISPHERE

65
44 (67.7)
19 (29.2)
2 (3.1)
45
37 (82.2)
8 (17.8)

Table 3.3 The connectiond of the inferior end of the Central Fissure, at betbw the

level of the Inferior Frontal Sulcus.

CONNECTIONS OF THE
CENTRAL FISSURE n
INFERIORLY WITH:

CONTROL
1. Lateral sulcus

65

2. Inferior precentral sulcus
3. Anterior subcentral sulcus
4. Inferior postcentral sulcus
5. No sulcus

CASE

1. Lateral sulcus

45

2. Inferior precentral sulcus
3. Anterior subcentral sulcus
4. Inferior postcentral sulcus
5. No sulcus

19 Note that it is possible for a sulcus to have mora tivee connection

FREQUENCY
(PERCENTAGE)
IN THE RIGHT
HEMISPHERE

10 (15.4)
1 (1.5)
1(1.5)

0
53 (81.5)

8 (17.8)
2 (4.4)
0
1(2.2)
35 (77.8)

n

FREQUENCY
(PERCENTAGE)
IN THE LEFT
HEMISPHERE

65
8 (12.3)
3 (4.6)
0
1 (1.5)
53 (81.5)
45
4 (8.9)
2 (4.4)
1(2.2)
0
38 (84.4)
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Table 3.4 The frequency of occurrence of the Anterior- andt®wor- Subcentral Sulci

FREQUENCY FREQUENCY
FREQUENCY OF n (PERCENTAGE) | n (PERCENTAGE)
OCCURENCE OF: IN THE RIGHT IN THE LEFT

HEMISPHERE HEMISPHERE
CONTROL 65 65
1. Anterior subcentral present 24 (36.9) 14 (21.5)
2. Posterior subcentral present 9 (13.8) 8 (12.3)
3. Both are present 5(7.7) 14 (21.5)
4. Both are absent 27 (41.5) 29 (44.6)
CASE 45 45
1. Anterior subcentral present 15 (33.3) 11 (24.4)
2. Posterior subcentral present 7 (15.6) 6 (13.3)
3. Both are present 5(11.1) 7 (15.6)
4. Both are absent 18 (40.0) 21 (46.7)

3.2.1.2 THE POSTCENTRAL SULCUS

The three pertinent features examined for the Bosi@ Sulcus were: the pattern of the
sulcus as a whole; the shape of the inferior teation of the sulcus; and the connections

of the sulcus at and below the level of the infefiontal sulcus.

Four patterns of the Postcentral Sulcus were obdeihey were: continuous; interrupted
with two segments, interrupted with three segmaeartd,interrupted with four segments
(the two segment form is shown in Fig 3.11 on p@ 48d the three segment form in

Fig 3.3 (a) on pg 118). The predominant pattern tivasof an interrupted Postcentral

Sulcus in both hemispheres, as well as in the abrand case- categories (see Table 3.5 on
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pg 135). The incidence of the two-segment form grasiter than that of the three-segment
form in the control category, but the reverse was for the case category in the right

hemisphere only.

Three shapes of the inferior termination of thet€®#ral sulcus were observed. These
were: straight, 'Y’- shaped, and ‘T’- shaped (Fi§ 3 and B on page 125 suffices to
illustrate this point). The predominant shape efitiferior termination of the Postcentral
sulcus was straight in both hemispheres, as wetfi tiee control- and case- categories (see

Table 3.6 on pg 135).

The Postcentral sulcus, at and below the levet@inferior Frontal Sulcus was either
connected to adjacent sulci or was unconnecteteto (see Table 3.7 on pg 136). The
predominant connection of the Postcentral sulduseastipulated level, was with the
lateral fissure. It was otherwise (at the stipudd&vel) almost unconnected to other
fissures and sulci (Fig 3.11 on pg 130 shows tmmection with lateral fissure and Fig 3.9

on pg 125 shows the lack of a conection with tier#d fissure).
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Table 3.5 The pattern of the Postcentral Sulcus as a whole.

PATTERN OF THE n
POSTCENTRAL SULCUS

CONTROL 65
1. A continuous sulcus

2. Interrupted (2 segments)

3. Interrupted (3 segments)

4. Interrupted (4 segments)

CASE 45
1. A continuous sulcus

2. Interrupted (2 segments)

3. Interrupted (3 segments)

4. Interrupted (4 segments)

FREQUENCY
(PERCENTAGE)
IN THE RIGHT
HEMISPHERE

6(9.2)

36 (55.4)

17 (26.2)
6(9.2)

5 (11.1)
11 (24.4)
23 (51.1)
6 (13.3)

n

65

44

FREQUENCY
(PERCENTAGE)
IN THE LEFT
HEMISPHERE

10 (15.4)
25 (38.5)
21 (32.3)
9 ((13.8)

4(9.1)
21 (47.7)
16 (36.4)

3(6.8)

Table 3.6 The shape of the inferior termination of the Pasticé¢ Sulcus (close to the

Lateral Fissure).

SHAPE OF TERMINATION
OF THE INFERIOR n
POSTCENTRAL SULCUS

CONTROL 65
1. Straight

2.'Y’

3.T

CASE 45
1. Straight

2.'Y’

3.T

FREQUENCY
(PERCENTAGE)
IN THE RIGHT
HEMISPHERE

54 (83.1)
10 (15.4)
1(1.5)

39 (86.7)
6 (13.3)
0

n

65

44

FREQUENCY
(PERCENTAGE)
IN THE LEFT
HEMISPHERE

58 (89.2)
7 (10.8)
0

37 (84.1)

6 (13.6)
1(2.3)
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Table 3.7 The connections of the inferior end of the PostediBulcus, at and below the

level of the Inferior Frontal Sulcus.

INFERIOR CONNECTIONS

OF THE INFERIOR n
POSTCENTRAL SULCUS

WITH:

CONTROL 65
1. Lateral Fissure (LF)

2. LF and CF

3. No sulcus

CASE 45
1. Lateral Fissure

2.LF and CF

3. No sulcus

FREQUENCY
(PERCENTAGE)
IN THE RIGHT
HEMISPHERE

47 (72.3)
0
18 (27.7)

31 (68.9)
1(2.2)
13 (28.9)

n

65

44

FREQUENCY
(PERCENTAGE)
IN THE LEFT
HEMISPHERE

51 (78.5)
1(1.5)
13 (20.0)

35 (79.5)
0
9 (20.5)

3.2.2 REPORT ON THE BOUNDARY SULCI OF THE FRONTAL

OPERCULUM

This section addresses the following question pasé&hapter Two:

* What are the incidences of the pertinent features of the sulci forming the

superior- and posterior- boundaries of the frontal operculum, in both cerebral

hemispheres for ungrouped data?
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3.2.2.1 THE PRECENTRAL SULCUS

The precentral sulcus was found to be either dessglcus (Fig 3.1 on pg 116) or a double
sulcus (Fig 3.2 on pg 117, Fig 3.3 on pg 118, agdkF.2 on pg 139). The incidences of

these sulci are given in Table 3.8 (on pg 138).

The predominant pattern was that of an interruptedentral sulcus (for both the single-
and double- sulci) in: both hemispheres, as weithdlse control- and case- categories [see
Tables 3.9 (on pg 140), 3.10 (on pg 140), and ®hlpg 142]. The incidence of the three-
segment form was greater than that of the two-faud segment forms, in the control- and
case- categories for the single precentral sulousgth hemispheres. The segmentation of
the single precentral sulcus is illustrated in Big:, on page 116 (2 segment form);

Fig 3.11 on page 130 (3 segment form); and Fig 8rilBage 141 (4 segment form).

Two shapes of the inferior termination of the preca sulci were observed (straight and

‘Y’. The predominant shape of the inferior terminatof the precentral sulci was straight
in: both hemispheres, as well as in the contralt @ase- categories [see Tables 3.12

(on pg 142), 3.13 (on pg 143), and 3.14 (on pg 14&p that the straight from is depicted

Fig 3.9 A and the inverted 'Y’ form in Fig 3.9 Both on pg 125].

The connections of the Inferior Precentral Suletisnd below the level of the inferior
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frontal sulcus [see Tables 3.14 (on pg 143), 3ob5pg 144), and 3.16 (on pg 144)], were

as follows:

» Lateral Fissure only

» Inferior Frontal sulcus only (see Fig 3.9 A on &b

» Inferior Frontal sulcus and the Lateral Fissure (8 3.9 B on pg 125)

» Inferior Frontal Sulcus and the Central Fissure (Sig 3.1 on pg 116)

» Other sulci (anterior ascending ramus, intermedratetal sulcus, anterior

subcentral sulcus)

* Unconnected to other sulci.

The predominant connection of the single precestrius was to the inferior frontal

sulcus only (see Fig 3.1 on pg 116) in both henasgdy and in the control- and the case-

categories. Comment will not be made on generatizdor the anterior- and posterior-

precentral sulci, in view of their small sample roers.

Table 3.8 The Incidence of the Single and Double Precenudi S

PATTERN OF THE
PRECENTRAL n
SULCUS

CONTROL 65
1. Single
2. Double
CASE 45
1. Single
2. Double

FREQUENCY
(PERCENTAGE) | n
IN THE RIGHT
HEMISPHERE

80
93.8
6.2
45
100
0

FREQUENCY
(PERCENTAGE)
IN THE LEFT
HEMISPHERE

90.8
9.2

97.8
2.2
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Figure 3.12 Double Precentral Sulci and the InferoFrontal Sulcus. Figs A-D demonstrate
different aspects of the same specimen.

In Figure A, the white sulcus is the upturned end tthe lateral fissure. The postcentral sulcus
(pink) has two segments, the central fissure (blué3 continuous, and the anterior rami arise
separately from the lateral fissure (green).

In Figure B, note that two approximately parallel silci can be traced, from the lateral fissure
to the longitudinal fissure (between the anterior ami and the central fissure). These two sulci
are therefore the double precentral sulci. The postior precentral sulcus (yellow) has two
segments and the anterior precentral sulcus (purp)ehas three segments. Note that the
intermediate frontal sulcus is depicted in orange.

In Figure C, the inferior frontal sulcus is highlighted in light blue. It has three segments.
There are four superior branches (red). One superiobranch has a pseudoconnection
(broken red) with the intermediate frontal sulcus.There are four inferior branches (dark
blue) into the frontal operculum.

In Figure D, the anterior ascending ramus is highljhted in white and the anterior horizontal
ramus in green. Two accessory sulci can be observigdthe pars opercularis (sulci of the pars
opercularis). One arises from the inferior frontalsulcus (dark blue) and the other notches the
lateral fissure (pink). Two accessory sulci (yellojwcan also be observed in the pars
triangularis (sulci of the pars triangularis). Both arise from the inferior frontal sulcus.
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Table 3.9 The pattern of the Single Precentral Sulcus asaewvh

PATTERN OF THE
SINGLE PRECENTRAL
SULCUS

CONTROL

1. A continuous sulcus

2. Interrupted (2 segments)
3. Interrupted (3 segments)
4. Interrupted (4 segments)
5. Interrupted (5 segments)
CASE

1. A continuous sulcus

2. Interrupted (2 segments)
3. Interrupted (3 segments)
4. Interrupted (4 segments)
5. Interrupted (5 segments)

61

45

FREQUENCY
(PERCENTAGE) | n
IN THE RIGHT
HEMISPHERE

59
1 (1.6)
14 (22.9)
31 (50.8)
14 (22.9)
1(1.6)
44
1(2.2)
7 (15.6)
24 (53.3)
13 (28.9)
0

FREQUENCY
(PERCENTAGE)
IN THE LEFT
HEMISPHERE

1 (1.6)
9 (15.3)

33 (55.9)

15 (25.4)
1(1.6)

1(2.3)
15 (34.1)
19 (43.2)

8 (18.2)
1(2.3)

Table 3.10 The pattern of the Anterior Precentral Sulcus asialev(when the precentral sulcus

occurs as two sulci.

PATTERN OF THE
ANTERIOR PRECENTRAL
SULCUS

CONTROL

1. Interrupted (2 segments)
2. Interrupted (3 segments)
3. Interrupted (4 segments)
4. Interrupted (5 segments)
CASE

1. Interrupted (2 segments)

FREQUENCY
(PERCENTAGE) | n
IN THE RIGHT
HEMISPHERE

1 (25.0)
1 (25.0)
0
2 (50.0)

0

FREQUENCY
(PERCENTAGE)
IN THE LEFT
HEMISPHERE

0

3 (50.0)

3 (50.0)
0

1 (100)
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Figure 3.13 A Four- segment Precentral sulcus andBwvo- segment Inferior Frontal Sulcus.
Note that all four pictures are of the same specinme

In Figure A: The upturned end of the lateral fissure is the white sulcus. The postcentral sulcus
(peach) makes a connection with the lateral fissur@'he continuous central fissure (blue) has
an inverted ‘Y’ inferior termination that has a pseudoconnection with the lateral fissure.

In Figure B, the precentral sulcus (pink) has foursegments. Note that the superiormost
segment notches the longitudinal fissure. The infér frontal sulcus (yellow) has two
segments. Its two superior branches (broken yellowave a connection with the intermediate
frontal sulcus. The anteriormost segment of the irdrior frontal sulcus makes a connection
with the frontomarginal sulcus (purple). Note the pesence of two dimples (white) in the
inferior frontal gyrus.

In Figure C, the connection of the posterior segmerof the inferior frontal sulcus (yellow)
with the inferior precentral sulcus (pink) is emphaised, and so is the connection of the
anterior segment of the inferior frontal sulcus (bioken yellow) to the frontomarginal sulcus.
The anterior rami are highlighted in green.

In Figure D, the only inferior branch of the inferior frontal sulcus (blue) is a sulcus of the pars
triangularis. It lies between the anterior ascendig ramus (green) and the anterior horizontal
ramus (red). An opercular sulcus (peach) joins théermination of the anterior ascending
ramus (green). Note that the posterior dimple doesot join the opercular sulcus.
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Table 3.1T The pattern of the Posterior Precentral Sulcusvalsade (when the

precentral sulcus occurs as two sulci.

PATTERN OF THE
POSTERIOR PRECENTRAL | n
SULCUS

CONTROL 4
1. Continuous

1. Interrupted (2 segments)

2. Interrupted (3 segments)

3. Interrupted (4 segments)

4. Interrupted (5 segments)

CASE 0
1. Interrupted (3 segments)

FREQUENCY
(PERCENTAGE) | n
IN THE RIGHT
HEMISPHERE

0
1 (25.0)

2 (50.0)
1 (25.0)

FREQUENCY
(PERCENTAGE)
IN THE LEFT
HEMISPHERE

1(16.7)
2 (33.3)
1(16.7)
1(16.7)
1(16.7)

1 (100)

Table 3.12 The shape of the inferior termination of the Singtecentral sulcus (close to

the Lateral Fissure). Note that the, diagram ferghape of the inferior termination of the

central fissure aso applies.

SHAPE OF THE

TERMINATION OF THE n
SINGLE PRECENTRAL
SULCUS

CONTROL 61
1. Straight

2.'Y’

3. Other

CASE 45
1. Straight

2.'Y’

FREQUENCY
(PERCENTAGE) | n
IN THE RIGHT
HEMISPHERE

59
47 (77.1)
14 (22.9)
0
44
38 (84.4)
7 (15.6)

FREQUENCY
(PERCENTAGE)
IN THE LEFT
HEMISPHERE

51 (86.4)
5 (8.5)
3 (5.1)

34 (77.3)
10 (22.7)
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Table 3.13 The shape of the inferior termination of the AngefPrecentral Sulcus

SHAPE OF THE FREQUENCY FREQUENCY
TERMINATION OF THE n (PERCENTAGE) | n (PERCENTAGE)
ANTERIOR PRECENTRAL IN THE RIGHT IN THE LEFT
SULCUS HEMISPHERE HEMISPHERE
CONTROL 4 6

1. Straight 4 (100) 5 (83.3)
2.'Y’ 0 1(16.7)
CASE 0 1

1. Straight 0 1 (100)

Table 3.14 The shape of the inferior termination of the PasteéPrecentral Sulcus
(close to the Lateral Fissure). Note that the, diagfor the shape of the inferior

termination of the central fissure aso applies.

SHAPE OF THE FREQUENCY FREQUENCY
TERMINATION OF THE n (PERCENTAGE) | n (PERCENTAGE)
POSTERIOR PRECENTRAL IN THE RIGHT IN THE LEFT
SULCUS HEMISPHERE HEMISPHERE
CONTROL 4 6

1. Straight 3 (75.0) 3 (50.0)
2.Y 1 (25.0) 2 (33.3)

3. Other 0 1 (16.7)
CASE 0 1

1.y 1 (100)
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Table 3.15 The connections of the Single Precentral Sulcuar{dtbelow the level of the

Inferior Frontal Sulcus).

CONNECTIONS OF THE FREQUENCY FREQUENCY
SINGLE PRECENTRAL n (PERCENTAGE) | n (PERCENTAGE)
SULCUS INFERIORLY WITH: IN THE RIGHT IN THE LEFT
HEMISPHERE HEMISPHERE
CONTROL 61 59
1. Inferor Frontal Sulcus (IFS) 32 (52.5) 39 (66.1)
2. Lateral Fissure (LF) only 2(3.3) 0
3.IFS and LF 10 (16.4) 11 (18.6)
4. Total connections for LF 12 (19.7) 11 (18.6)
5. IFS and Central Fissure 2(3.2) 3(5.1)
6. Other sulci 0 2(3.4)
7. No other sulcus 15 (22.9) 4 (6.8)
CASE 45 44
1. Inferor Frontal Sulcus (IFS) 29 (64.4) 30 (68.2)
2. Lateral Fissure (LF) only 3(6.7) 0
3.IFS and LF 2 (4.4) 6 (13.6)
4. Total connections for LF 5(11.1) 6 (13.6)
5. IFS and Central Fissure 0 1(2.3)
6. Other sulci 5(11.1) 1(2.3)
7. No other sulcus 6 (13.3) 6 (13.6)

Table 3.168 The connections of the inferior end of the AnteRoecentral Sulcus (close to

the Lateral Fissure) when the precentral sulcpsdasent as two sulci.

CONNECTIONS OF THE FREQUENCY FREQUENCY
ANTERIOR PRECENTRAL n (PERCENTAGE) n (PERCENTAGE)
SULCUS INFERIORLY WITH: IN THE RIGHT IN THE LEFT
HEMISPHERE HEMISPHERE
CONTROL 4 6
1. Inferior Frontal Sulcus (IFS) 1 (25.0) 1(16.7)
2. Lateral Fissure (LF) 1(25.0) 1(16.7)
3.IFS and LF 0 2 (33.3)
2. Other sulci 1 (25.0) 1(16.7)
3. No other sulcus 1 (25.0) 1(16.7)
CASE 0 1
1. Lateral Fissure 0 1 (100)
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Table 3.17 The connections of the inferior end of the Postdfi@central Sulcus

(close to the Lateral Fissure) when the precestrigus is present as two sulci.

CONNECTIONS OF THE FREQUENCY FREQUENCY

ANTERIOR PRECENTRAL n (PERCENTAGE) n (PERCENTAGE)

SULCUS INFERIORLY WITH: IN THE RIGHT IN THE LEFT
HEMISPHERE HEMISPHERE

CONTROL 4 6

1. Lateral Fissure (LF) 2 (50.0) 1(16.7)

1. Inferior Frontal Sulcus (IFS) 1 (25.0) 2 (33.3)

1. IFS and LF 1 (25.0) 0

2. Any other sulcus 0 1(16.7)

3. No other sulcus 0 2 (33.3)

CASE 0 1

1.IFS and LS 0 1 (100)

3.2.2.2 _THE INFERIOR FRONTAL SULCUS

The four pertinent features examined for the ifefiontal sulcus were: the pattern of the
sulcus as a whole; the connections of the posteridrof the sulcus; the total number of
branches into the frontal operculum; and the emtsteof the accessory sulci (opercular and

triangular) as branches.

The three predominating patterns, in both hemisggghemnd in the control- and case-
categories, of the inferior frontal sulcus (seel&&18 on pg 146) were: interrupted with
two segments (Fig 3.13 on pg 141) and interruptit three segments (Fig 3.12 on pg

139), followed by continuous (Figs 3.1 on pg 116).
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The posterior end of the inferior frontal sulcugsdound to be predominantly connected
to the single inferior precentral sulcus [see TalB49 (on pg 147), and Fig 3.1
(on pg 116)]. It was also found to have a connediiothe inferior part of the anterior

precentral sulcus, in the left hemisphere (conwaly.

Only rarely did the inferior frontal sulcus, nonsea branch into the frontal operculum (see
Table 3.20 on pg 147). It frequently had accessalgi as branches (see Table 3.21 on pg
148 and Fig 3.12 on pg 139). Branches other thamaticessory sulci occurred: at the same
vertical level as the anterior rami [in which césey were not recorded as accessory sulci

(see Fig 3.4 (b) on pg 119)]; or as branches megpiars orbitalis.

Table 3.18 The pattern of the inferior frontal sulcus as a l&ho

PATTERN OF THE FREQUENCY FREQUENCY
INFERIOR FRONTAL n (PERCENTAGE) | n (PERCENTAGE)
SULCUS IN THE RIGHT IN THE LEFT
HEMISPHERE HEMISPHERE
CONTROL 64 64
1. A continuous sulcus 15 (23.4) 22 (34.4)
2. Interrupted (2 segments) 29 (45.3) 24 (37.5)
3. Interrupted (3 segments) 18 (28.1) 14 (21.9)
4. Interrupted (4 segments) 2(3.1) 4 (6.3)
CASE 44 45
1. A continuous sulcus 6 (13.6) 8 (17.8)
2. Interrupted (2 segments) 18 (40.9) 20 (44.4)
3. Interrupted (3 segments) 18 (40.9) 11 (24.4)
4. Interrupted (4 segments) 2 (4.5) 5(11.1)
5. Interrupted (5 segments) 0 1(2.2)

146



Table 3.19 The connections of the posterior end of the inferiontal sulcus with the

inferior precentral sulcus (IPRCS) or inferior peatral sulcus anterior (IPR@S

CONNECTIONS OF THE FREQUENCY FREQUENCY

INFERIOR FRONTAL SULCUS | n (PERCENTAGE) n (PERCENTAGE)

POSTERIORLY WITH: IN THE RIGHT IN THE LEFT

HEMISPHERE HEMISPHERE

CONTROL 64 65

1.IPRCS 43 (67.2) 57 (87.8)

2.IPRCS, 0 2(3.1)

3. No connection with IPRCS or 21 (32.8) 6 (9.2)
IPRCS,

CASE 45 45

1.IPRCS 34 (75.6) 37 (82.2)

2. No connection with IPRCS or 11 (24.4) 8 (17.8)
IPRCS,

Table 3.20 The total number of branches of the inferior fréstdcus into the frontal

operculum.

TOTAL NUMBER OF FREQUENCY FREQUENCY
INFERIOR BRANCHES OF n (PERCENTAGE) | n (PERCENTAGE)
THE INFERIOR FRONTAL IN THE RIGHT IN THE LEFT
SULCUS HEMISPHERE HEMISPHERE
CONTROL 63 63

1. One 11 (17.5) 11 (17.5)
2. Two 19 (30.2) 23 (36.5)
3. Three 25 (39.7) 20 (31.7)
4. Four 7 (11.2) 7(11.1)
5. Five 0 1(1.6)
6. None 1(1.6) 1(1.6)
CASE 44 45

1. One 12 (27.3) 6 (13.3)
2. Two 14 (31.8) 15 (33.3)
3. Three 11 (25.0) 20 (44.4)
4. Four 7 (15.9) 2(4.4)
5. Five 0 1(2.2)
6. None 0 1(2.2)
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Table 3.21 The incidence of the accessory sulci as branch#seahferior frontal sulcus

(including notches).

ACCESSORY SULCI AS FREQUENCY FREQUENCY

BRANCHES OF THE INFERIOR | n (PERCENTAGE) n (PERCENTAGE)

FRONTAL SULCUS IN THE RIGHT IN THE LEFT
HEMISPHERE HEMISPHERE

CONTROL

1. Opercular sulcus as a branch | 64 28 (43.8) 64 16 (25.0)

2. Triangular sulcus as a branch | 64 44 (68.8) 64 47 (73.4)

CASE

1. Opercular sulcus as a branch | 45 21 (46.7) 45 19 (42.2)

2. Triangular sulcus as a branch 36 (80.0) 34 (75.6)

3.2.3 REPORT ON THE SULCI OF THE FRONTAL OPERCULUM

This section addreses the following question pasé&thapter Two:

* What are the incidences of the pertinent featuféseomajor- and accessory- sulci
[see Figs 1.7, pg 15 and 1.12, pg 43yall as section 2.8.2 (e-h), pages 93 - 96] in

the frontal opercula of both cerebral hemisphdisingrouped data?

Notethat ungrouped dateefers to data prior to its grouping accordingitber the types

of sulcal connections, or the patterns of the amteami.
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3.2.3.1 REPORT ON THE MAJOR SULCI OF THE FRONTAL OPERCULUM

The three pertinent features that were examineddoh of the sulci of the frontal
operculum were, in general: the frequency of o@noe of the sulci, the shape of the sulci;
and the connections of the sulci. The locatiorhefdnterior horizontal ramus was also
examined. Note that the features of the stem oétiterior rami were not explored, as it

generally occurred as a small and straight sulcus.

(a) THE ANTERIOR ASCENDING RAMUS

The anterior ascending ramus appeared to be aceestant sulcus in the frontal
operculum [see Table 3.22 on pg 150; and Fig $1lp(p116), Fig 3.15 and Fig 3.16 (on
pg 152]. It was absent to the same extent (althaegprarely) in both hemispheres in the
control category. It was found to be absent inl¢ftthemisphere only, in the case category

(see Fig 3.5 on pg 120).

Seven shapes were observed for the anterior asgerainus. These were: straight,
concave anteriorly, concave posteriorly, concayesarly, concavo-convex, concavo-
concave, and curvilinear. Its predominant shapestragght, followed by concave
anteriorly and concave posteriorly in both hemispiend in the control- and case
categories (see Table 3.23 on pg 153, and FigdhJgh 151). Note that the curvatures

ranged from slight to pronounced.
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The primary connections of the anterior ascendamyus, were either to the lateral sulcus
only (Fig 3.1 on pg 116) or to the stem of the aateami only (Fig 3.9 A and B no pg
125), in both hemispheres and in the control- aas categories (see Table 3.24 on pg
154). The connection of the anterior ascending stauhe Inferior Frontal Sulcus (see Fig
3.16 on pg 152) was not observed in the case aatelgowever, a new connection was
observed in the case category, that of the antasoending ramus with the inferior frontal
sulcus, via the triangular sulcus. Other connestianluded those of the anterior ascending
ramus to both the: Stem and the Opercular sulcaigral Fissure and the Opercular sulcus

[see Fig 3.14 (c) on pg 151]; Lateral Fissure dadibferior Precentral Sulcus.

Table 3.22 The frequency of occurrence of the Anterior AscagdRamus (AAR).

FREQUENCY OF FREQUENCY FREQUENCY

OCCURRENCE OF THE n (PERCENTAGE) | n (PERCENTAGE)

AAR IN THE RIGHT IN THE LEFT
HEMISPHERE HEMISPHERE

CONTROL 65 65

1. Presence 64 (98.5) 64 (98.5)

2. Absence 1(1.5) 1(1.5)

CASE 45 45

1. Presence 44 (97.8) 45 (100)

2. Absence 1(2.2) 0
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Figure 3.14 (a)

The anterior ascending
ramus (green) and the
sulcus of the pars
triangularis (blue) are
concave posteriorly. The
head of the office pinis in
the central fissure.

Figure 3.14 )

The anterior ascending
ramus (pink) is more or
less concave superiorly,
most of it faces the
inferior frontal sulcus.
The head of the office pin
is in the central fissure.

Figure 3.14 (c)

The anterior horizontal
ramus (blue) is straight,
the anterior ascending
ramus (yellow) is concave
anteriorly, as well as the
opercular sulcus (green).
The head of the office pin
is in the central fissure.

Figure 3.14 (d)

The head of the office pin is
in the precentral sulcus.
The anterior ascending-
(pink)and the anterior
horizontal- (green) rami are
concavoconvex. The
opercular sulcus is
diagonally disposed.

Figure 3.14 Selected shapes of sulci in the frontaperculum. The selected sulci have been
traced in each of the right hand pictures only, sas to enable comparison with the
corresponding sulci in the left hand pictures.
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Figure 3.15 The predominance of the anterior horizotal ramus over the anterior
ascending ramus.

In the Figure on the left: the upturned end of the dteral fissure (white) is followed
successively, from posterior to anterior, by the pstcentral sulcus (peach), the central
fissure (CF), and the precentral sulcus (green). Thevo- segment form of the inferior
frontal sulcus (light blue) has three superior brarches and two inferior branches (dark
blue). The pars orbitalis shows a posterior incipiet sulcus (white) and an anterior
dimple (white). The ventrorostral boundary of the pars orbitalis is marked by the
frontomarginal sulcus (purple). The selected areanithe Figure on the left has been
expanded in the Figure on the right to demonstratéhe existence of the anterior
ascending ramus (green) as a notch. The anterior Haontal ramus therefore
predominates over the anterior ascending ramus. Netthat a sulcus of the pars
triangularis descends between the two anterior rami

Figure 3.16 A Connection of the anterior ascendingamus with the inferior frontal
sulcus (IFS). In the Figure on the left, the precenal sulcus is highlighted in green and
the four segment IFS in light blue. The IFS has thresuperior and two inferior
branches (dark blue). The selected area in the Figaron the left has been expanded in
the Figure on the right in order to highlight the conection of the anterior ascending
ramus (pink) with the IFS. This is in contrast to he notch depicted in Fig 3.15 above.
The anterior horizontal ramus (red in the Figure onthe right) is almost as long.
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Table 3.23 The Shape of the Anterior Ascending Ramus (AARJ aghole.

FREQUENCY FREQUENCY
SHAPE OF THE AAR n (PERCENTAGE) | n (PERCENTAGE)
IN THE RIGHT IN THE LEFT
HEMISPHERE HEMISPHERE
CONTROL 64 64
1. Straight 30 (46.9) 32 (50.0)
2. Concave anteriorly 13 (20.3) 13 (20.3)
3. Concave posteriorly 14 (21.9) 13 (20.3)
4. Concave superiorly 1(1.6) 0
5. Concavo-convex 5(7.8) 5(7.8)
6. Concavo-concave 1(1.6) 1(1.6)
CASE 44 45
1. Straight 20 (45.5) 18 (40.0)
2. Concave anteriorly 13 (29.5) 10 (22.2)
3. Concave posteriorly 8 (18.2) 10 (22.2)
4. Concave superiorly 1(2.3) 0
5. Concavo-convex 1(2.3) 6 (13.3)
6. Concavo-concave 0 1(2.2)
7. Curvilinear 1(2.3) 0

(b) THE ANTERIOR HORIZONTAL RAMUS

The anterior horizontal ramus also appears to\mryaconstant sulcus in the frontal
operculum. It was not absent in the control catggout was very rarely absent in the left
hemisphere only, in the case category (see TaBedh pg 154). The frequency of its
location: on the lateral surface (Fig 3.1 on pg)ib6at the orbital margin (Fig 3.17 on pg
157); or on the orbital surface (Fig 3.18 on pg)l&the frontal lobe, varied (see Table
3.25 on pg 154). It was located predominantly @nl#tteral surface in both hemispheres in

the control category. Its location at the orbitargin, was more likely to be seen in the left
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Table 3.24 The connections of the Anterior Ascending RamusRAA

CONNECTIONS OF THE AAR
WITH:

CONTROL

1. Stem of (AAR and AHR) only
. Lateral fissure (LF) only

. Stem and Opercular sulcus

. LF and Opercular sulcus

a b~ WD

. LF and the Inferior Frontal
Sulcus

6. LF and Inferior Precentral
Sulcus

CASE

1. Stem of (AAR and AHR) only
2. Lateral fissure (LF) only

3. Stem and Opercular sulcus
4. LF and Opercular sulcus

5. Other

64

44

FREQUENCY
(PERCENTAGE)
IN THE RIGHT
HEMISPHERE

22 (34.4)
35 (54.7)
2 (3.1)
5 (7.8)
0

0

10 (22.7)
27 (61.4)
0
6 (13.6)
1(2.3)

n

64

45

FREQUENCY
(PERCENTAGE)
IN THE LEFT
HEMISPHERE

25 (39.1)
32 (50.0)
0
5 (7.8)
1(1.6)

1(1.6)

17 (37.8)
17 (37.8)
2 (4.4)
9 (20.0)
0

Table 3.25 The frequency of occurrence and location of theeAat Horizontal Ramus

(AHR).

FREQUENCY OF
OCCURRENCE OF THE AHR

CONTROL

1. Present on lateral surface
2. Present at orbital margin
3. Present on orbital surface
4. Absent

CASE

1. Present on lateral surface
2. Present at orbital margin
3. Present on orbital surface
4. Absent

n

65

45

FREQUENCY
(PERCENTAGE)
IN THE RIGHT
HEMISPHERE

27 (41.5)

19 (29.2)

19 (29.2)
0

15 (33.3)

14 (31.1)

16 (35.6)
0

65

45

FREQUENCY
(PERCENTAGE)
IN THE LEFT
HEMISPHERE

31 (47.7)

24 (36.9)

10 (15.4)
0

14 (31.1)

22 (48.9)
8 (17.8

1(2.2)
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hemisphere, in the control- and case- categottie$odation on the orbital surface, on the
other hand, was more likely to be seen in the fiigimisphere, in the control- and case-

categories.

Table 3.26 The shape of the Anterior Horizontal Ramus (AHRaasghole.

FREQUENCY FREQUENCY
SHAPE OF THE AHR n (PERCENTAGE) | n (PERCENTAGE)

IN THE RIGHT IN THE LEFT

HEMISPHERE HEMISPHERE
CONTROL 65 65
1. Straight 48 (73.8) 36 (55.4)
2. Concave anteriorly 1(1.5) 5(7.7)
3. Concave posteriorly 4 (6.2) 9 (13.8)
4. Concave superiorly 0 6 (9.2)
5. Concave inferiorly 1(1.5) 3 (4.6)
6. Concave medially 6 (9.2) 2(3.1)
7. Concavo-convex 5(7.7) 4 (6.2)
CASE 45 44
1. Straight 31 (68.9) 17 (38.6)
2. Concave anteriorly 1(2.2) 3 (6.8)
3. Concave posteriorly 6 (13.3) 9 (20.5)
4. Concave superiorly 4 (8.9) 5(11.4)
5. Concave inferiorly 0 4 (9.1)
6. Concavo-convex 3(6.7) 6 (13.6)

Seven shapes of the anterior horizontal ramus wleserved. These were: straight, concave
anteriorly, concave posteriorly, concave concayesarly, concave inferiorly, concave
medially, and concavo-convex. The shape of conosedially was not observed in the

case category. The predominant shape of the antei@ontal ramus was straight in both
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hemispheres and in the control- and case- categ(@@e Table 3.26 on pg 155. Fig 3.14 on

page 151 shows a few selected shapes). Note thattkiatures ranged from slight to

pronounced.

Table 3.27 The connections of the Anterior Horizontal Ramus

CONNECTIONS OF THE AHR PERCENTAGE PERCENTAGE

WITH: n IN THE RIGHT IN THE LEFT
HEMISPHERE HEMISPHERE

CONTROL 65 65

1. Stem only 24 (36.9) 24 (36.9)

2. Lateral fissure (LF) only 38 (58.5) 37 (56.9)

3. Stem and Frontorbital sulcus 0 1(1.5)

4. LF and Frontorbital sulcus 3(4.6) 2(3.1)

5. Frontomarginal sulcus 1(1.5) 0

6. LF and Inferior Frontal 0 1(1.5)

sulcus

CASE 45 44

1. Stem only 11 (24.4) 20 (45.5)

2. Lateral fissure (LF) only 34 (75.6) 23 (52.3)

3. LF and Inferior Frontal 0 1(2.3)

sulcus

Six connections were observed for the anteriordooital ramus, that with the: lateral
fissure stem of the anterior rami, stem and froriibal sulcus, lateral fissure and
frontoorbital sulcus, frontomarginal sulcus, ashaslwith the lateral fissure and the

inferior frontal sulcus. The predominant connectdithe anterior horizontal ramus was to
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Figure 3.17 Location of the anterior horizontal ranus at the orbital margin. In the Figure
on the left, the posterior segment of the inferiofrontal sulcus (IFS, light blue) has a
connection with the inferior precentral sulcus. ThelFS as a whole has three superior
branches and two inferior branches. Note that the mteriormost superior branch of the IFS
is continuous with the frontomarginal sulcus (pink) The selected area in the Figure on the
left has been slightly rotated and expanded in thEigure on the right, in order to
demonstrate the anterior rami more clearly. There $ a stem (red), an anterior ascending
ramus (green), and an anterior horizontal ramus (ykow). Note that the anterior ascending
ramus is barely visible in the figure on the leftThe posterior descending branch from the
IFS (broken blue in the Figure on right) occurs at aproximately the same vertical level as
the anterior ascending ramus, and is therefore claffied as a boundary sulcus. The anterior
descending branch of the IFS is a sulcus of the patriangularis. The sulcus that appeared
as though it was the anterior ascending ramus in #Figure on the left is now classified, as a
sulcus of the pars opercularis (peach in the Figuren the right).

Figure 3.18 Location of the anterior horizontal ranus (AHR) on the orbital surface. The
Figure on the left has been rotated and expanded e Figure on the right in order to
demonstrate the AHR. In both Figures, the inferiorfrontal sulcus (IFS, light blue) has a
posterior connection with the inferior precentral aulcus (peach). The anterior ascending
ramus (green in the Figure on left) is on the laterasurface, while the AHR (red arrow in
Figure on the right) is on the orbital surface. Thesulcus of the pars triangularis (white) and
the frontomarginal sulcus (purple) descend into thepars triangularis.
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Figure 3.19 Infrequent connections of the anteriorami. The postcentral sulcus (ii) is
anterior to the upturned end of the lateral fissure(i). The head of an office pin is visible in
the central fissure (CF). The precentral sulcus (l®w) is highlighted in the Figure on the
right. The inferior frontal sulcus (IFS, light blue) has: three segments, three superior
branches and one inferior branch. There is a shorstem of the anterior rami (red). The
anterior ascending ramus is connected to both thdesn and the IFS. The anterior
horizontal ramus (pink) is connected to both the m and the fronto-orbital sulcus (purple).
The opercular sulcus (white) is concave posteriorlyfNote that there are two anterior
incipient sulci and one posterior dimple, in the ifierior frontal gyrus].

Figure 3.20 Accessory Sulci.

In Figure A, the head of an office pin can be sedn the central fissure. The following sulci
are highlighted: upturned end of lateral fissure (white); postcentral sulcus (peach);
precentral sulcus (light blue). In Figure B, two acessory sulci arise from the inferior frontal
sulcus (IFS), which is yellow in colour. The operdar sulcus (white) descends between the
anterior ascending ramus and the inferior precentrasulcus, from the IFS. Two small
measurable dimples (light blue) lie unattached inhe pars triangularis (on either side of the
sulcus of the pars triangularis descending from théFS). All three lie between the anterior
ascending ramus (green) and the anterior horizontalamus (purple). In this specimen, there
are therefore four accessory sulci: three triangulaand one opercular.
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the lateral fissure, followed by the connectionhe stem. The connections of the anterior
horizontal ramus to the fronto-orbital and frontegiaal sulci were not observed in the

case category.

3.2.3.2 REPORT ON THE ACCESSORY SULCI OF THE FRONTAL
OPERCULUM

(a) THE OPERCULAR SULCUS (SULCI)

The opercular sulcus was present as either a gisgle) sulcus or as a double sulcus (see
Fig 3.20 (on pg 158) and Fig 3.21 (on pg 160) retpey, as well as Table 3.28 below)
in both hemispheres and in the control- and castegories. The opercular sulcus was

otherwise absent (see Fig 3.1 on pg 116).

Table 3.28 The frequency of occurrence of the Opercular sudawsthe number of such

sulci when it is present as more than one sulcus

FREQUENCY OF FREQUENCY FREQUENCY
OCCURRENCE OF THE n (PERCENTAGE) | n (PERCENTAGE)
SOLE- AND MULTIPLE- IN THE RIGHT IN THE LEFT
OPERCULAR SULCI HEMISPHERE HEMISPHERE
CONTROL 65 - 65 -

1. Present as one sulcus 30 (46.2) 27 (41.5)
2. Present as two sulci 10 (15.4) 7 (10.8)
3. Absent 25 (38.5) 31 (47.7)
CASE 44 - 45 )

1. Present as one sulcus 25 (56.8) 22 (48.9)
2. Present as two sulci 5(11.4) 10 (22.2)
3. Absent 14 (31.8) 13 (28.9)

159



Figure 3.21 A Case of Double Opercular Sulci and Single Triangular Sulcus. Figs A-D
demonstrate different features of the same specimen

In Figure A, the orientating sulci are: the upturned end of the lateral fissure (white); the
postcentral sulcus (peach); and the central fissur@ight blue).

In Figure B, the precentral sulcus is highlightedm pink. The continuous inferior frontal
sulcus (light yellow) has four superior branches (dshed white) and three inferior banches
(solid white).

In Figure C, the specimen has been rotated in ordeo expose the frontal operculum more
fully. Note the orbital origin of the anterior hori zontal ramus.

In Figure D, the major and accessory sulci are higighted. The major sulci are the
anterior ascending ramus (AAR, green in colour) andhe anterior horizontal ramus

(AHR, red in colour). There are two accessory suldietween the inferior precentral sulcus
(pink) and the AAR (green). The posterior opercularsulcus (light blue) arises from the
inferior frontal sulcus (white). The anterior opercular sulcus (yellow) does not quite reach
the lateral fissure. It therefore lies unattachedftee) in the pars opercularis. The sulcus of
the pars triangularis (accessory sulcus, dark bluedescends from the inferior frontal
sulcus between the anterior ascending ramus (greeahd the anterior horizontal ramus
(red).
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Five shapes were observed for the sole operculeuisin both hemispheres and in the

control category. These were: straight, diagoraicave anteriorly, concave posteriorly,

and concavo-convex. An additional shape, concavaee was present in the case

category. The predominant shapes of the sole olaersulcus (see Table 3.29 below)

were:

» Concave anteriorly [Fig 3.14 (c) on pg 151], in thght hemisphere in the control-

and case- categories, and

» Diagonal [Fig 3.14 (d) on pg 151] followed by comeanteriorly in the left

hemisphere, in the control- and case- categories.

Note that the curvatures ranged from slight to ptorced.

Table 3.29 The shape of the Opercular sulcus when it is ptedene.

SHAPE OF THE SOLE n
OPERCULAR SULCUS

CONTROL 30
1. Straight

2. Diagonal

3. Concave anteriorly

4. Concave posteriorly

6. Concavo-convex

CASE 25
1. Straight

2. Diagonal

3. Concave anteriorly

4. Concave posteriorly

6. Concavo-convex

7. Concavo-concave

FREQUENCY
(PERCENTAGE) | n
IN THE RIGHT
HEMISPHERE

2 (6.7)
8 (26.7)
17 (56.7)
1(3.3)
2 (6.7)
5 (20.0)
4 (16.0)
11 (44.0)
2 (8.0)
2 (8.0)
1 (4.0)

FREQUENCY
(PERCENTAGE)
IN THE LEFT
HEMISPHERE

27 -
5 (18.5)
9 (33.3)
6 (22.2)
4 (14.8)
3 (11.1)
22 -
2 (9.1)
10 (45.5)
8 (36.4)
2 (9.1)
0
0
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The connections observed for the sole operculausuylsee Table 3.31 on pg 164) in the

control category were to the:

» Lateral Fissure only [see Fig 3.19 on pg 158]

» Anterior Ascending Ramus only [see Fig 3.14 (c) @jdon pg 151]

» Inferior Frontal sulcus only [see Fig 3.3 (b) onId$]

e Stem only

» Inferior Precentral Sulcus only

» Anterior Ascending Ramus and to the Inferior Frbatdcus

» Inferior Frontal sulcus and the Lateral Fissure[B&gy 3.12 (d) on pg 139]
« Stem and the Inferior Frontal sulcus

» Unconnected (Free) in the pars opercularis [se& ity (d) on pg 160]

The connection of the sole opercular sulcus testam only was not observed in the case
group. But, a new connection was reported for fhereular sulcus in the case category.
This was to the Intermediate frontal sulcus. Tredpminant connection in the control
category was to the inferior frontal sulcus, intbbemispheres. Also, the opercular sulcus
was slightly more likely to be: unconnected (freedhe right hemisphere; and connected to
the lateral fissure in the left hemisphere (in¢batrol category). There appeared to be a

slightly more even spread of connections for theeazategory (see Table 3.31 on pg 164).

The small sample numbers for the first- and secopéd+cular sulci have probably resulted
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in a greater variability in the incidence of thelrapes and connections as presented in

Tables 3.30 (on pg 163) and 3.32 (on pg 165).

Table 3.30 The shape of the Opercular sulcus when it was pt@setwo sulci, see

Fig, pg . First Opercular (Op1), Second Opercular(Opy).

SHAPE OF THE DOUBLE
OPERCULAR SULCI:

CONTROL
. Straight First Opercular (Op;)
. Straight Second OperculaOpy,)
. Opy diagonal in shape
. Op, diagonal in shape
. Opy concave anteriorly

.. Op. concave posteriorly
. Op, concave posteriorly
. Op: concave superiorly
.Op; concavoconvex
CASE
1. Straight First Opercular (Op,)

1
2
3
4
3
4. Op, concave anteriorly
5
6
7
8

. Straight Second OperculaOp,)
. Op, diagonal in shape

. (Op,) diagonal in shape

. Opy concave anteriorly

. (Opy) concave anteriorly

. Op. concave posteriorly

. (Opy) concave posteriorly

. Op, concave superiorly

. Op, concavo-convex

. Op, concavo-concave

10

ool ool o0 O 01 O 01 U1

FREQUENCY
(PERCENTAGE)
IN THE RIGHT
HEMISPHERE

3 (30.0)

3 (30.0)
2 (20.0)

3 (30.0)
2 (20.0)

1 (10.0)
3 (30.0)

2 (20.0)

1(10.0)

1 (20.0)
1 (20.0)

2 (40.0)
2 (40.0)

2 (40.0)
1 (20.0)
1 (20.0)
0

n

10
10
10
10
10

10

10
10
10
10

10

FREQUENCY
(PERCENTAGE)
IN THE LEFT
HEMISPHERE

4 (57.1)

2 (28.6)
1 (14.3)

2 (28.6
1(14.3)

2 (28.6)

1(14.3
0

1 (14.3)
2 (20.0)

1 (10.0)
2 (20.0)

2 (20.0)
3 (30.0)

6 (60.0)
1 (10.0)

1 (10.0)
0
1 (10.0)
1 (10.0)
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Table 3.3 The connections of the opercular sulcus whenptésent alone.

CONNECTIONS OF THE SOLE
OPERCULAR SULCUS WITH: | n

CONTROL 30
1. Lateral Fissure (LF)

. AAR"

. Inferior Frontal sulcus (IFS)

. AAR and IFS

. IFS and LF

. Stem

. Stem and IFS

. Inferior Precentral sulcus

O 0 N O 0 b~ WDN

. Free (unconnected)

CASE 25
1. Lateral Fissure (LF)

. AAR

. Inferior Frontal sulcus (IFS)
. AAR and IFS

. IFS and LF

. Stem

. Free (unconnected)

. Stem and IFS

. Intermediate Frontal sulcus

0 O N OO~ WDN

1 AAR is the anterior ascending ramus

FREQUENCY

(PERCENTAGE)
IN THE RIGHT

HEMISPHERE
2 (6.7)
4 (13.3)

15 (50.0)
1(3.3)
0
0
1(3.3)
1(3.3)
6 (20.0)
5 (20.0)
6 (24.0)
5 (20.0)
1 (4.0)
0
0
6 (24.0)
1 (4.0)
1 (4.0)

n

27

22

FREQUENCY
(PERCENTAGE)
IN THE LEFT
HEMISPHERE

7 (25.9)
4 (14.8)
9 (33.3)
0
2 (7.4)
1(3.7)
0
0
4 (14.8)
0
6 (27.3)
8 (36.4)
3 (13.6)
1 (4.5)
1 (4.5)
3 (13.6)
0
0
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Table 3.32 The connections of the Opercular sulcus whengtésent as two sulci

[First Opercular (Op1), Second Opercular(Op>).

CONNECTIONS OF THE FIRST
AND SECOND OPERCULAR n
SULCI WITH:

CONTROL 10
. Opand Lateral Fissure

. Opzand Lateral Fissure

. Op;, and AAR

. Op; and AAR

. Oprand Inferior Frontal Sulcus

. Op; and Inferior Frontal Sulcus

. Oprand Stem

. Op; and Stem

. Free (unconnected) Op

10. Free (unconnected) Op

CASE S
1. Op,and Lateral Fissure

OO N O 0Bl W N -

2. Opand Lateral Fissure

3. Opy and Anterior Ascending
Ramus

4. Op, and Anterior Ascending
Ramus

. Opyand Inferior Frontal Sulcus
. Opz and Inferior Frontal Sulcus
. Oprand Stem
. Op; and Stem

O 00 N o O

. Free (unconnected) Op
10. Free (unconnected) Op
11. Other connections for Op

FREQUENCY FREQUENCY
(PERCENTAGE) | n | (PERCENTAGE)
IN THE RIGHT IN THE LEFT
HEMISPHERE HEMISPHERE
7 -
0 0
2 (20.0) 2 (28.6)
1 (10.0) 1(14.3)
3 (30.0) 0
7 (70.0) 6 (85.7)
2 (20.0) 1(14.3)
0 0
1 (10.0) 1(14.3)
2 (20.0) 0
2 (20.0) 3 (42.9)
10 -
0 0
2 (40.0) 0
1 (20.0) 2 (20.0)
0 1 (10.0)
2 (40.0) 7 (70.0)
1 (20.0) 1 (10.0)
0 0
0 2 (20.0)
2 (40.0) 1 (10.0)
2 (40.0) 4 (40.0)
0 2 (20.0)
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(b) THE TRIANGULAR SULCI

The triangular sulcus was found to be present assattus (Fig 3.21 on pg 166)or as

two sulci [Fig 3.12 (d) on pg 139] or as thre¥ sulci (Fig 3.20 on pg 158). This sulcus

was otherwise absent. The incidences of these adgresented in Table 3.33, below.

Table 3.33 The frequency of occurrence of the Triangular ssilead the number of

such sulci when it was present as more than omesul

FREQUENCY OF
OCCURRENCE OF THE n
SOLE- AND MULTIPLE-
TRIANGULAR SULCI

CONTROL 64
1. Present as one sulcus

2. Present as two sulci

3. Present as three sulci

4. Absent

CASE 44
1. Present as one sulcus

2. Present as two sulci

3. Present as three sulci

4. Absent

12 sole triangular sulcus (when the triangular sulcus pvasent as one sulcus

FREQUENCY
(PERCENTAGE) | n
IN THE RIGHT
HEMISPHERE

- 65
34 (53.1)
16 (25.0)
4 (6.3)
10 (15.6)
- 45
23 (52.3)
18 (40.9)
0
3(6.8)

FREQUENCY
(PERCENTAGE)
IN THE LEFT
HEMISPHERE

36 (55.4)
16 (24.6)
5(7.7)

8 (12.3)
23 (51.1)
14 (31.1)
5 (11.1)

3(6.7)

13 anterior- and posterior- triangular sulci, whenti@ngular sulcus was present as two sulci
14 anterior-, middle-, and posterior- triangular sueien the triangular sulcus was present as three sulci
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Four shapes were observed for the sole triangulaus. These were straight, concave
anteriorly, concave posteriorly, and concavo-conueboth hemispheres and in the
control- and case- categories. An additional shq@e'Y’ shape was seen in the case
category. The predominant shape for these sul@apo be straight (see Tables 3.34,
3.35, and 3.36 on pages 167, 168, and 169 respbgtia both hemispheres as well as in
the control- and case- categories. The exceptitmeisniddle triangular sulcus in the right
hemispheres of the control- and case categorieseTis an even spread of shapes for the
middle triangular sulcus in the right hemispheréhie control category (this sulcus is
absent in the right hemisphere in the case cat@g¥ote that the curvatures ranged from

slight to pronounced.

Table 3.34 The shape of the Triangular sulcus when it wasgnteslone.

FREQUENCY FREQUENCY
SHAPE OF THE SOLE n (PERCENTAGE) | n (PERCENTAGE)
TRIANGULAR SULCUS IN THE RIGHT IN THE LEFT

HEMISPHERE HEMISPHERE
CONTROL 34 36
1. Straight 21 (61.8) 26 (72.2)
2. Concave anteriorly 4 (11.8) 2 (5.6)
3. Concave posteriorly 6 (17.6) 5 (13.9)
4. Concavo-convex 3(8.8) 3 (8.3)
CASE 23 - 23 -
1. Straight 15 (65.2) 16 (69.6)
2. Concave anteriorly 2 (8.7) 2 (8.7)
3. Concave posteriorly 3 (13.0) 2 (8.7)
4. Concavo-convex 2(8.7) 1(4.3)
5. Y’ shaped 1(4.3) 2(8.7)

167



Table 3.35 The shape of the Triangular sulcus when it wasgmtess two sulci.

SHAPE OF THE ANTERIOR- FREQUENCY FREQUENCY

AND POSTERIOR- n (PERCENTAGE) | n (PERCENTAGE)

TRIANGULAR SULCI IN THE RIGHT IN THE LEFT
HEMISPHERE HEMISPHERE

CONTROL 16 - 16 -

1. Straight Tr& 12 (75.0) 13 (81.3)

2. Straight Trp*® 12 (75.0) 11 (68.8)

3. Tra concave anteriorly 3 (18.8) 0

4. Trp concave anteriorly 1(6.3) (

5. Trp concave posteriorly 2 (12.5) 5 (31.3]

6. Tra concavo-convex 1(6.3) 2 (12.5)

7. Trp concavo-convex 0] 0

8. Tra 'y’ shaped 0 1(6.3)

9. Trp 'y’ shaped 1(6.3) 0

CASE 18 - 14 -

1. Straight Tra 10 (55.6) 8 (57.1)

2. Straight Trp 14 (77.8) 9 (64.3)

3. Tra concave anteriorly 6 (33.3) 3(21.4)

4. Trp concave anteriorly 1(5.6) 1(7.1)

5. Tra concave posteriorly 2(11.1) 2 (14.3)

6. Trp concave posteriorly 2(11.1) 2 (14.3)

7. Tra concavo-convex 0 0

8. Trp concavo-convex 1 (5.6) 24(3)

9. Tra 'y’ shaped 0 1(7.1)

15 Anterior triangular sulcus
18 posterior triangular sulcus
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Table 3.36 The shape of the Triangular sulcus when it wasgortess three sulci.

SHAPE OF THE ANTERIOR-,
- AND POSTERIOR- | n
TRIANGULAR SULCI

CONTROL
1. Straight Tra

3. Straight Trp
4. Tra concave anteriorly

6. Trp concave anteriorly
7. Tra concavo-convex

9. Trp concavo-convex

CASE
1. Straight Tra

3. Straight Trp

4. Tra concave anteriorly

7. Trp concave posteriorly
8. Tra concavo-convex

" Middle triangular sulcus = Trm

FREQUENCY
(PERCENTAGE) | n
IN THE RIGHT
HEMISPHERE

2 (50.0)
2 (50.0)
1 (25.0)

1(25.0)

2 (50.0)

FREQUENCY
(PERCENTAGE)
IN THE LEFT
HEMISPHERE

4 (80.0)

5 (100)
1 (20.0)

3 (60.0)

3 (60.0)
1 (20.0)

2 (40.0)
1 (20.0)
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The sole triangular sulcus was observed to beeedbnnected to the inferior frontal
sulcus, or a free sulcus, in both hemispheres efisaw in the control- and case- categories.
An additional connection (that of sole triangulalcsis to both the Inferior Frontal sulcus
and the Anterior Ascending ramus) was observetiércase category. The predominant
connection of the sole triangular sulcus was tariferior frontal sulcus (see Tables 3.37

on pg 171.

The same pattern of connections observed for tleetsangular sulcus, was manifest for

the anterior — and posterior- triangular sulci. Elxeeptions were:

» The connection of the triangular sulci to both lhferior Frontal Sulcus and the
Anterior Ascending Ramus was not observed.
» An additional connection, that of the triangulalcsto the Intermediate Frontal

sulcus, was observed (see Table 3.38 on pg 171)].

The predominant pattern of the connections ofla@gular sulcus when it was present as
three sulci, was that all three were connectetieartferior frontal sulcus (see Table 3.39

on pg 172.
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Table 3.37 The connections of the Triangular sulcus when & wasent alone.

CONNECTIONS OF THE SOLE n
TRIANGULAR SULCUS WITH:

CONTROL 34
1. Inferior frontal sulcus (IFS)

2. No sulcus

CASE 23
1. IFS

2. IFS to Anterior Ascending ramus
3. No sulcus

FREQUENCY
(PERCENTAGE)
IN THE RIGHT
HEMISPHERE

24 (70.6)

10 (29.4)

18 (78.3)
1(4.3)
4 (17.4)

n

36

23

FREQUENCY
(PERCENTAGE)
IN THE LEFT
HEMISPHERE

27 (75.0)
9 (25.0)
14 (60.9)
0
9 (39.1)

Table 3.38 The connections of the Triangular sulcus when & wasent as two sulci.

CONNECTIONS OF THE
ANTERIOR- AND POSTERIOR- n
TRIANGULAR SULCI

CONTROL 16
1. Tra with inferior frontal sulcus
2. Trp with inferior frontal sulcus

3. Tra with intermediate frontal
sulcus

4. Trp with intermediate frontal
sulcus

5. Tra with no sulcus

6. Trp with no sulcus (free)

CASE 18
1. Tra with inferior frontal sulcus

2. Trp with inferior frontal sulcus

3. Tra with intermediate frontal
sulcus

4. Trp with intermediate frontal
sulcus

5. Tra with no sulcus
6. Trp with no sulcus (free)

FREQUENCY
(PERCENTAGE)
IN THE RIGHT
HEMISPHERE

9 (56.3)
9 (52.9)
1(6.3)

1(5.9)

6 (37.5)

7 (41.2)
11 (61.1)

15 (83.3)
1(5.6)

1(5.6)

6 (33.3)
2 (11.1)

n

16

14

FREQUENCY
(PERCENTAGE)
IN THE LEFT
HEMISPHERE

11 (68.8)
14 (87.5)

0

5 (31.3)
2 (12.5)

10 (71.4)

12 (85.7)

2 (14.3)

0

2 (14.3)
2(14.3)
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Table 3.39 The connections of the Triangular sulcus when & wasent as three sulci.

CONNECTIONS OF THE

ANTERIOR -, -, AND
POSTERIOR- TRIANGULAR
SULCUS WITH:

CONTROL

1. Tra with Inferior Frontal sulcus

3. Trp with Inferior Frontal sulcus
4. Tra with no sulcus (free)

6. Trp with no sulcus (free)

CASE
1. Tra with Inferior Frontal sulcus

3. Trp with Inferior Frontal sulcus

4. Tra with no sulcus (free)
5. Trp with no sulcus (free)

3.24

FREQUENCY

n | (PERCENTAGE)
IN THE RIGHT
HEMISPHERE

4 -
3 (75.0)

3 (75.0)
1 (25.0)

1 (25.0)

FREQUENCY

n | (PERCENTAGE)

IN THE LEFT
HEMISPHERE

5 -
3 (60.0)

3 (60.0)
2 (40.0)

2 (40.0)

5 -
4 (80.0)

4 (80.0)
1 (20.0)
1 (20.0)

REPORT ON THE SULCI OF THE FRONTAL

OPERCULUM WITH RESPECT TO DATA GROUPED

ACCORDING TO THE TYPES OF CONNECTIONS

This section addresses the following question pas&hapter Two:

» Can theinformation gathered on the fissures and sulci of the frontal operculum
be used to replicate the study of Ebeling et al (1989), as regards the Types of

Connections (see section 1.8.1, pg 22 and Fig 1.9, pg 24), in itsoriginal form, or

in a modified form?
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3.24.1 THE MODIFICATION OF THE CRITERIA FOR THE TYPES OF
CONNECTIONS

Data gathered on the -orientating sulci, -boundaitgi, -major sulci, and the —accessory

sulci were used to:

» Firstly, modify the criteria for the classificatiaf the above descriptive data into
the groups that constitute the four Types of Sulmainections, and
» Secondly, classify all the specimens (categorisecbatrol and case) into the four

modified groups (Types of Sulcal Connections).

The findings (in the present study) on: the pra@isulcus; the accessory sulci; and the
different locations of the anterior horizontal rasvied to the modification of the criteria
used for the classification of the combinationswutal connections. These modifications

are summarised in Figures 3.27 (on pg 180) and ®2®g 181), and listed as follows:

TYPE 1(see Fig 3.22 on pg 175):

. The anterior ascending ramus preceeds the sinfgieanprecentral sulcus
or the inferior part of the anterior precentralcsisl (when the precentral

sulcus occurred as two sulci);

. The inferior frontal sulcus has a connection wité inferior precentral
sulcus, or the inferior part of the anterior preca sulcus (when the

precentral sulcus occurred as two sulci);
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. The inconstant segments include the:

* Anterior Horizontal Ramus (on the lateral suefa€ the frontal
operculum;

» Triangular sulcus (sulci) which occur(s) betwéss Anterior
Ascending Ramus and the Anterior Horizontal Rarans,
frequently descends from the Inferior Frontal Ssjcu

» Connection of the Inferior Precentral Sulcuddi$wvith the
Lateral Fissure, and

* Connection of the Central Fissure with the Lalt&iissure.

TYPE 2 (see Fig 3.23 on pg 176):

. The anterior ascending ramus preceeds the singleanprecentral sulcus
or the inferior part of the anterior precentralcsisl (when the precentral

sulcus occurred as two sulci);
. There is no connection between the inferior froatdtus and the single
inferior precentral sulcus, or with the inferiompaf the anterior precentral

sulcus (when the precentral sulcus occurred asthg);

. The inconstant sulcal segments occur as in Type 1.
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Figure 3.22 Type 1 (of Sulcal Connections) with bbt'VU’ and ‘Y’ patterns of the
Anterior Rami.

In Figures A and C, the interrupted precentral sulas (pink) is anterior to the
central fissure (CF, dark blue). Note that the pogrior end of the inferior frontal
sulcus (IFS, highlighted in yellow) is connected tthe inferior precentral sulcus.
The dashed yellow sulci are the superior and infeorr branches of the two IFS.
The anterior ascending ramus (green) and the antesr horizontal ramus (light
blue) arise separately from the lateral fissure irFigures A and B (same
specimen. This constitutes a ‘VU’ pattern of the aterior rami. The anterior
rami arise from a common stem (red) in Figures C ath D (same specimen). This
constitutes a ‘Y’ pattern of the anterior rami. In Figures B and D, the selected
areas highlight the pars opercularis of Figures A ad C respectively. Note that
an opercular sulcus is absent.

In the presence of a connection of the IFS with thimferior precentral sulcus and
the lack of an opercular sulcus, these specimens ngeclassified as: Type 1, of
sulcal connections in the frontal operculum.

There is no connection between: the lateral fissur@g.F) and inferior precentral

sulcus; LF and CF; LF and postcentral sulcus, in bth specimens. A single sulcus
of the pars triangularis is present in both specimes.
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Figure 3.23 Type 2 (of Sulcal Connections) with theU pattern of the anterior
rami.

In Figures A and C, the interrupted precentral sulas (pink) is anterior to the
central fissure (CF, dark blue). Note that the posrior end of the inferior
frontal sulcus (IFS, highlighted in yellow) is notconnected to the inferior
precentral sulcus in either case. The dashed reche completes the superior
border of the inferior frontal gyrus in both cases.The dashed yellow sulci are
the superior and inferior branches of the two IFSThe anterior ascending
ramus (AAR, green) and the anterior horizontal ramus (light blue) arise
separately from the lateral fissure in both specimes [(A and B, same
specimen) and (Cand D, same specimen). This constés a ‘VU’ pattern of
the anterior rami. The solid white sulcus is the itermediate frontal sulcus
(Figure C). Its branches are highlighted in dashedvhite. Note that the
posterior branch, of the posterior segment of thentermediate frontal sulcus,
sends a branch into the inferior frontal gyrus. Sirce this branch is at the
same vertical level as the AAR, it was classifiedlzoundary sulcus and not as
an opercular sulcus. The selected areas in Figur&and D highlight the pars
opercularis. Note the absence of an opercular sulsun it. The absence of a
connection between the IFS and the inferior preceml sulcus as well as the
absence of an opercular sulcus in both specimenseans that they were
classified as: Type 2 of sulcal connections in tHental operculum. Note the
sulcus of the pars triangularis descending betweehe anterior rami in both
specimens.
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TYPE 3 (see Fig 3.24 on pg 178):

. An additional branch:

» With variable shapes and connections,

* Which may also occur freely in the pars opercujaris

» That is referred to as the opercular sulcus (imptlesent study) and
by others as the diagonal sulcus, descends betiveemterior ascending
ramus and the single inferior precentral sulcusherinferior part of the

anterior precentral sulcus (when the precentrausubccurred as two sulci);
. The connection of the inferior frontal sulcus witie single inferior
precentral sulcus, or with the inferior part of dreerior precentral sulcus,

when the precentral sulcus occurred as two sulocisnstant.

. The other inconstant sulcal segments occur as fpe Ty

TYPE 4 (see Fig 3.25 on pg 179):

. The anterior ascending ramus is absent, and

. The other inconstant sulcal segments occur as e TyNote that the

anterior horizontal ramus is present.
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Figure 3.24 Type 3 of Sulcal Connections with Singland Double Precentral Sulci.

In Figure A, the interrupted precentral sulcus (pink) is anterior to the

central fissure (CF, dark blue in colour). In Figure C, the anterior precentral
sulcus (pink) is separated from the CF by the post®r precentral sulcus
(light blue). Note that the posterior end of the iferior frontal sulcus (IFS,
highlighted in yellow) is connected to the inferioprecentral sulcus in Figure
A and the anterior precentral sulcus in Figure C. The dashed yellow sulci are
the superior and inferior branches of the two IFSThe anterior ascending
ramus (green) and the anterior horizontal ramus (lght blue) arise separately
from the lateral fissure in Figures C and D (samepgecimen). This constitutes
a ‘VU’ pattern of the anterior rami. The anterior r ami arise from a common
stem (red) in Figures A and B (same specimen). Thi®nstitutes a ‘Y’ pattern
of the anterior rami. In Figures B and D, the seleted areas highlight the pars
opercularis of Figures A and C respectively. Notehiat a single opercular
sulcus is present in Figures A and B (white in Fid\), and two opercular sulci
are present in Figures C and D (white and yellow iffrig C).

The presence of an opercular sulcus regardless dfet connection of the IFS

with the inferior precentral sulcus is the hallmark of the Type 3 of sulcal
connections in the frontal operculum.
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Figure 3.25 Type 4 of Sulcal Connections. [This speten has already been
orientated in Figure 3.5 on page 120]. The anterioascending ramus was considered
to be absent because the sulcus in its position [fgev colour, red pin) makes a
pseudoconnection with the lateral fissure. Note #t triangular sulci are present.
This also constitutes arypattern of the anterior rami.

Figure 3.26 Thepattern of the Anterior Rami. Figs A and B are of the same
specimen.

In Figure A, the upturned end of the lateral fissure(white) is posterior to the

postcentral sulcus (orange). The central fissure (& light blue) is posterior to the
interrupted precentral sulcus (pink). The anterior ascending ramus (green) lies anterior
to the inferior precentral sulcus. There are no sui in the paes opercularis.

In Figure B, the selected area does not reveal ant@nior horizontal ramus, and this
specimen was therefore classified as a#fpattern of the anterior rami.. This is in
contrast to Figure 3.25 (above) where the antericmscending ramus was absent and the
anterior horizontal ramus present. Note that a sulas of the pars triangularis descends
from the inferior frontal sulcus.
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B: Type 1 | | C: Type 2

L | D: Type 3 E: Type 4

Figure 3.27 A Summary of the Types of Sulcal Conéions, in the the presence of a single
precentral sulcus. The selected area (broken greerlipke in Diagram A, has been expanded in
Diagrams B-E, so as to demonstrate the features eachtbe four Types of Sulcal Connections.
[Fissures — Central (CF), Lateral (LF); Sulci — Inferior precentral (IPRCS), Inferior frontal (IFS),
Anterior ascending- (AAR), Anterior horizontal (AHR)- rami, sulcus of pars triangularis (green).
Broken lines indicate inconstant connections of fisses or sulci or an inconstant sulcus. Note that
the additional blue branch in Type 3 (diagram D) is the diagonal (opendar) sulcus. It has other
connections besides that to the IFS and is inconstant rype 4.
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IPRCS,

AHR
A AAR, purple

B: Type 1

D: Type 3 E: Type 4

Figure 3.28 A Summary of the Types of Sulcal Connections, intlieepresence of double precentral sulci.
The selected area (broken green ellipse in Diagratreé been expanded in Diagrams B-E, demonstrating
the features each of the four Types of Sulcal Caimex [Fissures — Central (CF), Lateral (LF); Sulci —
Inferior precentral anterior (red), Inferior prethposterior (yellow), Inferior frontal (IFS), Aerior
ascending- (AAR), Anterior horizontal (AHR)- rami,eus of pars triangularis (green). Broken lines
indicate inconstant connections of fissures or suleiminconstant sulcus. Note that tiee branch in

Type 3 (the opercular sulcus) has other connectionslals inconstant in Type 4.
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3.2.4.2 _THE INTERHEMISPHERIC COMPARISON OF THE T YPES OF

CONNECTIONS

This section addresses the following question pas&hapter Two:

» Isthereasignificant interhemispheric difference with respect to the incidences of

the four Types of Sulcal Connections that occur in the frontal operculum?

The chi-squarexf) test was applied to the data in Tables C.1 aBddh pg 309 and 310

respectively.

Table 3.40 The Incidence of the Types of Sulcal Connectioris3nrelative to the

right and left cerebral hemispheres in the corgrolp.

w RIGHT HEMISPHERE LEFT HEMISPHERE
EBELING TYPE

TYPE 1 20 31
TYPE 2 5 0
TYPE 3 39 33
TYPE 4 1 1

1:
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RESULTS:

(a)x? value = 7.87
(b) Degrees of freedom = 3
(c) p-value < 0.05

(d) The null hypothesis of no association is regdct

Table 3.41 The Incidence of the Types of Sulcal Connections3nrelative to the

right and left cerebral hemispheres in the casamgro

\Fw RIGHT HEMISPHERE LEFT HEMISPHERE
EBELING TYP

TYPE 1 11 11
TYPE 2 3 2
TYPE 3 30 32
TYPE 4 1 0
90
RESULTS:

(a)x* value = 1.26
(b) Degrees of freedom = 3
(c) p-value > 0.05

(d) The null hypothesis of no association is n{gaeed.
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3.25 REPORT ON THE SULCI OF THE FRONTAL OPERCULUM
WITH RESPECT TO DATA GROUPED ACCORDING TO
THE PATTERNS OF THE ANTERIOR RAMI

This section addresses the following question pas&hapter Two:

» Can theinformation gathered on the fissures and sulci of the frontal
operculum be used to replicate the study of: Others, asregardsthe
Patterns of the Anterior Rami, of the Lateral Fissure (see section 1.8.2 on
pg 32; and Fig 1.10 on pg 35and Fig 1.11 on, pg 38), in their original

form, or in a modified form?

Three patterns of the anterior rami of the latésalure were found in the present study.

These were theY’- , ['VU’- + Intermediates], ‘' - patterns. Note that hereafter in this

text, the patterns shall be referred to as the:

» Y pattern[see Fig 3.22 (C) opg 175]
» VU pattern[see Fig 3.22 (A) opg 175], and

» Jpattern[see Fig 3.26 opg 179] for simplicity.

The incidences of the three patterns are repontdélbles 3.42 and 3.43, on pg 185 and
186 respectively. The predominant pattern was/Aleattern followed by theY pattern

The 7 patternwas very rare. When three rami arose from thedafessure, the
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posteriormost sulcus was taken to be an operculans arising from the lateral fissure

[see Fig 3.12 (d) on pg 139].

The chi-squarexf) test was applied to the data in Tables C.2 aAddh pg 310 and 311

respectively.

Table 3.42 The Incidence of the Patterns of the Anterior Raeiative to the right and

left cerebral hemispheres in the control group.

HEMISPHERE RIGHT HEMISPHERE
m

Y 24
V-U 40
J 1
RESULTS:

(a)x* value = 0.03
(b) Degrees of freedom = 2

(c) p-value > 0.05

(d) The null hypothesis of no association is n{gaeed.

LEFT HEMISPHERE

25
39
1

130
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Table 3.43 The Incidence the Patterns of the Anterior Rantatinee to the right and

left cerebral hemispheres in the case group.

HEMISPHERE | RIGHT HEMISPHERE | LEFT HEMISPHERE
PATTERN ——

Y 11 20
V-U 33 24
J 1 1
90
RESULTS:

(a) X° statistic = 4.03
(b) Degrees of freedom = 2
(c) p-value > 0.05

(d) The null hypothesis of no association is ngated.
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3.2.6 THE INCIDENCES OF THE PATTERNS OF THE

ANTERIOR RAMI OF THE LATERAL FISSURE WITH

RESPECT TO THE TYPES OF SULCAL CONNECTIONS

This section addresses the following question pas&hapter Two:

* What are theincidences of the Patterns of the Anterior Rami (of the Lateral

Fissure) relative to the Types of Sulcal Connectionsin the frontal operculum?

These incidences are presented in Tables 3.443.46bn pages 187 and 188 respectively.

Table 3.44 The Incidence of the Patterns of the Anterior Raith respect to the

Types of Sulcal Connections, in the frontal oparoulin the control group).

RIGHT HEMISPHERE

(n = 65)
n FREQUENCY
(PRECENT)
TYPE 1: () ‘Y’ pattern 20 2 (10.0)
(b) ‘'VU’ pattern | 20 18 (90.0)
TYPE 2: (a) 'Y’ pattern 5 3 (60.0)
(b) ‘VU’ pattern 5 2 (40.0)
TYPE 3: (@) 'Y’ pattern 39 19 (48.7)
(b) VU’ pattern | 39 20 (51.3)
TYPE 4: (c) ‘' S pattern 1 1 (100)

LEFT HEMISPHERE

(n =65)
n FREQUENCY
(PRECENT)
31 10 (32.3)
31 21 (67.7)
0 0
0 0
33 15 (45.5)
33 18 (54.5)
1 1 (100)

187



Table 3.45 The Incidence of the Patterns of the Anterior Raithh respect to the

Types of Sulcal Connections, in the frontal oparoulin the case group).

RIGHT HEMISPHERE LEFT HEMISPHERE
(n = 45) (n =45)
n FREQUENCY n FREQUENCY
(PRECENT) (PRECENT)
TYPE 1: (a) ‘Y’ pattern 11 1(9.1) 11 4 (36.4)
(b) VU’ pattern | 11 10 (90.9) 11 6 (54.5)
(c) ‘S pattern 11 0 11 1(9.1)
TYPE 2: (a) 'Y’ pattern 3 0 2 1 (50.0)
(b) VU’ pattern 3 3 (100) 2 1 (50.0)
TYPE 3: () ‘Y’ pattern 30 10 (33.3) 32 15 (46.9)
(b) ‘VU’ pattern | 30 20 (66.7) 32 17 (53.1)
TYPE 4: (c) ' & pattern 1 1 (100) 0 0
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3.3 REPORT ON THE QUANTITATIVE PART OF

THE PRESENT STUDY

3.3.1 OVERVIEW OF THE MANNER IN WHICH THE
QUANTITATIVE DATA WAS HANDLED

The quantitative study related to the lengths efrttajor- and accessory- sulci in
the frontal operculum, and to intersulcal lengththie frontoparietal operculum.

Note that the major sulci (as described in thegrestudy) were the:

. Stem of the anterior rami (see Fig 3.24A on pg 178)
. Anterior ascending ramus (see Figs 3.24 A and 32 g 178),

. Anterior horizontal ramus (see Figs 3.24 A and@@n pg 178).

Also note that the accessory sulci (as describéaermpresent study) were the:

. Sole opercular sulcus when the opercular sulcusroed as one
sulcus [see Fig 3.14 (c) and 3.14 (d) on pg 151],

. First- and second opercular sulci, when the oparaulcus occurred
as two sulci (see Fig 3.21 A to D on pg 160),

. Sole triangular sulcus when the triangular suleezioed as one
sulcus (see Fig 3.21D on pg 160),

. Anterior- and posterior- triangular sulci, when thangular sulcus

occurred as two sulci (see Fig 3.24 C on pg 178),
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. Anterior-, middle-, and posterior- triangular sulehen the

triangular sulcus occurred as three sulci (see8F2Q on pg 158).

The lengths of each of the major- and accessotgk, st the frontal operculum, for the
specimens listed in Appendix D (on pages 312 tg 8&3e measured twice. It was noted
that there was a very close correspondence betiliearalues obtained for the first- and
the second- recordings, for each sulcal lengths Tdature is illustrated in Appendix E
[Tables E.1 and E.2; Tables E.4 and E.5; Tablesa&d/E.8; Tables E.10 and E.11; Tables
E.13 and E.14; Tables E.16 and E.17, on pagesd3334]. The conclusion is that the
method of measuring sulcal lengths as set outdticse2.9 (on pages 97 to 103) is
reproducible and consistent. However (in the presenly) the true length of each sulcus
was taken to be the mean of the first- and secambrdings (in each hemisphere). This
was referred to as the composite recordings ofsldagths in the appendices. The
composite lengths are also reflected in AppendjXdbles E.3, E.6, E.9, E.12, E.15, and

E.18, on pages: 317&318, 320&321, 325&326, 328&33B&334, and 337 respectively].

Data analysis was conducted on the composite regw @f sulcal length for:

(a) Ungrouped data [prior to the grouping of the data into the four Egpof Sulcal

Connectiongsee Figs 3.27 and 3.28 on pages 180 and 181ctasghg) or the

three Patterns of the Anterior Raxsiee Fig 1.10 on pg 35)n both the control

(whole brain) and case (separate hemispheres)arasgand

190



(b) Grouped data [data grouped into either the four Types of Sulcah@ctions
(see Fig 3.27 and Fig 3.28 on pages 180 and 18&atsgly) or the three Patterns
of the Anterior Ran{see Fig 1.10 on pg 35), in both the control (leHiyain)

and case (separate hemispheres) categories|@agsol

. Mean lengths for each individual sulcus examinedj@mand accessory),
were calculatgatior to any grouping relative to the Types of Sulal
Connections, or the Patterns of the Aatior Rami. This was referred to
in the Tables below, as well as in tla@pendices, as the individual sulcal
lengths for ungrouped dataThe data for whole brains was reflected in the

control category and that of the separate hemisghia the case category.

. The entire sample in both the control and casegoates was examined and
each hemisphere was disteith into one of the four groups that make up
the modified Types of SuilCannections, as described in the present study
[see section 3.2.4.1 ongsaty73 to 177, and Fig 3.27 and Fig 3.28 on pages
180 and 181 respectivelgpandix C (on pages 268 to 311) reflects this

distribution per specimen]. Note that not all tbe@mens were considered
for quantitative exploration [see Appendix D (orgpsa 312 to 313) for a list
of which specimens were used for the measuremenilcél lengths]. The
composite lengths of the major- and accessoryt Bugach specimen per
Type of Sulcal Connection in the frontal opercujusireported in

Appendix F (on pages 338 to 34Blpte that, there was insufficient data for

processing in Types 2 and 4.
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The means of each of the individual sulcal length®f the major- and
accessory- sulci) were calculated for Types 1 and(&ith new sample
numbers). This constitutes the means of individuadulcal lengths
grouped according to Type 1 and Type 3 as reporteid the tables

below.

The entire sample in the control and case categwas re-examined and
each hemisphere was re-distributed into one offttee groups that make
up the Patterns of the Anterior Rami [see secti82lon pages 32 to 40,
and Fig 1.10, on pg 35. Appendix C (on pages 268 19 also reflects this
distribution]. The composite lengths for the majmnd accessory- sulci in
each specimen relative to the Patterns of the AamtBami, is reported in
Appendix G (on pages 349 to 36Bpte that there was insufficient data for

processing in theZ pattern of the anterior rami.

The means of each of the individual sulcal length@najor- and
accessory- sulci) were calculated for th¥ pattern and VU pattern (with
new sample numbers). This constitutes the meansioflividual sulcal
lengths grouped according to they pattern and VU pattern as reported

in the tables that follow.
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3.3.2 REPORT ON THE MEAN LENGTHS OF INDIVIDUAL SULCI
IN THE FRONTAL OPERCULUM (F3) FOR UNGROUPED AND
GROUPED DATA

(a) This section addresses the following objectstated in Chapter Two:

» What are the mean lengths of individual major- and accessory- sulci of the

frontal operculum (in both cerebral hemispheres and in the control and case

categories) for ungrouped data?

* What are the mean lengths of individual major- and accessory- sulci of the

frontal operculum (in both cerebral hemispheres and in the control and case

categories) for data grouped according to the:

. Types of Sulcal Connectionsin F3?

. Patterns of the Anterior Rami of the Lateral Fissure

(b) This section addresses, in addition, the falhguobjective stated in Chapter Two:

. Theillustration of the effect of the two systems of classification

[listed in 3.3.2 (a)] on sulcal length.
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3.3.2.1 MEAN LENGTHS, STANDARD DEVIATIONS, AND COEFFICIENTS
OF VARIATION FOR INDIVIDUAL MAJOR SULCI IN F3

Each of Tables 3.46 to 3.57 below presents a suynaidhree selected features of the
sample data used in this study, namely, the mewyiHs, the standard deviations, and the
coefficients of variation. The data was measureckimtimetres and the coefficient of
variation is expressed as a percentage. Tables@3l@8 in this subsection present these
data in respect of individual major sulci in F3,ilghn the next subsection, Tables 3.49 to

3.57 provide them for individual accessory sulcrFh
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Table 3.46 Mean lengths x ), standard deviations)(and coefficients of variation (cv),

for the Stem for ungrouped and grouped data in F3.

RIGHT HEMISPHERE

LEFT HEMISPHERE

Ny X St vy nz X1
UNGROUPED
CONTROL 18 0.79 0.39 49 19 0.70 0.26
CASE 5 0.56 0.18 33 10 0.72 0.49
TYPE 1
CONTROL 2 0.45 0 0 7 0.78 0.34
CASE 1 0.75 0 0 2 1.33 0.74
TYPE 3
CONTROL 14 0.86 0.42 49 14 0.68 0.22
CASE 4 0.51 0.17 33 8 0.57 0.30
Y PATTERN
CONTROL 18 0.79 0.39 49 19 0.70 0.26
CASE 5 0.56 0.18 33 10 0.72 0.49
VU PATTERN The stem is absent in this pattern
STEM OF THE ANTERIOR RAMI

14

E 1.2

S

£ 08-

(]

e 0.6 1

= 0.4 1

] 0.2 A

O T T T
Right Left Hemisphere Right Left Hemisphere
Hemisphere (Control) Hemisphere (Case)
(Control) (Case)
|BUngrouped M Type 1 OType 3 OY Pattern |

Figure 3.29 Mean Lengths of the Stem clustered aacing to Grouped and
Ungrouped Data. These bar diagrams demonstrate theffect of the systems

of classification on the mean lengths of the steof the anterior rami.
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Table 3.47 Mean lengthsx ), standard deviations)( and coefficients of variation (cv),

for the Anterior Ascending Ramus for ungrouped graliped data in F3.

RIGHT HEMISPHERE

LEFT HEMISPHERE

ny X S1 v, n; X2 S
UNGROUPED
CONTROL 40 1.43 0.63 44 40 1.50 0.73
CASE 26 1.76 0.57 32 26 1.76 0.67
TYPE 1
CONTROL 13 1.69 0.54 32 19 1.54 0.68
CASE 8 2.12 0.62 27 6 1.65 1.03
TYPE 3
CONTROL 25 1.37 0.63 46 21 1.47 0.79
CASE 17 1.62 0.49 30 20 1.79 0.55
Y PATTERN
CONTROL 18 1.17 0.67 57 19 1.18 0.64
CASE 5 1.20 0.46 38 10 1.24 0.53
VU PATTERN
CONTROL 22 1.65 0.52 32 21 1.79 0.69
CASE 21 1.89 0.52 29 15 2.01 0.44
ANTERIOR ASCENDING RAMUS

__ 25

§ 2

© 1.5 -

g1

‘g 0.5 -

[8) 0 - T

Right Left Hemisphere Right Left Hemisphere
Hemisphere (Control) Hemisphere (Case)
(Control) (Case)
@ Ungrouped m Type 1 OO Type 3 OY Pattern mVU Pattern ‘

Figure 3.30 Mean Lengths of the Anterior AscendingRamus (AAR) clustered
according to Grouped and Ungrouped Data. These batiagrams demonstrate

the effect of the systems of classification on theean lengths of the AAR.
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Table 3.48 Mean lengthsx ), standard deviations)( and coefficients of variation (cv),

for the Anterior Horizontal Ramus for ungrouped gnduped data in F3

RIGHT HEMISPHERE

LEFT HEMISPHERE

Ny X St vy nz X1 S
UNGROUPED
CONTROL 40 1.35 0.53 39 40 1.47 0.53
CASE 27 1.70 0.59 35 22 1.69 0.69
TYPE 1
CONTROL 13 1.69 0.49 29 19 1.65 0.54
CASE 7 1.68 0.63 37 5 2.15 0.73
TYPE 3
CONTROL 25 1.18 0.46 39 21 1.31 0.48
CASE 18 1.63 0.53 33 17 1.55 0.64
Y PATTERN
CONTROL 18 1.23 0.50 40 19 1.27 0.48
CASE 5 1.87 0.51 28 10 1.70 0.64
VU PATTERN
CONTROL 22 1.44 0.54 38 21 1.65 0.52
CASE 21 1.60 0.54 34 12 1.67 0.76
ANTERIOR HORIZONTAL RAMUS

a 2.5

o 2

Q15 -

g 1

g 0.5

o 0 T T

Right Left Hemisphere Right Left Hemisphere
Hemisphere (Control) Hemisphere (Case)
(Control) (Case)
@mUngrouped m Type 1 OType 3 OY Pattern @mVU Pattern ‘

Figure 3.31 Mean Lengths of the Anterior HorizonthRamus (AHR)
clustered according to Grouped and Ungrouped Datalhese bar diagrams

demonstrate the effect of the systems of class#ition on the mean lengths of
the AHR.
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3.3.2.2 MEAN LENGTHS, STANDARD DEVIATIONS, AND COEFFICIENTS OF
VARIATION OF INDIVIDUAL ACCESSORY SULCI IN F3

Table 3.49 Mean lengthsx ), standard deviations) and coefficients of variation (cv),

for the Sole Opercular (accessory) sulcus, for ounged and grouped data in F3.

RIGHT HEMISPHERE LEFT HEMISPHERE
Ny X1 S cVy Nz X2 S CVz
UNGROUPED
CONTROL 14 1.93 0.781 41 18 1.74 0.817 47
CASE 9 1.74 0.943 54 11 1.27 0.623 49
TYPE 1 The Opercular sulcus does not occur in this type
TYPE 3
CONTROL 14 1.93 0.792 41 16 1.85 0.798 43
CASE 9 1.74 0.942 54 11 1.27 0.623 49
Y PATTERN
CONTROL 7 1.99 0.659 33 11 1.97 0.815 41
CASE 2 1.92 0.445 23 3 1.57 0.185 12
VU PATTERN
CONTROL 7 1.87 0.956 51 6 1.36 0.860 63
CASE 7 1.68 0.942 63 8 1.16 0.623 61
SOLE OPERCULAR SULCUS

25

§ 2 —

© 1.5 - — ]

g 1 —F

€ 0.5

3, | ‘

Right Left Hemisphere Right Left Hemisphere
Hemisphere (Control) Hemisphere (Case)
(Control) (Case)
EUngrouped mType 3 OY Pattern O VU Pattern

Figure 3.32 Mean Lengths of the Sole Opercular Seilis clustered according to
Grouped and Ungrouped Data. These bar diagrams deomstrate the effect of
the systems of classification on the mean lengtb§the Sole Opercular Sulcus.
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Table 3.50 Mean lengthsx ), standard deviations)( and coefficients of variation (cv),

for the First Opercular (accessory) sulcus, forranged and grouped data in.

RIGHT HEMISPHERE LEFT HEMISPHERE
n; X1 S CcV1 n, X1 S CV,
UNGROUPED
CONTROL 7 1.28 0.510 40 4 1.10 0.492 45
CASE 9 0.85 0.425 50 8 141 0.757 54
TYPE 1 The Opercular sulcus does not occur in this type
TYPE 3
CONTROL 7 1.28 0.510 40 4 1.10 0.492 45
CASE 8 0.85 0.425 50 8 141 0.757 54
Y PATTERN
CONTROL 3 0.94 0.129 14 1 1.7 - -
CASE 1 1.33 - - 5 1.01 0.503 50
VU PATTERN
CONTROL 4 1.55 0.546 35 3 0.90 0.350 39
CASE 7 0.78 0.409 52 3 2.08 0.660 32
FIRST OF TWO OPERCULAR SULCI

__ 25

§ 2

® 15 — M

g 1 — =

© 0 ‘ ‘

Right Left Hemisphere Right Left Hemisphere
Hemisphere (Control) Hemisphere (Case)
(Control) (Case)
@ Ungrouped m Type 3 OY Pattern VU Pattern

Figure 3.33 Mean Lengths of the First Opercular Swlus clustered according
to Grouped and Ungrouped Data. These bar diagramdemonstrate the effect
of the systems of classification on the mean legt of the First Opercular
Sulcus.
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Table 3.51 Mean lengthsx ), standard deviations)( and coefficients of variation (cv),

for the Second Opercular (accessory) sulcus, fgrauped and grouped data in F3

RIGHT HEMISPHERE

LEFT HEMISPHERE

Ny X St vy nz X1 S
UNGROUPED
CONTROL 6 1.24 0.446 36 4 0.75 0.210
CASE 6 2.33 1.175 50 8 1.07 0.448
TYPE 1 The Opercular sulcus does not occur in this type
TYPE 3
CONTROL 6 1.24 0.446 36 4 0.75 0.210
CASE 6 2.33 1.175 50 8 1.07 0.448
Y PATTERN
CONTROL 3 1.33 0.093 70 1 0.68 -
CASE 0 - - - 7 1.09 0.503
VU PATTERN
CONTROL 3 1.16 0.684 59 3 0.77 0.252
CASE 6 2.33 1.175 50 3 1.34 0.221
SECOND OF TWO OPERCULAR SULCI

__ 25

§ 2

:'_J/ 15

g 1

© 0 ‘ ‘

Right Left Hemisphere Right Left Hemisphere
Hemisphere (Control) Hemisphere (Case)
(Control) (Case)
@ Ungrouped m Type 3 OY Pattern VU Pattern

Figure 3.34 Mean Lengths of the Second Operculaugus clustered

according to Grouped and Ungrouped Data. These batiagrams demonstrate

the effect of the systems of classification on theean lengths of the Second
Opercular Sulcus.
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Table 3.52 Mean lengthsx ), standard deviations)( and coefficients of variation (cv),

for the Sole Triangular (accessory) sulcus, forranged and grouped data in F3.

RIGHT HEMISPHERE

LEFT HEMISPHERE

n; X S CV1 ny X3 S CV;
UNGROUPED
CONTROL 19 1.53 0.65 43 22 1.42 0.62
CASE 13 1.50 0.53 36 13 1.44 0.55
TYPE 1
CONTROL 5 1.50 0.40 24 12 1.34 0.58
CASE 4 1.45 0.36 26 3 151 0.65
TYPE 3
CONTROL 12 1.62 0.77 48 10 1.52 0.68
CASE 8 1.51 0.66 44 10 1.42 0.53
Y PATTERN
CONTROL 9 1.09 0.34 31 11 1.16 0.36
CASE 4 1.14 0.24 21 5 0.79 0.33
VU PATTERN
CONTROL 10 1.92 0.67 33 11 1.68 0.71
CASE 9 1.67 0.56 34 7 1.94 0.34
SOLE TRIANGULAR SULCUS

—~ 25

§ 2

L 154
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Right Left Hemisphere Right Left Hemisphere
Hemisphere (Control) Hemisphere (Case)
(Control) (Case)

@ Ungrouped @ Type 1 O Type 3 OY Pattern @ VU Pattern

Figure 3.35 Mean Lengths of the Sole Triangular @cus clustered
according to Grouped and Ungrouped Data. These batiagrams
demonstrate the effect of the systems of classditon on the mean lengths
of the Sole Triangular Sulcus.
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Table 3.53 Mean lengthsx ), standard deviations)( and coefficients of variation (cv),
for the Anterior Triangular (accessory) sulcus, whee triangular sulcus was present as

two sulci, for ungrouped and grouped data in F3.

RIGHT HEMISPHERE LEFT HEMISPHERE
Ny X S Cvy n; X2 S CVv2
UNGROUPED
CONTROL 7 1.15 0.50 44 5 1.46 0.82 56
CASE 9 1.39 0.59 43 5 1.16 0.56 48
TYPE 1
CONTROL 4 1.25 0.61 49 2 1.27 1.01 80
CASE 3 1.47 45 1 0.95 -
TYPE 3
CONTROL 3 1.03 0.41 40 3 1.59 0.88 55
CASE 6 1.35 0.62 46 4 1.22 0.64 52
Y PATTERN
CONTROL 2 1.14 0.51 45 0 - - -
CASE 0 - - - 2 1.18 1.06 90
VU PATTERN
CONTROL 5 1.16 0.56 49 5 1.46 0.82 56
CASE 9 1.39 0.59 43 3 1.15 0.26 23
ANTERIOR OF TWO TRIANGULAR SULCI

2

IS

L 15

e

® 14

E

E 0.5 7 1—|:I:IT':I:I_iT[

[}

[8) 0 - T

Right Left Hemisphere Right Left Hemisphere
Hemisphere (Contraol) Hemisphere (Case)
(Control) (Case)

@ Ungrouped m Type 1 O Type 3 OY Pattern mVVU Pattern

Figure 3.36 Mean Lengths of the Anterioof Two Triangular Sulci clustered
according to Grouped and Ungrouped Datd& hese bar diagrams demonstrate
the effect of the systems of classificati on the mean lengths of the Anterior
of Two Triangular Sulci.
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Table 3.54 Mean lengthsx ), standard deviations) and coefficients of variation (cv),
for the Posterior Triangular (accessory) sulcusmthe triangular sulcus occurred as two
sulci, for ungrouped and grouped data in F3.

RIGHT HEMISPHERE LEFT HEMISPHERE
n; X S CVy n, X1 S CV,
UNGROUPED
CONTROL 9 1.06 0.54 51 5 1.05 0.44 42
CASE 8 1.59 0.83 52 6 1.92 1.03 53
TYPE 1
CONTROL 4 0.80 0.36 46 2 1.0 0.57 57
CASE 3 1.51 0.20 13 1 1.55 - -
TYPE 3
CONTROL 4 1.36 0.65 47 3 1.08 0.48 44
CASE 6 1.11 0.44 40 5 2.0 1.13 57
Y PATTERN
CONTROL 2 2.08 0 - 0 - - -
CASE 0 - - 2 1.9 34
VU PATTERN
CONTROL 6 1.01 0.43 43 5 1.05 0.44 42
CASE 9 1.24 0.41 34 4 1.94 1.27 66
POSTERIOR OF TWO TRIANGULAR SULCI

__ 25

§ 2 u

E 1.5

g 1

© 0 ‘ ‘ ‘

Right Left Hemisphere Right Left Hemisphere
Hemisphere (Control) Hemisphere (Case)
(Control) (Case)
@ Ungrouped m Type 1 O Type 3 OY Pattern mVVU Pattern

Figure 3.37 Mean Lengths of the Posterior of Two flangular Sulci clustered
according to Grouped and Ungrouped Data. These batiagrams demonstrate
the effect of the systems of classification on theean lengths of the Posterior
of Two Triangular Sulci.
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Table 3.55 Mean lengthsx ), standard deviations)( and coefficients of variation (cv),
for the Anterior Triangular (accessory) sulcus, whee triangular sulcus was present as

three sulci, for ungrouped and grouped data in F3.

RIGHT HEMISPHERE LEFT HEMISPHERE

Ny X S Cvy nz X3 S Cv2
UNGROUPED
CONTROL 4 0.77 0.13 17 4 0.90 0.41 46
CASE 0 - - 2 1.79 1.64 92
TYPE 1
CONTROL 2 0.87 0.02 2 2 1.13 0.53 47
CASE 0 - - 1 0.63 - -
TYPE 3
CONTROL 2 0.67 0.09 13 2 0.67 0.12 18
CASE 0 - - 1 2.95 - -
Y PATTERN
CONTROL 0 - - 1 0.58 - -
CASE 0 - - 0 - -
VU PATTERN
CONTROL 4 0.77 0.13 17 3 1.0 0.43 43
CASE 0 - - 2 1.79 1.64 92
ANTERIOR OF THREE TRIANGULAR SULCI

_. 35

e 3

< 25

L 2

[}

e 1.5+

“é‘ 1 |

s af B mn

0 B T T
Right Left Right
Hemisphere Hemisphere Hemisphere Hemisphere
(Control) (Control) (Case) (Case)
‘ElUngrouped B Type 1 OType 3 OY Pattern WVU Pattern ‘

Figure 3.38 Mean Lengths of the Anterior of Thre Triangular Sulci
clustered according to Grouped and Ungrouped Da. These bar diagrams
demonstrate the effect of the systems of clafssation on the mean lengths of
the Anterior of Three Triangular Sulci.
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Table 3.56 Mean lengthsx ), standard deviations)( and coefficients of variation (cv),

for the Middle Triangular (accessory) sulcus, fogrouped and grouped data in F3.

RIGHT HEMISPHERE

LEFT HEMISPHERE

X S1 v, n; X2 S
UNGROUPED
CONTROL 2.20 0.57 26 3 2.01 0.27
CASE - - - 2 1.53 0.39
TYPE 1
CONTROL 2.22 0.09 4 1 2.15 -
CASE - - 1 1.8 -
TYPE 3
CONTROL 2.19 0.96 44 2 1.94 0.34
CASE - - - 1 1.25 -
Y PATTERN
CONTROL - - - 1 1.7 -
CASE - - - 0 -
VU PATTERN
CONTROL 2.20 0.57 26 2 2.17 0.02
CASE - - - 2 1.53 0.39
MIDDLE OF THREE TRIANGLAR SULCI
__ 25
§ 2
E 1.5
g 1
‘g 0.5 -
© 0 ‘
Right Left Hemisphere Right Left Hemisphere
Hemisphere (Control) Hemisphere (Case)
(Control) (Case)
@ Ungrouped m Type 1 O Type 3 OY Pattern mVVU Pattern

Figure 3.39 Mean Lengths of the Middle of Three Tiangular Sulci clustered
according to Grouped and Ungrouped Data. These batiagrams demonstrate
the effect of the systems of classification on theean lengths of the Middle of

Three Triangular Sulci.
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Table 3.57 Mean lengthsx ), standard deviations)( and coefficients of variation (cv),

for the Posterior Triangular (accessory) sulcusmine triangular sulcus occurred as three

sulci, for ungrouped and grouped data in F3.

RIGHT HEMISPHERE LEFT HEMISPHERE

Ny X S Ccvp Ny X3 S
UNGROUPED
CONTROL 4 0.87 0.73 84 3 0.84 0.23
CASE 0 - - - 2 1.04 0.41
TYPE 1
CONTROL 2 1.24 1.00 81 2 0.88 0.32
CASE 0 - - 1 0.75 -
TYPE 3
CONTROL 2 0.49 0.13 27 1 0.78 -
CASE 0 - - - 1 1.33 -
Y PATTERN
CONTROL 0 - - - 1 0.78 -
CASE 0 - - - 0 - -
VU PATTERN
CONTROL 4 0.87 0.73 84 2 0.88 0.32
CASE 0 - - - 2 1.04 0.41
POSTERIOR OF THREE TRIANGULAR SULCI
14
£ 12 [ ]
S
L 081
(] 0.6
E 04l
& 0.2
[8) 0 - T
Right Left Hemisphere Right Left Hemisphere
Hemisphere (Control) Hemisphere (Case)
(Control) (Case)
@ Ungrouped m Type 1 O Type 3 OY Pattern mVVU Pattern

Figure 3.40 Mean Lengths of the Posterior of Thre&riangular Sulci
clustered according to Grouped and Ungrouped Datarhese bar diagrams
demonstrate the effect of the systems of class#tton on the mean lengths of
the stem of the anterior rami.
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We see in all the Tables 3.46 to 3.57 (pages 120®) that the coefficients of variation
are all well below 100% except in a few cases gl very small samples. This low

variability is an indicator that our data is (reaably) not problematic to analyse.

3.3.3 INTERHEMISPHRIC STUDIES ON THE MEAN LENGTHS
OF INDIVIDUAL SULCI

This section addresses the following question pas&hapter Two:

* Istherean interhemispheric difference with respect to the mean lengths of
individual major- and accessory- sulci of the frontal opercula for ungrouped data

and grouped data?

Note that due to insufficient data for processimgype 2- and Type 4- of Sulcal

Connections, as well as in tiiePattern of the Anterior Rami, interhemispheric

comparisons for grouped data were only possibl&ypes 1 and 3 ( of Sulcal
Connections); as well as tMyJ and Y patterngof the Anterior Rami). The effect of
belonging to either the right- or left- hemisph&reboth control and case categories) is

illustrated in Figures 3.41 to 3.52 (on pages 20313).
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STEM OF THE ANTERIOR RAMI

1.4
1.2

0.8 1
0.6 -
0.4
0.2

centimetre (cm)

Ungrouped Type 1 Type 3 Y Pattern

@ Right Hemisphere (Control) m Left Hemisphere (Control)
ORight Hemisphere (Case) [JLeft Hemisphere (Case)

Figure 3.41 Mean Lengths of the Stem clustered aaching to Cerebral
Hemisphere. These bar diagrams demonstrate the efft of belonging to either
Hemisphere on the mean lengths of the Stem of tla@terior rami (in both
control and case groups).

ANTERIOR ASCENDING RAMUS

2.5

1.5 | ]

0.5 -

centimetre (cm)

Ungrouped Type 1 Type 3 Y Pattern VU Pattern

@ Right Hemisphere (Control) m Left Hemisphere (Control)
ORight Hemisphere (Case) [JLeft Hemisphere (Case)

Figure 3.42 Mean Lengths of the Anterior Ascendingramus (AAR) clustered
according to Cerebral Hemisphere. These bar diagras demonstrate the
effect of belonging to either Hemisphere on the na@ lengths of the AAR (in
both control and case groups).
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ANTERIOR HORIZONTAL RAMUS

l | I
0.5 - -
0- ‘ ‘ ‘ ‘
Ungrouped Type 1 Type 3 Y Pattern VU Pattern

centimetre (cm)

@ Right Hemisphere (Control) m Left Hemisphere (Control)
ORight Hemisphere (Case) [JLeft Hemisphere (Case)

Figure 3.43 Mean Lengths of the Anterior HorizonthRamus (AHR)

clustered according to Cerebral Hemisphere. Thedear diagrams
demonstrate the effect of belonging to either Heraphere on the mean lengths
of the AHR (in both control and case groups).

SOLE OPERCULAR SULCUS

2.5

1.5

0.5 -

centimetre (cm)

Ungrouped Type 3 Y Pattern VU Pattern

@ Right Hemisphere (Control) m Left Hemisphere (Control)
ORight Hemisphere (Case) [JLeft Hemisphere (Case)

Figure 3.44 Mean Lengths of the Sole Opercular Seilis clustered according
to Cerebral Hemisphere. These bar diagrams demorrsite the effect of
belonging to either Hemisphere on the mean lengthef the Sole Opercular
Sulcus (in both the control and case groups).
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FIRST OF TWO OPERCULAR SULCI

2.5

15 ]

0l5 7 r
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ORight Hemisphere (Case) [JLeft Hemisphere (Case)

Figure 3.45 Mean Lengths of the First Opercular Swlus clustered according
to Cerebral Hemisphere. These bar diagrams demonsite the effect of
belonging to either Hemisphere on the mean lengthef the First Opercular
Sulcus (in both the control and case groups).

SECOND OF TWO OPERCULAR SULCI

2.5 — — —
T 2
o)
15
5 | L _
E 1 B
o
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Ungrouped Type 3 Y Pattern VU Pattern

@ Right Hemisphere (Control) m Left Hemisphere (Control)
ORight Hemisphere (Case) [JLeft Hemisphere (Case)

Figure 3.46 Mean Lengths of the Second Operculau®us clustered
according to Cerebral Hemisphere. These bar diagras demonstrate the
effect of belonging to either Hemisphere on the na@ lengths of the Second
Opercular Sulcus (in both the control and case grps).
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SOLE TRIANGULAR SULCUS

centimetre cm)

Ungrouped Type 1 Type 3 Y Pattern VU Pattern

ORight Hemisphere (Control) B Left Hemisphere (Control)
ORight Hemisphere (Case) [OLeft Hemisphere (Case)

Figure 3.47 Mean Lengths of the Sole Triangular Saus clustered according
to Cerebral Hemisphere. These bar diagrams demonsite the effect of

belonging to either Hemisphere on the mean lengthaf the Sole Triangular
Sulcus.

ANTERIOR OF TWO TRIANGULAR SULCI

centimetre (cm)
=

Ungrouped Type 1 Type 3 Y Pattern VU Pattern

ORight Hemisphere (Control) B Left Hemisphere (Control)
ORight Hemisphere (Case) DOLeft Hemisphere (Case)

Figure 3.48 Mean Lengths of the Anterior of Two Trangular Sulci clustered
according to Cerebral Hemisphere. These bar diagras demonstrate the

effect of belonging to either Hemisphere on the na@& lengths of the Anterior
of Two Triangular Sulci.
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POSTERIOR OF TWO TRIANGULAR SULCI

centimetre (cm)

Ungrouped Type 1 Type 3 Y Pattern VU Pattern

ORight Hemisphere (Control) B Left Hemisphere (Control)
ORight Hemisphere (Case) DOLeft Hemisphere (Case)

Figure 3.49 Mean Lengths of the Posterior of Two ffangular Sulci clustered
according to Cerebral Hemisphere. These bar diagras demonstrate the
effect of belonging to either Hemisphere on the na@& lengths of the Posterior
of Two Triangular Sulci.

ANTERIOR OF THREE TRIANGULAR SULCI
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Ungrouped Type 1 Type 3 Y Pattern VU Pattern

centimetre (cm)
|

@ Right Hemisphere (Control) m Left Hemisphere (Control)
ORight Hemisphere (Case) [JLeft Hemisphere (Case)

Figure 3.50 Mean Lengths of the Anterior of Threélriangular Sulci

clustered according to Cerebral Hemisphere. Thedear diagrams
demonstrate the effect of belonging to either Hersphere on the mean lengths
of the Anterior of Three Triangular Sulci.

212



MIDDLE OF THREE TRIANGULAR SULCI
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Figure 3.51 Mean Lengths of the Middle of Three Tiangular Sulci clustered
according to Cerebral Hemisphere. These bar diagras demonstrate the

effect of belonging to either Hemisphere on the na@ lengths of the Middle of
Three Triangular Sulci.

POSTERIOR OF THREE TRIANGLAR SULCI
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Figure 3.52 Mean Lengths of the Posterior of Thre&riangular Sulci
clustered according to Cerebral Hemisphere. Thedear diagrams

demonstrate the effect of belonging to either Hersphere on the mean lengths
of the Three Triangular Sulci.
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To statistically compare the inter-hemispheric aulengths, we use a Student’s t-test for

the mean difference. Only samples of size 18 aglddmiare considered.

The main results are stated in terms of p-vallies. p-values for a test may be defined as

thesmallest level of significance for which the null hypottsesiay be rejected.

The Student’s t-test, which we apply below, restsvao assumptions: equality of variances

and the normality.

(a) Equality of Variances:

The small-sample t-test for equality of the pogalaimeans requires, among others, that
the corresponding two population variances be eduglractice therefore, one ought to

check the reasonableness of this assumpidoreone performs the test.

Givenindependent random sampleksizes nand i from twonormal populations with
variances:)® and 6,)?, wheres; represents the standard deviation of theépulation,
thecritical regions (i.e. the rejection region&)r testing the null hypothesis:

H: (o)® = ©2)°
against the alternative

H: (©2)° # (62)°

at 10@% level of significance, depends upon whetlse? (> (S)? or 61)? < (S)? as
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follows:
(i) If (S1)? > (S)?, or equivalently R< 1, then the critical region is the one-sided
interval
R > 1= fp), n =
where RS/S;, n* = m—1 n** = n,—1 andf(yy) n* > is

obtainable from statistical tablestfoe F-distribution.

(i)  On the other hand, ifS()? < (S,)?, or equivalently R< 1, then the critical
region is the one-sided interval

R* > f,=fup), n, m

Table 3.58 Test results for the equality of variances regarohg sample sizes
18 and above extracted from Tables 3.46 to 3.57 (pages 195 to 206).

SAMPLE | SAMPLE TABULATED F-VALUES *
SIZE VARIANCE
RATIO
N1 17 R2 fl fz
a=0.5 a=0.5
18 19 2.2500 2.7230 - 2.6158 2.6667 — 2.5590)
40 40 0.7396 2.0739 — 2.0089 2.0739 — 2.00892
26 26 0.7225 2.2422 — 2.1816 2.2422 — 2.1815
25 21 0.6400 2.3273 2.4076
18 19 1.1025 2.7230 - 2.6158 2.6667 — 2.5590)
22 21 0.5625 2.4247 2.4645 — 2.4076
40 40 1.0000 2.7230 - 2.6158 2.6667 — 2.5590)
27 22 0.7396 2.2759 —2.2174 2.3675 -2.3082
25 21 0.9216 2.3273 2.4076
18 19 1.0816 2.7230 - 2.6158 2.6667 — 2.5590)
19 22 1.1236 2.5590 — 2.5027 2.5338 — 2.4247

! Obtained from Pearson and Hartley (1976) on page 17



Conclusion:
At the 5% level of significance, we see no instee in the above table where the
value of R exceeds the corresponding tabulated value (or varange).
Consequently at this level of significance, we have reason to reject the null

hypothesis of the equality of variances in question

(b) The normality assumption:

To verify this assumption, we subjected all theronged datasets with sample sizes

18 or above, to the Shapiro-Wilk test. A summaryhefresults is shown below.

Summary of the results of the Shapiro-Wilk Test

NOTE: The values of the W—statistic which are tabulateldWw should to be

interpretedaccording to Pearson and Hartley (1976) on pages3adllows

A large value of W close to 1.0000 would be indieabf our sample data order
statistics falling very close to the correspondiogmal-order statistics. In other
words, observed large values of W in the proxiroityt.0000 may be regarded as
not significanti.e. associated with the conclusion that the mditgpnassumption is
reasonableSee also the authors’ Example 27 in which W = @i8%egarded asot
significantin the sense just describeid a vis W = 0.714 which is regarded as

significant i.e. a value which the authors associate with-mamality.
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Table 3.59: The values of the Wstatistic for ungrouped samples.

SULCUS CONSIDERED

. Stem of the Anterior Rami in the right hemisgh@ontrol)
. Stem of the Anterior Rami in the left hemisph@entrol)

. Anterior Ascending Ramus in the right hemispleamtrol)
. Anterior Ascending Ramus in the left hemispHeomtrol)

. Anterior Ascending Ramus in the right hemispheese)

. Anterior Ascending Ramus in the left hemispheese)

. Anterior Horizontal Ramus in the right hemisghésontrol)
. Anterior Horizontal Ramus in the left hemisph@rentrol)

. Anterior Horizontal Ramus in the right hemisgh@rase)
10. Anterior Horizontal Ramus in the left hemisghérase)
11. Sole Triangular Sulcus in the right hemispleomatrol)
12. Sole Triangular Sulcus in the left hemispheoa{rol)

O 0 N OB W NP

We see that, all the values in this table arewtodecimal places, 0,90 and above.

W-statistic

0.9004
0.9158
0.9530
0.9664
0.9781
0.9748
0.9611
0.9664
0.8966
0.9791
0.9177
0.9446

Following the same line of judgement usedEkample 27n Pearson and Hartley (1976)

Biometrika Tables on pg 3We see no reason to doubt the normality of theta daed in

the t-testso be examined shortly below.

Table 3.60 Two-sidedt-tests for the mean difference in two pairs of sapies

selected from Table 3.46 on page 195 [Stem of that&rior Rami].

RIGHT HEMISPHERE | LEFT HEMISPHERE

n o T.(s) | T,(8) P-VALUE
UNGROUPED
CONTROL 18 0.79 (0.39) 19 0.70 (0.26) 0.387
Y PATTERN
CONTROL 18 | 0.79(0.39) 19| 0.70 (0.26) 0.387
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Table 3.6 Two-sided t-tests for the mean difference in fivgairs of samples

selected from Table 3.47 on page 196 [Anterior Aseding Ramus].

RIGHT HEMISPHERE | LEFT HEMISPHERE

N .9 o . p - VALUE
UNGROUPED
CONTROL 40 | 1.43 (0.63) 40/ 1.50 (0.73) 0.647
CASE 26 | 1.76 (0.57) 26/ 1.76 (0.67) 1
TYPE 3
CONTROL 25 | 1.37 (0.63) 21| 1.47 (0.79) 0.624
Y PATTERN
CONTROL 18 | 1.17 (0.67) 19/ 1.18 (0.64) 0.946
VU PATTERN
CONTROL 22 | 1.65 (0.52) 21| 1.79 (0.69) 0.447

Table 3.62 Two-sided t-tests for the mean difference in fivpairs of samples

selected from Table 3.48 on page 197 [Anterior Harontal Ramus].

RIGHT HEMISPHERE | LEFT HEMISPHERE

T T, rYALE
UNGROUPED
CONTROL 40 | 1.35 (0.53) 40| 1.47 (0.53) 0.301
CASE 27 | 1.70 (0.59) 22| 1.69 (0.69) 0.925
TYPE 3
CONTROL 25 | 1.18 (0.46) 21| 1.31 (0.48) 0.373
Y PATTERN
CONTROL 18 | 1.23(0.50) 19| 1.27 (0.48) 0.790
VU PATTERN
CONTROL 22 | 1.44 (0.54) 21, 1.65 (0.52) 0.213
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Table 3.63 Two-sided t-tests for the mean difference in onpair of samples
selected from Table 3.52 on page 201 [Sole TriangulSulcus].

RIGHT HEMISPHERE | LEFT HEMISPHERE

— = - VALUE
no T, (s) n X, () P

UNGROUPED
CONTROL 19 | 1.53(0.65) 22| 1.42(0.62) 0.592

3.34 CONTROL AND CASE STUDIES

This section addresses the following question ietpin Chapter Two:

» Istherea difference between the means of individual sulcal lengths measured in
whole brains (control group) as opposed to the means of individual sulcal lengths

measured in separate hemispheres (case group)?

The above question was posed for ungrouped dayalbmias considered unnecessary to
pose this question separately for grouped dataefiket of belonging to either the control
or the case category is also illustrated in Fig3rd4 to 3.52 (on pages 208 to 213). For a

comparison of sulcal lengths with respect to cdntind case- categories, we have chosen
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to use a t-test for the mean difference. Furtheenooy samples of size 18 and higher have

been considered. The results are shown below ile$&64 and 3.63.

Table 3.64 Two-sided t-tests for the mean difference in twgairs of samples selected

from Table 3.47 on page 196 [Anterior Ascending Raus].

CONTROL

CATEGORY

n X, (s)
RIGHT HEMISPHERE 40 1.43
LEFT HEMISPHERE 40 1.50

CASE

CATEGORY p- VALUE
n X, (%)

26 1.76 0.036
26 1.76 0.152

Table 3.65 Two-sided t-tests for the mean difference in twgairs of samples selected

from Table 3.48 on page 197 [Anterior Horizontal Ranus].

CONTROL

CATEGORY

n H 1 (3)
RIGHT HEMISPHERE 40 1.35
LEFT HEMISPHERE 40 1.47

CASE

CATEGORY p- VALUE
n X, (9)

27 1.70 0.012
22 1.69 0.174
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Table 3.686 Summary of p-values in Tables 3.59 to 3.65 (on gas 217 to 220).

GROUP A p - values REFLECTING
INTERHEMISPHERICCOMPARISON&OR
BOTH CASE (separate hemispheres) and
CONTROL (whole brain) CATEGORIES

0.387
0.387
0.647
1.000
0.624
0.946
0.447
0.301
0.925
0.373
0.790
0.213
0.592

GROUP B p - values REFLECTING
THE COMPARISON BETWEEN

CASE (separate hemispheres) and
CONTROL (whole brain) CATEGORIES

0.036
0.152
0.012
0.174

In this table, GROUP A involves a comparison oftight- and left- hemispheres of both

control (whole brains) and case (separate hemisphexhile GROUP B involves a

comparison of case and control. In the latter gripright- and left- hemispheres do not

necessarily belong to the same individual whiley talevays belong to the same individual

in the whole brain category. We see then that-athlpes in GROUP A (interhemispheric

comparisons) are well above the often-used cutfodf 05 level of significance, implying

that in all samples belonging to this group, deenotreject the null hypothesis of no

difference in the mean sulcal lengths of the rigimd left- hemispheres. However, in

GROUP B (case and control comparisons) the reardtsas one would expect from

Figures 3.41 — 3.52 (pages 208 — 213) and theaafuhe specimens themselves, mixed.
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3.3.5 REPORT ON MEAN INTERSULCAL LENGTHS IN THE
FRONTOPARIETAL OPERCULUM

Each intersulcal length (recorded at the leveheftermination of the anterior ascending
ramus) was measured twice. It was noted that thiasea very close correspondence
between the values obtained for the first- ands#eond- recordings, of each intersulcal
length. This feature is illustrated in the data $bat were recorded Appendix H [Tables
H.1 and H.2; Tables H.4 and H.5; Tables H.7 and Ha®les H.10 and H.11; Tables H.13
and H.14; Tables H.16 and H.17; Tables H.19 an@Hlables H.22 and H.23, on pages

to 361 - 393].

The mean of the first- and second- recordings off @atersulcal length, at the stipulated
level, was referred to as the composite recordimge@ach intersulcal length). The
composite lengths are also reflected in Append[X#&bles H.3, H.6, H.9, H.12, H.15,
H.18, H.21, and H.24 on pages 364&365, 368&369, 378, 380&381, 386&387, 390,
and 393 respectively]. These composite recording®wsed to calculate the mean

intersulcal lengths as reported in Tables 3.67.76 8n pages 223 to 224.

Note that those specimens having an orbital oditme anterior horizontal ramus (see Fig
3.18, on pg 157) were excluded from the calculatibimtersulcal lengths in the pars

triangularis.
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Table 3.67 Intersulcal lengths anterior to the anterior ascendamus for the

control group [see Fig 2.10 (c) on page 105], esged in centimetres.

DISTANCE BETWEEN:

1.
2.

H

AAR and AHR

AAR and the Sole | 16

Triangular sulcus
AAR and Tra
AAR and Trm
AAR and Trp

RIGHT HEMISPHERE

¥ ; (RANGE)
32 | 1.92 (0.6 —3.05)
1.0 (0.2-1.85)

2 1.3 (0.75-1.85)
2 | 1.65 (1.15 - 2.15)
2 [ 1.28 (1.1-1.45)

LEFT HEMISPHERE

n
42
18

¥ , (RANGE)
2.0 QL 3.45)
1.09 (0.6 — 1.65)

1.61.0 - 2.4)
1.15.9 — 1.4)
1.17.20- 1.7)

Table 3.68 Intersulcal lengths posterior to the anterior adegnramus for the

control group [see Fig 2.10 (b) on page 105]

DISTANCE BETWEEN:

1.

AwpwN

AAR and a single
Opercular sulcus

AAR and Ope
AAR and Ope
AAR and IPRCS
IPRCS and CF
CF and IPOCS

RIGHT HEMISPHERE
¥ ; (RANGE)
19 | 0.70 (0.25-1.9)

2 [ 0.60 (0.4-0.8)

2 | 0.90
46| 1.21 (0.4-2.4)
45| 1.48 (0.5 - 2.6)
43| 1.60 (0.8 — 2.45)

n
14

45

45
43

LEFT HEMISPHERE

¥ , (RANGE)
0.76 (0.1-1.75)

1.0136-2.1)
1.41 (0.8.5)
1.851(2.3.0)
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Table 3.69 Intersulcal lengths anterior to the anterior asocendamus for the

case group [see Fig 2.10 (c) on page 105], expiiesseentimetres.

RIGHT HEMISPHERE LEFT HEMISPHERE
DISTANCE BETWEEN:

x 1 (RANGE) n T , (RANGE)
1. AAR and AHR 15 | 1.97 (1.45-2.65) 18 1.8596-2.95)
2. AARand asingle | 6 | 0.96 (0.7 —1.65) 9 1.02 (0.55-1.6)
Triangular sulcus
3. AAR and Tra 6  1.31 (0.8-1.65) 1 11
4. AAR and Trm - - - -
5. AAR and Trp 4 | 0.75 (0.85-0.9) 1 05

Table 3.70 Intersulcal lengths posterior to the anterior adognramus for the

case group [see Fig 2.10 (b) on page 105]

RIGHT HEMISPHERE LEFT HEMISPHERE
DISTANCE BETWEEN:

MEAN (RANGE) n | MEAN (RANGE)
1. AARandasingle 7  0.88 (0.4-1.35) 9 0.74 (0.35-1.3)
Opercular sulcus
2. AAR and Opa - - - -
3. AAR and Ope - - - -
4. AAR and IPRCS 26 | 1.05 (0.1 -1.85) 25 15056 2.55)
5. IPRCS and CF 26| 1.60 (0.75-2.35) 24 1.407(02.2)
6. CF and IPOCS 24| 1.63 (0.8 —2.45) 23 1.919(8.2.95)

The data of Tables 3.67 to 3.70 (on pages 2234 i2%ubmitted as part of the
guantitative record of measurements in the frorriefs operculum (for reference
purposes). It is accepted that as they stand,dteeisl insufficient for either

interhemispheric comparisons, or comments on gyaeking.
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4 DISCUSSION

The inextricable link between cognition, memorydaage, speech, and quality of life,
makes the preservation of language areas, as fapassible, one of the primary goals
during surgery of language associated areas. Atigbr knowledge of the fissures and
sulci, as landmarks, aids in such preservation.sting@y of the fissures and sulci of the
frontal operculum contributes to this end, by efating on and clarifying existing

knowledge in this field.

The discussion, as follows, first examines the wadhogy employed in the present study,
with a view to exposing its possible limitationshéeldescriptive- and quantitative-
outcomes of this study are then considered rel&itke questions posed in Chapter 2.
Note that the first level questions posed by thislg are reported on in Chapter 3 as part of

the results. These questions relate to the:

* Incidences of the Pertinent Features of relevastifies and sulci,
* Incidences of the Types of Sulcal Connections,

* Incidences of the Patterns of the Anterior Rami,

* Mean Sulcal Lengths, and

* Mean Intersulcal Lengths, in the frontal operculum.

The outstanding questions that relate to the coisgaof the findings in the present study
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(as presented in Chapter 3), with that reportethahe literature survey form the subject of

this discussion.

4.1 DISCUSSION ON THE METHODS USED TO

ACQUIRE DATA IN THE PRESENT STUDY

41.1 DISCUSSION ON THE METHODS USED TO ACQURE
DESCRIPTIVE DATA, THE ASSOCIATED LIMITATIONS,
AND THE RECOMMENDATIONS ARISING THERE-FROM

The recognition of sulci (and fissures) involvessomal decision-making relative to the
reports of preceding research. Studies of thisreate therefore saddled with an
unavoidable element of subjectivity. Although cases exercised so as to minimise the
effect of the expected subjectivity, the presemdtstill constitutes the observations and
decisions of a single individual. The procedurerémucing the subjectivity that was

inherent in the present study:

* Is setoutin sections: 2.8 (on pages 78 to 8@);3ah.1 (on pages 114 to 115),
e And illustrated in Figures: 3.1 (on pg 116); 3.2 (g 117); 3.3 (on pg 118);

3.4 (on pg 119); and 3.5 (on pg 120).

A strict adherence to a chosen convention fordeatification and classification of

fissures and sulci relative to the expected Itgali functional cortical areas, appeared to
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be the only route to reliable results, in the absasf supporting electrophysiological-,
cytoarchitectonic-, or functional imaging- studikss however acknowledged, that the

validity of the chosen convention can only be established by such supporting studies.

The convention used in the present study where sele identified from posterior to
anterior, relative to the last ascending branclali@rnatively the termination of the
posterior ramus) of the lateral fissure led todbeclusion that an extra sulcus, when
present, was a double precentral sulcus [see Fig®8 pg 116); as well as Figs 3.2 and
3.3 (on pages 117 and 118 respectively) for astifion of this procedure]. It might well
be that a double postcentral sulcus or even a dadritral fissure was present. Indeed,
Bergman, Afifi, and Miyauchi (2004) in the Virtudlospital, lllustrated Encyclopedia of
Human Anatomic Variation, quoteerlach. E.J. and WebhdH. ( iber ein menschliches
Gehirn mit beiderseitiger Verdopplung der Zentrathie. Anat. Anz. 67:440-452, 192%h
the presence of a double central fissure. Wherysingl the picture (as published on the
internet) according to the criteria set out foeatation in the present study, it was
discovered that the extra sulcus might well be @béoprecentral sulcus. This serves to
reinforce the conclusion that the dilemma assodiaii¢gh the chosen convention for
orientation can only be resolved by supportingistidf a discerning nature. The dilemma
itself exposes the limitation of examining fissuagsl sulci without the context provided by

adequate supporting studies.
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4.1.2 DISCUSSION ON THE METHODS USED TO ACQURE
QUANTITATIVE DATA, THEIR LIMITATIONS, AND THE

RECOMMENDATIONS ARISING THERE-FROM

4.1.2.1 DIRECT METHODS OF MEASURING SULCAL- AND INTERSULCA L-
LENGTHS

The measurement of gyri and sulci on the surfadbebrain is problematic. The soft
texture of the brain makes manipulation diffictdardening the brain would invariably
involve shrinkage, making the accuracy of measuntsnender these circumstances
guestionable. The curvatures of both the brainwhkae, and that of the gyri as well,
introduce further complications, as discussed atige 4.1.2.2 at pg 229. The chosen
methods for the measurement of sulcal- and inteasulengths in the present study
represented the best possible compromise withitirtresscale of this project. They were
far from sophisticated, but simple, easy to exeand inexpensive. The only drawback
was that the measurement of sulcal lengths wastimesconsuming. They represent the

only clearly stated method of measuring sulci ayril @ncountered in the literature to date.

The reproducibility of the methods, were monitoreyltaking a repeat measurement in
each case. It was noted that there was a very ctosespondence between the values
obtained for the first- and the second- recordfgsach sulcal- and intersulcal length. The
data that were recorded in the Tables of Appendicasd H, illustrate this point. The
conclusion is that the method for measuring su&aiths [see section 2.9 (on pages 97 to
103)] and intersulcal lengths [see section 2.10p@aes 103 to 107)], produced recordings

that were reproducible and were hence reliable. éd@n the placement of pins and

228



needles is again, a personal decision. Althougltémeention for such decision-making is
spelt out in detail and was strictly adhered teerhobserver reliability studies are indicated

here as well.

4.1.2.2 [INDIRECT METHODS OF MEASURING SULCAL- AND
INTERSULCAL- LENGTHS

Obtaining fresh brain specimens, especially foe@esh purposes is a difficult process. The
Departments of Anatomy that were explored appetareely on existing collections of

brain specimens (hence the decision to use theatimihs of the Departments of Anatomy
of the University of Witwatersrand and Walter Sisulniversity, in the present study). But,
research into fissures and sulci is a protractedgss. The ideal would be to work from
some sort of permanent visual record, which woeldase the sample for teaching

purposes. This is the background behind whichnileect methods were probed.

The first method explored, was that of measurergnise of photographic negatives. It
was considered neither feasible nor sufficientlyuaate, in view of the difficulties
associated with obtaining a standard magnificadiotihe negatives [section 3.1.2.2 (i), pg
122]. The next method explored, was that of measent by use of printed photographic
images. Thus method was subject to the same phallthe previous indirect method of
measuring would have faced, if the problems arabtdining a standard magnification (of
the negatives) had been resolved. It was foundltlea¢ were changes in magnification
relative to changes in height from the camera erstime specimen [see section 3.1.2.2 (ii)

on pages 122 and 123, as well as Figs 3.6 andni3yg d.24]. This led to the conclusion
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that the manipulations required to produce accuraterdings of sulcal- and intersulcal-
lengths (by analysis of photographic negatives@anted images) were beyond the scope
of this study. Both methods were therefore abandonlee photographic methods of
measurement, that were explored by the preseny,siteie also used by other researchers.

There appears however, to be no evidence that thededs were properly validated.

The third method explored, was that of measuretgnise of pen tracings of the fissures
and sulci on the surface of the cerebral hemisghémneview of the finding in section
3.1.2.2 (iii) on pg 123 (see Fig 3.8 on pg 125} tha margin of error when using pen
tracings as a method of measurement, was probaiity hwas concluded that the
reliability of this method, was probably low. Peadings of the fissures and sulci were
therefore judged to be unsuitable for the accuraasurement of sulcal- and intersulcal-
lengths. This method of measurement was abandtéiseshntribution to a study of this
nature is that it is an excellent and inexpensieams of making a visual record of the
features of fissures and sulci. It also makesdeatification of descriptive details in

photographs much simpler.

Although measurement by use of the microscribeidagiwas abandoned [see section
3.1.2.2 (iv), on pg 126] it is the only indirect thed explored that holds the promise of
providing quick and accurate measurements of sldagths, intersulcal lengths, gyral
width, and surface area. Solving the technical jerob associated with the equipment is,

however, a proviso.
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413 SUMMARY OF THE RECOMMENDATIONS ARISING
FROM THE DISCUSSION ON METHODS

It is suggested through the medium of this text thdher studies on —fissures and —sulci:
be conducted by more than one observer (such stugiee beyond the time-scale of the

present project) and consider both structure andtion.

4.2 DISCUSSION ON THE DESCRIPTIVE
ASPECT OF THE PRESENT STUDY

The thrust of the present study was confirmatoy\was based on the work of:

* Ebeling et al (1989), as regards the Types of Catinnes of fissures and sulci

of the frontal operculum, and

« Others, as regards the Patterns of the Anteriori Ramterior ascending and

anterior horizontal) of the lateral fissure.

An important preamble to the above- mentioned cor#tion was seen to be:

» Arrigorous process of orientation and the carefahtification of the boundaries of
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the frontal opercula, a well as
» A comparison between the features of the relevatividual sulci, as reported in
the literature survey, with those that are repoinettie present study. The purpose
of such a prolonged preamble was to establisharaassfpossible, whether or not equivalent
structures were being compared. It should be nibizickthe only comprehensive reference
sourced to date on the fissures and sulci of thratdit lobe was that of Ono et al (1990).
This poses a limitation for critical comment espéigion sulci that are not well reported on

elsewhere in the literature.

421 DISCUSSION ON ORIENTATING SULCI RELATIVE TO
THE REMAINING QUESTIONS POSED IN CHAPTER TWO

The outstanding question is:

» Aretheincidences of the permanent features of the orientating fissures and sulci
[aslisted in sections 2.8.2 (a) and 2.8.2 (b) at pages 87 and 89 respectively],

consistent with the findings of previous studies reviewed thus far?

The three pertinent features examined for the akfisisure and the postcentral sulcus
were: the pattern of the fissure (and sulcus)whbale; the shape of the inferior termination
of the fissure (and sulcus); and the connectionbefissure (and sulcus) at and below the

level of the inferior frontal sulcus.
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The finding in the present study that the centssiure was predominantly continuous is
well established in the literature, as reviewednp et al (1990). Ono et al (1990), in their
own study, describe an interrupted pattern onhéright hemisphere and quote an
incidence of 8%. The number of segments, when altteqm of the central fissure was of
the interrupted type, is not stated. The incidesfdbe continuous central fissure in the
study of Ono (1990) is slightly higher than theidence reported in the present study for
the control group (92% in both hemispheres ver8es% in the right hemisphere and 80%
in the left hemisphere), but very similar to thgpported in the case group (91.1% in the

right hemisphere and 90.9% in the left hemisphere).

The straight-, “Y’(inverted)- and ‘T’ (inverted)shapes of the inferior termination of the
central fissure reported by Ono et al (1990) wérgeoved in the control group in the
present study. Only the inverted ‘T’- shape wasalsterved in the case group. Although
there were differences in the incidences of th@abaf the inferior termination of the
central fissure between the present study andfi@no et al (1990), it is not clear
whether or not they include the approach to theriaf termination, or the termination
itself (as in the present study). A direct comgpamiof the incidences of the shapes of the
inferior termination of the central fissure, betwedke study of Ono et al 1990) and the

present study, was therefore not possible.

The connections of the central fissure as repdiye@no et al, (1990) were also found in
the present study. The most significant conneaticthe central fissure, for the purposes of
the present study, was that with the lateral fsswhen comparing the findings of the

present study (see Table 3.3 on pg 132) with thathers reviewed in the literature survey
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(see Table 1.2 on pg 26), on the connection otémtral fissure with the lateral fissure, it
can be seen that the incidence of: (15.4%) initite hemisphere and (12.3%) in the left
hemisphere in the control category; and (17.8%hénright hemisphere and (8.9%) in the

left hemisphere in the case category, falls withimreference range of 5% to 19%.

Ide and Aboitiz (2001) in a study of forty postn®ort brains report on the inferior
termination of the postcentral sulcus. They fothdinferior postcentral sulcus to have
only two types of endings: either connected toldéiberal fissure [Type | of Ide and Aboitiz
(2001)], or ending freely [terminating above theetal fissure, Type Il of Ide and Aboitiz
(2001)]. The incidence of a connection of the iiiepostcentral sulcus with the lateral
fissure was 52.5% in the left hemisphere and 47rb#éhte right hemisphere. They state that
their finding of an approximately equal prepondesaf these two connections of the
inferior postcentral sulcus, in both hemispherescarred with that of Ono et al (1990).

Ide and Aboitiz (2001) report a sexual dimorphisnthie incidence of their Types | and Il.
Type | was found to be more predominant in maled, Bype 1l more predominant in

females.

The present study reports three possible connectarthe inferior postcentral sulcus: a
connection with the lateral fissure, a free endamy] a rare connection with both the lateral
fissure and the central fissure (1.5% in the lefnfsphere only in the control group and
2.2% in the right hemisphere only in the case greep Table 3.7 on pg 136). In contrast
to the previous two studies, the connection ofitifierior postcentral sulcus to the lateral

fissure predominated in the present study (78,5%arieft hemisphere, and 72.3% in the
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right hemisphere, for the control group; as welfr8$% in the left hemisphere, and 68.9%
in the right hemisphere, for the case group). Téed of a higher incidence of this
connection in the left hemisphere was however, meskin the present study. The higher
incidence of the Type | of Ide and Aboitiz (200d)the present study may well be a
reflection of the predominance of male cadavers tereale cadavers in South African
medical schools [in the past (personal experient®)jiew of the more consistent results
obtained for the central fissure, it is suggeshed the connections of the inferior

termination of the postcentral sulcus may be suligegreater variability.

The conclusion is that the primary fissure usedfagntation purposes in the present study
(the central fissure) is similar to the fissuredu® orientation purposes, in the studies

reported on in the literature review.

The information on the:

» Connections of the Central Fissure other than to ta Lateral Fissure,
» Anterior- and, posterior- subcentral sulci, and the
» Postcentral sulcus, is submitted as an aid to theecognition of patterns
in the frontoparietal operculum (see Table 3.4 on@ 133, and Tables 3.5 to 3.7, pages

135 to 136; with Fig 2.3 on pg 82 and Fig 2.6 on [&8).
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4.2.2 DISCUSSION ON THE BOUNDARY SULCI RELATIVE TO
THE REMAINING QUESTIONS POSED IN CHAPTER TWO

The outstanding question is:

* Aretheincidences of the pertinent features [see them listed in sections 2.8.2 ()
and 2.8.2 (d) on pages 90 and 91 respectively] of the two boundary sulci
mentioned in section 2.1.2 (a) on page 59, consistent with the findings of previous

researchers?

The three pertinent features examined for the pitelesulcus were: the pattern of the
sulcus as a whole; the shape of the inferior teation of the sulcus; and the connections
of the sulcus at and below the level of the infefiontal sulcus. The four pertinent features
examined for the inferior frontal sulcus were: gagtern of the sulcus as a whole; the
connections of the posterior end of the sulcusidbe number of branches into the frontal

operculum; and the existence of the accessory @peircular and triangular) as branches.

(a) THE PRECENTRAL SULCUS (SULCI)

Unlike in other studies, a small notch from thegibundinal fissure into the superior frontal
gyrus, was also included in the counting of thenseggs of the precentral sulcus. Including
the notch did not interrupt the quick and smoottcpss of examining the sulcus as a

whole (from the lateral fissure inferiorly to thenhitudinal fissure superiorly). This notch
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is actually a part of the medial precentral sul¢tngontrast to the study of Ono et al
(1990), the present study also reports the raréreayus pattern for the single precentral
sulcus (one case in each hemisphere in both theotoand case- groups, see Table 3.9

on pg 140).

Double precentral sulci were seen slightly moremfih the left- than in the right
hemisphere [9.2% in the left hemisphere versus 62%te right hemisphere in the control
category; and 2.2% in the left hemisphere versusrO#te right hemisphere of the case

category, see Table 3.8 on pg 138].

The implications of the finding of double precehsualci (see Figs 3.2 and 3.3 on pages
117 and 118 respectively) in the present study wexe the decision to close the posterior
boundary of the frontal operculum with either th&erior precentral sulcus or the inferior
part of the anterior precentral sulcus was justifend that the criteria associated with the
description of the Types of Sulcal Connectionstijeffrontal operculum) required

adjustment.

The present study reports the same shapes foertiméntation of the single precentral
sulcus as does Ono et al (1990). The incidencésest shapes in both hemispheres, for
the control- and case- categories are also sitailhvat of Ono et al (1990) although again,
it is not clear whether or not the approach toitifierior termination, or the termination of

the sulcus itself, was considered (in the stud@wob et al, 1990).
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Tables 3.11 and 3.12 (on pg 142) as well as 3.18 &114 on pg 143), relative to the

literature surveyed thus far, constitutes new datan the double precentral sulci.

The most significant connections of the single préx@l sulcus, for the purposes of this
study, were those to the lateral fissure and tartfegior frontal sulcus. When examining
Table 3.15 (on pg 144) it can be seen that theiorfprecentral sulcus was connected to:
the lateral fissure only, as well as to both therk fissure and the inferior frontal sulcus.
Putting this together yields the total incidenceéhaf connection of the single precentral
sulcus with the lateral fissure. When comparinglésai3.15, on pg 144 and 1.3, on pg 27, it
can be seen that the incidences of this connect®i@% in the right hemisphere and
18.6% in the left hemisphere, in the control catggtalls within the reference range of
15% to 42%, that excludes the study of Ebelind €1289). The incidences of this
connection for the case category: 11.1% in thet tigimisphere, and 13.6% in the left
hemisphere, falls slightly short of the 15% thasweported by Cunningham (1892). The
implications are that the single precentral subsiseported in the present study appears

similar to that reported in the literature survexcept for the study of Ebeling et al (1989).

The information on the connections of the inferiorends of the anterior- and posterior-
precentral sulci, at and below the level of the imrior frontal sulcus (relative to the
literature surveyed thus far) constitutes new datgsee Tables 3.16 and 3.17 on pages

144 and 145).
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(b) THE INFERIOR FRONTAL SULCUS

A comparison of the findings of the present stuaty the connection of the inferior frontal
sulcus with the single inferior precentral sulcé8.2% in the right hemisphere and 87.8%
in the left hemisphere, in the control categorywa#l as 75.6% in the right hemisphere and
82.2% in the left hemisphere, in the case categag, Table 3.18 on pg 146)], with that of
other studies reviewed in the literature (see Tableon pg 27) reveals that the incidence

of such a connection is within the reference rasfgé7.4% to 90%.

The picture is not so clear- cut when considerimggattern of the inferior frontal sulcus
itself. The only pattern observed in the presamtystnot reported by Ono et al (1990), was
that of interruption with five segments (2.2% i tleft hemisphere, case group only). The
present study has a considerably lasgample number than that of Ono et al (1990), & it
not surprising that evidence of more segmentatfdheinferior frontal sulcus has
emerged. Ono et al (1990) report that the mosufratpattern of the inferior frontal sulcus
was that of a continuous sulcus (56% in the rigimhisphere and 40% in the left
hemisphere). The incidence of this pattern in tlesent study (see Table 3.18 on pg 146)
was: 23.4% in the right hemisphere and 34.4% irldfidcnemisphere, in the control group;
and 13.6% in the right hemisphere and 17.8% indfidvemisphere in the case group.
This was not viewed as a serious difference becausss not clear from the report of Ono
et al (1990), whether or not pseudo-connectiongwensidered. In the present study, a

pseudo-connection was recorded as an interruptéerpa
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Ono et al (1990) report a range of 1 to 3 brandfdise inferior frontal sulcus into the
frontal operculum (with 2 branches predominatingf/ain the right hemisphere and 76%
in the left hemisphere). The present study remoresge of 1 to 5 branches of the inferior
frontal sulcus into the frontal operculum (withrfada3 branches predominating in both
hemispheres in the control group; and a fairly esgread among 1, 2, and 3 branches in

the case category, see Table 3.20 on pg 147).

The general conclusion is that theritical aspects of the boundary sulci examined in
the present study are similar to that described irthe literature survey, with the
exception of the incidence of a connection betweéme inferior precentral sulcus and

the lateral fissure, as quoted by Ebeling et al (B9).

4.2.3 DISCUSSION ON THE SULCI OF THE FRONTAL
OPERCULUM RELATIVE TO THE REMAINING
QUESTIONS POSED IN CHAPTER TWO

The outstanding question is:

» Aretheincidences of the features of the major- and accessory- sulci of the
frontal operculum that were listed in section 2.8.2 (eto h) on pages 93 to 96,

consistent with the findings of previous researchers, for ungrouped data?
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4.2.3.1 DISCUSSION ON THE MAJOR SULCI OF F3

Much of the information on the major sulci (ante@scending ramus-, anterior horizontal
ramus-, and stem of the anterior rami where appljain the literature reviewed thus far,
is devoted to the patterns associated with theray Will therefore be discussed primarily

within this context in section 4.2.4 (on pages &4257).

The information on the shapes of the anterior ram{relative to the literature reviewed
thus far) constitutes new data (see Tables 3.23 pg 153 and 3.26, on pg 155; as well
as Fig 2.7 on pg 95). Since detailed information dhe anterior horizontal ramus in

the literature reviewed thus far is scanty, Table8.25 and 3.27 (on pages 154 and 156

respectively) are a contribution in this regard.

4.2.3.2 DISCUSSION ON THE ACCESSORY SULCI OF F3

(a) THE OPERCULAR SULCUS (SULCI)

The opercular sulcus, in the present study, wasdaa be present as one sulcus or as two
sulci (see Table 3.28 on pg 159). The only hire sEcond opercular sulcus, in the
literature reviewed thus far, comes from the stoffJyomaiuolo et al (1999), who reports a
‘small dimple (see line 6 of the last paragraphpgriO for a definition) in almost all
hemispheres’. The present study uses a definifisaloi that includes notches and clearly

stipulates the boundaries of the pars operculltis possible, that these factors may have
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led to a consideration of the opercular sulci thas more inclusive than was considered

previously.

In the literature reviewed thus far, the inciden€éhe opercular sulcus, as described in the
present study, has been reported in the studi@nofet al (1990) and Tomaiuolo et al
(1999). These incidences are relative to a singéraular sulcus [although dimples are
mentioned by Tomaiuolo et al (1999)]. Ono et alB@Preport an incidence of 64% in the
right hemisphere and 72% in the left hemispheneafeole diagonal (opercular sulcus),
while Tomaiuolo et al (1999) report an incidenceg2%o in the right hemisphere and 34%
in the left hemisphere. Both studies show a shgbtkater incidence in the left
hemisphere. Since the present study reports seleek as double- opercular sulci, it is
difficult to make direct comparisons with the seslbf Ono et al (1990) and Tomaiuolo et

al (1999) relative to incidences.

The combined incidences of the presence of thecafgersulci (sole and double), including

notches, in the present study were:

* 61.6% in the right hemisphere and 52.3% in thehefhisphere in the control
category, and
*  68.2% in the right hemisphere and 71.1% in thehefhisphere in the case
category (see Table 3.28, at pg 159).
These incidences of the opercular sulcus (sulcigwieerefore within the reference range

of: 32%-64% in the right hemisphere, and 34%-72%éleft hemisphere. This statement
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is also true when considering the sole opercull@uswnly. Note that in the present study,
a slightly greater incidence of the opercular ssilicuthe left hemisphere was observed
only in the case group (when the opercular sulcas pvesent as two sulci, and the sample

size was smaller).

Ono et al (1990) and Tomaiuolo et al (1999) appeaegard the opercular sulcus as a
sulcus of the pars opercularis, as does the presahy, rather than as a strictly diagonal
sulcus. This appears to contrast with the approéd&alaburda (1980) who depicts the
opercular sulcus as diagonal in shape, with a adioreto the anterior ascending ramus

only, in a study of one hundred and two brains.

Galaburda (1980) states that one of the objectvéss study was to determine whether
the posterior-superior branch of the anterior adicgnramus, described by Eberstaller in
1884 (as the diagonal sulcus) could be confirmethaly bepossible that the study of
Galaburda (1980), focused on one particular oparaulcus, the diagonal sulcus (see
acknowledgements pg vi). Galaburda (1980) foundttha diagonal sulcus was: absent
(incidence unstated); present in both hemisphéreguently, incidence unstated); or
present in either the right hemisphere (in 13 Qamely or in the left hemisphere (in 27
cases) only. In contrast to the study of Galab(t®80), the present study reports that
there appears to be an approximately equal disivibof the diagonal sulcus (when
strictly diagonal) to both hemispheres (see Talblleo pg 244). It is possible that the
opercular sulcus when diagonal in shape and tlgodal sulcus of Galaburda (1980)

might be similar sulci. However, a comparison @& tonnections of the diagonal sulcus, in
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the present study, with the sole connection reddsteGalaburda (1980) reveals a different

picture.

The incidence of the connections of the sole oparaulcus when diagonal in shape is
given in Table 4.2 on page 245 (control only). Tit@dence of the connections of the first-
and second- opercular sulci when diagonal in sieageren in Table 4.3 on page 245
(control only). It should be noted that that thegnent connection of the diagonal sulcus
with the anterior ascending ramus of the latesalie [observed by Galaburda (1980)] was
not observed in the present study. An incidendérefe in the left hemisphere (in the
control group only) for the sole opercular sulasg one in the right hemisphere (in the
control group only) for the second opercular sulesisertainly not frequent. This is a
notable discrepancy between studies of comparalbhple size (two hundred and four
hemispheres in Galaburda (1980) and two hundredveerty hemispheres in the present

study.

Table 4.1 Incidence of the opercular sulcus when diagonahishape in the present
study. Incidences expressed as number of cases.

PRESENT IN PRESENT IN RIGHT PRESENT IN THE
Sulcus: BOTH HEMISPHERE ONLY | LEFT HEMISPHERE
HEMISPHERES ONLY
Sole Opercular :
Control 3 5 6
Case 4 10
Double:
First control 2 1
First case 1 2
Second control 3 2
Second case 2 2
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Table 4.2 Connections of the sole opercular sulcus when djanal in shape (control
only).

RIGHT HEMISPHERE LEFT HEMISPHERE

CONNECTION WITH: n=8 | FREQUENCY n=9 | FREQUENCY
(PERCENTAGE) (PERCENTAGE)

1. Inferior Frontal Sulcus 3 (37.5) 422.2)

2. Lateral Fissure 2 (25.0) 3 (33.3)

3. Anterior ascending 0 3 (33.3)

ramus

4. Stem of the anterior rami 0 1 (1n)

5. No sulcus (Free) 3 (37.5) 0

Table 4.3Connections of the First- and Second Opercular Scil when the Opercular
Sulcus appeared diagonal in shape (control only).

CONNECTION WITH: RIGHT HEMISPHERE LEFT HEMISPHERE
FREQUENCY FREQUENCY

FIRST OPERCULAR SULCUS n=2 n=1

1. Inferior Frontal Sulcus 1

5. No sulcus (Free) 0

SECOND OPERCULAR SULCUS n=3 n=2

1. Inferior Frontal Sulcus 1 0

2. Lateral Fissure 1 1

3. Anterior ascending ramus 1 0

4. Stem of the anterior rami 0 1

The findings in the present study on the connestadrthe opercular sulcus:

» Also differs from that of Ebeling et al (1989), wheport the opercular sulcus
(‘probably the diagonal although not diagonal iaps#) as only arising from the

inferior frontal sulcus.
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* Is more in line with that of Tomaiuolo et al (199@o report three possible
connections for the opercular sulcus (see pg Athiding that of a lack of
connection with other sulci (that is, it occurreddly in the pars opercularis); and

» It also concurs with the work of Ono et al (1990ho report that there were five
possible connections for the diagonal (operculalus, see Table 1.6 on pg 44.

A possible explanation for the differences mayidighe method of sample selection by

both Galaburda (1980) and Ebeling (1989).

The information on the shapes of the opercular sules or sulci, other than the
diagonal shape (relative to the literature reviewedhus far), appears to be new data,
see Tables 3.29 and 3.30 on pages 161 and 163 retypaly). It is submitted that the
present study, relative to the literature reviewedhus far, is the only comprehensive

reference on this sulcus.

(b) THE TRIANGULAR SULCUS (SULCI)

The Triangular sulcus (sulci ) occurred much moeguently than the opercular sulcus
(sulci), see Tables 3.33 on pg 166; and 3.28 ob58g Triangular sulci, in the present
study, have a combined incidence of: 84.4% in idjiet hemisphere and 93.3% in the left
hemisphere. This appears to vindicate the dec#idkada et al (1975) and Albanese et al
(1989), to use this sulcus as a landmark for measent purposes. It also points to the
value of this sulcus as a landmark when attempandentify and classify the sulci of the

frontal operculum. They were therefore includethie modified description of the Types

246



of Sulcal Connections [see section 3.2.4.1 (on pa4F8 to 179); as well as Figs 3.27 and

3.28 (at pages 180 and 181 respectively].

All data presented on the triangular sulci (relative to the literature reviewed thus far)

constitutes new data.

4.2.4 DISCUSSION ON THE TYPES OF SULCAL CONMCTIONS
AND THE PATTERNS OF THE ANTERIOR RAMI IN THE
FRONTAL OPERCULUM

Comment has already been made on the limitatiossuolying fissures and sulci without
adequate supporting studies [see section 4.1.fpgges 226 to 227)]. Notwithstanditigs,
once the conventions for identifying fissures anidisare clearly stated, it is possible to
use the sulcal maps, of the fissures and sultheofrontal operculum, in order to
reasonably predict the possible location of thermt speech areas. The usefulness of the

study of Ebeling et al (1989) points to this.

Since the study of Ebeling et al (1989) was thg oelerence available on the types of

sulcal connections in the frontal operculum, it wabjected to indirect probing. This
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evaluation is presented in section 1.8.1 (pagds 32). The key areas that required

clarification were:

» The possible presence of a double precentral sulcuisw of the findings of Ono
et al (1990) on this sulcus,

* The incidence of a connection of the inferior preéca sulcus with the lateral
fissure,

» The incidence and connections of the operculag(dial sulcus),

» The inconstancy of the anterior horizontal ramuastine to the anterior ascending
ramus, and

» The patterns of the anterior rami relative to tfes of sulcal connections in the
frontal operculum [Ebeling et al (1989) depict otllg ‘V-U’ pattern of the

anterior rami].

The results obtained on the central fissure, confins that the present study is
orientating the frontal operculum in a similar fashion to the studies examined in the
literature review. The findings on the precentral silci, accessory sulci, and the
different locations of the anterior horizontal ramus led to amodification of the
descriptions of the types of connections [see section 3.2.4.1 on pages 173, 174 and 177;
as well as Figs 3.2206 pg 17%, 3.23 6n pg 176, 3.24 6n pg 178, 3.25 bn pg 179, 3.27

(on pg 189 and 3.28 6n pg 18]].
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The finding of double precentral sulci in the presgudy, meant that the posterior
boundary of the frontal operculum could be markgeither the single inferior precentral
sulcus or the inferior portion of the anterior gretral sulcus [see Figs 3.2 (on pg 117) and
3.3 (on pg 118)]. When examining Table 4.4 (or2p@), it can be seen that the double
precentral sulci appeared to have made no sulstdifference to the frequency with

which the four types of sulcal connections occuirethe present study.

The findings of the present study on the conneatiahe single inferior precentral sulcus
to the lateral fissure, is consistent with the Esdeviewed in the literature, except with
that of Ebeling et al (1989), see section 4.2.2{gages 236 to 238. The study of Ebeling
et al (1989) reports a higher incidence for thisrexrtion compared to other studies on this
issue, perhaps because different criteria were wsestablish whether or not a connection
existed between the inferior precentral sulcusthadateral fissure. It is possible that the
opercular sulcus when arising from the lateralfisor even the anterior subcentral sulcus
may have been included as part of the inferiorgmézal sulcus in the study of Ebeling et al
(1989). This could also explain the higher incicen€the connection of the inferior
precentral sulcus to the latefaisure in the anatomical study of Ebeling et &89). This
higher incidence for a connection between the infgarecentral sulcus and the lateral
fissure may also have been an artifact of the sampéchnique used. Another possibility

is that there may be a relationship between thidémce of certain connections and the

predominant language spoken.
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Table 4.4 The Incidence of Types of Sulcal Connections enRhontal Operculum in the
present study, relative to that reported by Ebedingl (1989). [Note that the incidences of
each type of sulcal connection in the left hemisplias been added to its counterpart in
the right hemisphere [as in Ebeling et al (1988)pider to make this comparison

possible]. Values are expressed as percentages.

Type Type Type Type

1 2 3 4
The Study of Ebeling et al (1990):
Anatomical Study 76 11 10 3
MRI Study 90 5 5 0
Present study excluding the double precentral
sulci:
Control group 41.2 3.5 53.5 1.8
Case group 24.7 5.6 68.5 1.1
Present study including the double precentral
sulci:
Control 39.2 3.8 55.4 15
Case 24.4 5.6 68.9 1.1

The major discrepancy between the present studyreidf Ebeling et al (1989) lies with
the incidence of Type 1 relative to Type 3. Thislesarly related to the frequency of
occurrence of the opercular sulcus. The analysiBebpercular sulcus in the literature
review relative to the present study (section 42(8), at pages 241 to 246) demonstrates
that the incidence and connections of this sulcas probably underestimated by the study
of Ebeling et al (1989). This may possibly be ekpd by the definition of the opercular

sulcus employed by Ebeling et al (1989), or byrteampling technique.

A more inclusive description of the types of sulcahnections is presented in section
3.2.4.1, at pages 173, 174 and 177; and summanigéds 3.27 (at pg 180) and 3.28 (at pg

181) in view of the findings on double precentrats opercular sulci, and triangular sulci.
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Although this represents a clearer picture anataltyict is expected that the picture may
be slightly different radiologically. The small subr notches may be obscured by the
meninges and blood vessels, leading possibly reatey incidence of Type 1 in a
radiological study. Further studies exploring thdity of anatomical studies to predict the
radiological picture are indicated, in order tolease the true contribution of the present

study to radiological diagnosis.

In common with the findings of the studies revieviethe literature survey [Eberstaller
(1890); Cunningham (1890) and (1892); Ono (1990) lale (1999)], three patterns of the

anterior rami, were found in the present study:

* ‘' (single ramus, either the anterior ascendingnder@or horizontal),

* 'Y’, (two anterior rami joined to a common stempda

* ‘V-U’ with intermediates (two separate anterior ram

A possible third ramus from the lateral fissure wiassified in the present study, as an
opercular sulcus that arose from the lateral fis¢see Tables 3.31 and 3.32 on pages 164
and 165 respectively). The incidence of this palicopercular sulcus was: 6.2% in the
right hemisphere and 13.8% in the left hemisph@re et al (1990) report the incidence of
a true connection of the opercular sulcus (diageunkus) with the lateral fissure as 0% in
the right hemisphere and 4% in the left hemisph&lttough the incidence of this
additional ramus and / or opercular sulcus is ighigher in the present study, the

difference is small (under 10%). Cunningham (18@@prts more than two rami in 1% of
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cases studied. A description of this third ramu€wohningham (1890) is however not

quoted by the secondary source (Bergman, Afifi, lsindauchi, 2000).

The ' pattern of the anterior rami was observed ranelthe present study, in contrast to

most reports in the literature review (see Tabdeoh pg 250). When comparing the

present study with that of Cunningham (1890) it barseen that:

* The incidence of the ‘Y’ pattern was similar in batudies,

* The higher incidence of thg*pattern in the study of Cunningham (1890) was

accompanied by a lower incidence of the ‘VU’ pattégee Table 4.5 on pg 253). A
possible explanation may lie with the acceptedtiona of the anterior horizontal ramus.

In common with Ono et al (1990), the present stgtypgnises three possible locations for
this sulcus: on the lateral surface, at the orloitatgin, and on the orbital surface of the
frontal lobe (see Table 3.25 on pg 154). It is fmeghat the study of Cunningham (1890)
does not recognise the location of the anterioizbatal ramus on the orbital surface of the
frontal lobe. Note that when we accept the orlatadin of the anterior horizontal ramus, a

‘V-U’ pattern of the anterior rami is obtainedwe ignore the orbital origin, ag™ pattern

of the anterior rami is obtained. Indeed, if thexabfactor is corrected for in the present

study, the incidences of thg pattern of the anterior rami closely approacht tifa

Cunningham (1890), as shown in Table 4.5 at pg Z68.above explanation could well

account for the trends observed in the right hehasgs, for thes and ‘VU’ patterns, in

the studies of Cunningham (1892), Connolly (1980y Ide (1999), see Table 4.6 on

pg 254.
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Further weight to this explanation is added by the:

* The similarity of incidences of the ‘Y’ patternthne right hemispheres of the

studies reported on in Table 4.6 on pg 254, and

» The close correspondence between the incidendés phatterns as reported by

Ono et al (1990) and that of the present studtherright hemisphere (Table 4.6 on

pg 254.

Table 4.5 The Incidence of the Patterns of the Anterior Remtihe present study

relative to that reported on in the literature esvi(hemispheres were not considered

separately). The incidences are reflected a peagest

OV
Cunningham (18905 32.0
Present study:
Control group 37.7
Case group 344
Present study when specimens with an orbital
location of the anterior horizontal ramus are
eliminated:
Control group 37.7
Case group 344

EVASE

37.0

60.8
63.3

38.5
36.6

30.0

15
2.2

23.8
28.9

2 Note that in the outstanding 1%, there is the stinavhere more than two anterior rami were present.
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Table 4.6 The Incidence of the patterns of the Anterior Ramthe present study
relative to that reported on in the literature esvi(with reference to the right and left
hemispheres). The incidences are reflected asmages. Note that the question

marks indicate that these incidences were not quatthe secondary reference.

RIGHT HEMISPHERE LEFT HEMISPHERE

STUDY: 2% VU Y VU
Cunningham (1892) ? ? 41.0 ? ? 15.0
Connolly (1950) ? ? 25.0 ? ? 3.0
Ide (1999) 25.0 30.0 45.0 40.0 45.0 15.C
Ono (1990) 28.0 64.0 8.0 24.0 60.0 16.C
Present: Control Group 36.9 61.5 15 384 60.0 1.5
Case Group 24.4 73.3 2.2 44.4 53.3 2.2

The study of Connolly (1950) reports an incident8% for the ¥ pattern in the left
hemisphere. This closely corresponds to the incideri the ¥ pattern in the left

hemispheres of the present study (1.5% in the cbgtoup and 2.2% in the case group).

This may appear to contradict the explanation etfeyn the higher incidence of thé *

pattern of the anterior rami relative to the orbitagin of the anterior horizontal ramus.
There is however, no conflict because the predadygound a higher incidence for an
orbital origin of the anterior horizontal ramustive right hemisphere, as compared to the
left hemisphere [29.2% in the right hemisphere Bnd% in the left hemisphere in the
control group; as well as 35.6% in the right herhese and 17.7% in the left hemisphere,

in the case group, see Table 3.25 on pg 154].

When examining the incidences of the patterns @fifiterior rami in studies of the left

hemispheres (Table 4.6 on pg 254) it can be sexrihth incidence of the/” pattern is

254



slightly elevated in the study of Ono et al (199)is occurs at the expense of the Y’
pattern. This is surprising in view of the explaoatgiven about the relationship between

the ‘¢ pattern and ‘V-U’ pattern. The smaller sampleesi# the study of Ono et al (1990)

may have masked the general trend of a greatetance of the 'Y’ pattern in the left

hemisphere as compared to the right hemisphere.

The two anterior rami were never absent togetheicating that when depicting a Type 4
(of sulcal connections in the frontal operculurhg ainterior horizontal ramus ought to be
shown as a constant sulcus [compare Fig 1.9 Egd&¥jpto Figs 3.27 E (on pg 180) and
3.28 E (on pg 181)]. Note that the anterior hortabramus was no more likely than the
anterior ascending ramus to be absent. This swessepicted as being inconstant, by
Ebeling et al (1989) see Fig 1.9 B to E, on pgT2®y might have not considered the

orbital origin of the anterior horizontal ramus.

Attention was drawn in the literature review to thsufficient reporting of the study of
Ebeling et al (1989) on the incidence of the pati@f the anterior rami, relative to the
types of sulcal connections in the frontal operoulin the present study, Types 2 and 4
were seen too infrequently for trends to be cometenh. The trends observed for Types 1

and 3, are summarised as follows:

« CONTROL GROUP: TYPE 1 (see Table 3.44 on pg 187)

* The 'V-U pattern predominated in both hemismgzer
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* The 'Y’ pattern was seen slightly more in thi lFeemisphere than in the

right hemisphere

* CONTROL GROUP: TYPE 3 (see Table 3.44 on pg 187)
» There was an approximately equal distributiofivofind ‘V-U’ patterns in

the right and in the left hemispheres.

» CASE GROUP: TYPE 1 (see Table 3.45 on pg 188)
* The 'V-U’ pattern predominated in both hemisplsere
* The 'Y’ pattern was seen slightly more in the legmisphere than in the

right hemisphere

» CASE GROUP: (see Table 3.45 on pg 188)
* The 'V-U’ pattern predominated in the right hemispd
* There was an approximately equal distributiofivofind ‘V-U’ patterns
in the left hemisphere.
e The 'Y’ pattern was seen slightly more in thi lFeemisphere than in the

right hemisphere

Interhemispheric studies, using the Chi square oesthe types of sulcal connections [see
Tables 3.40 and 3.41 (on pages 182 and 183 regplggliand patterns of the anterior rami
[see Tables 3.42 and 3.43, on pages 185 and 1géctesly), in the frontal operculum,
revealed no lateralization of either Type of Sul€ahnection, or Pattern of the Anterior

Rami, to either hemisphere. It is possible thadswf the external features of the sulci of
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the frontal operculum may not be able to reveaktkgected larger cortical substrate for
motor speech function in the left hemisphere. Aplioation is that that we do not require
separate sulcal maps for the right as opposecetethhemisphere. This is in keeping with
the finding of Ebeling et al (1989) and the revieissherwood, Broadfield, Holloway,

Gannon, and Hof (2003).

The revelation of lateralisation with respect te ttescriptive features of fissures and sulci,
may require a consideration of both the externdliaternal features of such fissures and
sulci. It is also possible that the evidence fer ldteralisation of the anterior speech area

may be more physiological or biochemical rathentherphological.

425 SUMMARY OF THE RECOMMENDATIONS ARISING FROM
THE DISCUSSION ON THE DESCRIPTIVE STUDY

It is suggested through the medium of this text tha

* More studies of different populations are requiredrder to determine the extent
of variation as regards the features of the froopa&rculum. In other words, that the

database established by the present study, bedexten
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» Such studies be randomised as well as stratifieefkect sex, age, language, and

level of education.

4.3 DISCUSSION ON THE QUANTITATIVE
ASPECT OF THE PRESENT STUDY AND THE
RECOMMENDATIONS ARISING
THEREFROM

The main objective of reporting on sulcal- and nsitécal- lengths was to provide reference
material to the neuroradiologist, and neurosurg&be. mean lengths of the major and
accessory sulci are presented in Tables 3.46 ®(8rbpages 195 to 206) for ungrouped
data (data prior to grouping according to eithepds/of Sulcal Connections or Patterns of
the Anterior Rami), as well as for grouped datdgdmouped according to, either Types of
Sulcal Connections or Patterns of the Anterior Rathis suggested that the quantitative

database also be extended.

We see from the Table 4.7 (on pg 259) that the tifaéime findings of the two studies are

very similar. The present study thus broadly condithe findings of Ono et al (1990).
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In view of the mixed results obtained when the alllengths of the whole brains were
compared to the separate hemispheres (Table 3.66,221), it is suggested that further
interhemispheric studies be conducted on wholabraily. It is also suggested that the
outcomes of studies in the literature that do hedrty state the source of their

‘hemispheres’ be interpreted with caution.

Table 4.7 Sulcal Lengths for ungrouped data in the prestmty relative to that of
Ono et al (1990).

SULCUS: MEAN SULCAL LENGTHS (RANGE)
(centimetres)

RIGHT HEMISPHERE LEFT HEMISPHERE
1. Stem (of anterior rami):

(a) Present Study control 0.79 (0.3- 1.6) 0.70 (0.35-1.4)

(b) Present Study case 0.56 (0.35-0.75) 0.72 (0.3-1.85)

(c) Ono et al (1990) 0.80 (0.4-3.0) 0.90 (0.5-1.5)
2. Anterior Ascending Ramus:

(a) Present Study control 1.43 (0.3 -2.68) 1.50 (0.3-3.25)

(b) Present Study case 1.76 (0.45-2.68) 1.76 (0.65-3.3)

(c) Ono et al (1990) 1.60 (0.2-2.7) 1.80 (0.3-2.9)
3. Anterior Horizontal Ramus:

(a) Present Study control 1.35 (0.4 -2.55) 1.47 (0.45-2.38)

(b) Present Study case 1.70 (0.85-3.1) 1.69 (0.4 -3.08)

(c) Ono et al (1990) 1.50 (0.2-3.5) 1.40 (0.9-2.7)
4. Opercular (Diagonal - sole)

(a) Present Study control 1.93 (0.53-3.33) 1.74 (0.3 -3.25)

(b) Present Study case 1.74 (0.65-3.43) 1.27 (0.45-2.35)

(c) Ono et al (1990) 1.90 (4.0-3.0) 1.70 (0.2-3.2)
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Mean intersulcal lengths taken at the level of¢heerior termination of the anterior
ascending ramus, are presented in Tables 3.67@0(&t pages 223 to 224)his

constitutes new data relative to the literature sweyed thus far.

It is suggested the further measurement of inteaslgngths can contribute to a better
picture of gyral packing in the frontal operculuinan inspection (as used by Ide et al in
1999) in the absence of reliable surface area memunts. Several measurements taken at
successive horizontal levels, from the lateralufisanferiorly, to the superior termination

of the anterior ascending sulcus is worth explaring

The effect of grouping the data into either Type€onnections or Patterns of the Anterior
Rami is summarised in Tables 3.46 to 3.57 (on p&§&go 206) and illustrated in Figures
3.29 to 3.40 (on pages 195 to 206). The follownegds were observed when considering

the effect of grouping on the following sulci:

» Stem of the anterior rami (Table 3.46 and Fig 3.29)

It can be seen that the mean sulcal lengths ajriteped data appear to closely
correspond to the ungrouped data with the exceptidrype 1 (which has very low
sample numbers).

» Anterior ascending ramus (Table 3.47 and Fig 3.30).

The Type 1 sulci in the right hemisphere appedwatee slightly longer mean sulcal
lengths. The mean sulcal lengths in the Y pattppear slightly shorter, while that
of the VU pattern appears slightly longer, in bitte grouped and ungrouped

categories.
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» Anterior horizontal ramus (Table 3.48 and Fig 3.31)

It can be seen that the mean sulcal lengths djrieped data appear to closely
correspond to the ungrouped data with the exceptidrype 1 in the right
hemisphere (control) and left hemisphere (case).

» Sole Opercular Sulcus (Table 3.49 and Fig 3.32).

The effect of grouping is only manifest in the YidavU patterns. The Y pattern
appears to have slightly longer-, and the VU patstightly shorter- mean sulcal

lengths.

» Sole Triangular Sulcus (Table 3.52 and Fig 3.35).
The effect of grouping is only manifest in the YidavU patterns. The Y pattern
appears to have slightly shorter-, and the VU patéghtly longer- mean sulcal

lengths.

The accessory sulci (sole opercular versus sa@rgular) seem to show slightly opposite
trends. It is possible that the external sulcajtbs adjust themselves in order to maintain a
certain level of external fissurisation. It is nesary to have better sample numbers for the
remaining accessory sulci in order to determinetidreor not the overall effect of the
accessory sulci is to correct for the lengths efrtiajor sulci, (slightly shorter anterior

ascending ramus in the Y pattern) in the presealyst

The anterior speech area is primarily located eléfi frontal operculum. It is therefore
expected that the left hemisphere would exhibiteegbrtical substrates to account for the

lateralisation of function. In the present studwgfistical interhemispheric comparisons of
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mean sulcal lengths were performed only on seletd¢al sets (sample sizes 18 and above).

We report no evidence for lateralisation in thespre study, with respect to sulcal length.

It is possible that a consideration of the extdnt o

» External fissurisation relative to external surfacea may yield different results,
» External and internal fissurisation relative toegrtll and internal surface area may

yield different results.

It is also possible that lateralisation in the aotespeech area may be more biochemical or

physiological rather than morphological.

At a prospective level, the probing of the struatand functional substrates of language,
amongst which is the area selected for examinatidine present study, could promote a

deeper understanding of:

* Normal speech and language,
* Speech and language dysfunction, and
» The recovery of speech and language following destm of the associated areas,

and hence, the manipulation of such areas in dodg@romote recovery

Since language is part of a widely distributed retythe fibre connections linking the

structural and functional substrates for speechlamglage, are therefore also significant
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entities. The developmental significance of fiboamections (connectivity) on gyral
modelling and fissurization has already been intoed in section 1.10 on pages 53 to 57.
Knowledge of the factors that are associated wytialgnodelling, the significance of the
structure function relations of the gyral-sulcaltpyand the mechanisms behind the
production of such units could constitute core klealge in the design of new forms of
therapy for destructive injuries at a cortical levecollaborative effort at Monash
University, Australia appears to point in this diien [Laboratory Marketing Spectrum
(Volume 23, Issue (6), 2004]. They are proposirad ¢hbiodegradable hydrogel which,
when injected into a lesioned area of the spinaed coay encourage nerve cells to infiltrate
it and grow. This effort is currently operatingcatl culture level. If successful, they expect
to begin trial tests with rat models. The presémdys contributes to the description of the

gyral-sulcal unit and hence constitutes a firgb stethe context of the above comments.
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5 CONCLUSION

The present study broadly confirms the descripdive quantitative data reviewed in the
literature survey. It goes further and modifies ¢hieria associated with defining the
Types of Sulcal Connections in the frontal operoulit elaborates on the fissures and sulci

of the frontoparietal operculum and clarifies tkess of the opercular sulcus.
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APPENDIX A

THE RECORD OF THE SAMPLE OBTAINED AT THE
DURBAN INSTITUTE OF TECHNOLOGY

A total of forty whole-brains were cleaned, tagged and photographed at the Department of
Human Biology, Durban Institute of Technology in December 2001. They were post-
mortem brains and were therefore fixed outside the cranial cavity. By April 2002, twenty of
the original sample had been used for dissection purposes and were therefore unavailable

for processing.

It was only possible to access the records of seventeen of the twenty remaining in the
sample. This was because the original tags of three of the brains had fallen off their

attachment to the basilar artery.

The patient records were not sufficiently detailed for the purposes of this study (the record
of these details are presented in Table A1, pg 263). This set of specimens and the aims

associated with them were therefore abandoned.
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Table A.1: Patient details of the sample of brains obtained at the Durban Institute

of Technology

Specimen | Cause of Death Ethnic | Race Age | Sex
Group (years)

Bl Gunshot wound to chest ? B! 29 Male
B2 Gunshot wound to mandible and neck ? B 28 Male
B3 Gunshot wound to chest ? B 37 Male
B4 Burns ? B 5 Female
B5 Suicide ? B 23 Male
B6 Gunshot wound to chest ? B 24 Male
B7 Stab wound to chest Zulu B 35 Male
B8 Stab wound to chest ? B 24 Male
B9 Suicide ? B 70 Male
B10 Suicide ? B 26 Male
B11l Gunshot wound to chest ? B 34 Male
B12 Injury to head ? B 21 Male
B13 Drowning ? B 7 Male
B14 Gunshot wound to chest ? B 37 Male
B15 Motor vehicle accident ? B 37 Male
B16 Gunshot wound to chest ? B 20 Male
B17 Suicide ? B 40 Male

' B=Black African origin (race)
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Johannesburg %

Committee for Research on Human Subiects (Medical): Clinical Trials

717-2800 = Fax: +27-11-482-1088
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PC-J/71dsk5/es

Jill Mainwaring
Postgraduate Office
Faculty of Health Sciences 17 May 2002

Dear Jill
re. MS S Kamanzi-wa - MSc by research

Fissures of the Frontal Operculum in a South African Sample

This certifies that this project does not require clearance from the Committee for
Research on Human Subjects (Medical). Human tissue was used covered by the
Human Tissue Act. No. 65 of 1983

Yours sincerely

Professor Peter Cleaton-Jones
Chair: Committee for Research on Human Subjects (Medical)
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APPENDIX C

THE DESCRIPTIVE RECORD IN DIAGRAMATIC FORM
C.1 KEY TO THE DESCRIPTIVE RECORD

Figure C1 (a) Summary of specimen
details.

This is a whole brain specimen (control
group). It is identified as the left
hemisphere of specimen 67, as recorded
by the author (hence SKL 67). Note that
there is a single precentral sulcus
anterior to the central fissure (an office
pin has been inserted in the central
fissure).

Figure C1 (b) Orientation.

Note that an office pin marks the central
fissure and that there is a single
(although interrupted) precentral sulcus.
The inferior precentral sulcus is
highlighted in pink. The postcentral
sulcus (blue) is anterior to the upturned
end of the lateral fissure (white).

Figure C1 (c) Inferior terminations of
boundary and orientating sulci.

The postcentral sulcus and the central
fissure have inverted ‘Y’ endings. The
inferior precentral sulcus has a straight
ending. Note that none of these endings
have a connection with the lateral
fissure.
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Figure C1 (d) Selection of area of
interest.

Since this is the left hemisphere, the
area of interest is selected in dark blue.
The orientating and boundary sulci
are highlighted in white in the area of
interest. The major sulci (stem and
anterior rami) are highlighted in
pink. The only accessory sulcus
(sulcus of pars triangularis) is light
blue.

Figure C1 (e) Key to the diagrammatic
representation of the area of interest
as selected in Figure C1 (d), Part 1.

The specimen number is indicated in
the top left hand corner of the box
(67). Examination of Figure C1 (d)
reveals this to belong to the Type 1 of
sulcal connections (lower left hand
corner of box) and the Y pattern of the
anterior rami (lower right hand corner
of box).

67

1 Y
67

1 e

Figure C1 (f) continued

Figure C1 (f) Key to the diagrammatic
representation of the area of interest as
selected in Figure C1 (d), Part 2. The
mayjor sulci (anterior rami and stem
(when present) are drawn in black. The
accessory sulci are highlighted in green.
Connections and endings of boundary
and orientating sulci (other than
straight) are shown in red. The post-
central sulcus and central fissure
(purple) have inverted ‘Y’ inferior
endings. The inferor precentral sulcus
has a straight inferior ending.

The connection of the inferior precentral sulcus with the inferior frontal sulcus (IFS) as
well as the lack of an opercular sulcus, implies a Type 1 of sulcal connections. The major
sulci form a ‘Y’ pattern. A sulcus of the pars triangularis descends between the anterior

rami from the IFS.
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1 V-U

Figure C2 (c) continued.

Figure C2 (a) Summary of specimen
details.

This is the right hemisphere of
specimen 31 (hence SKR 31). Itisa
separate right hemisphere and
therefore belongs to the case category.
Note that there is a single precentral
sulcus anterior to the central fissure
(CF). An office pin has been inserted
in the CF). An anterior subcentral
sulcus is present.

Figure C2 (b) Selection of area of
interest.

Since this is the right hemisphere, the
area of interest is selected in green.
The orientating and boundary sulci
are highlighted in white in the area of
interest. The major sulci (anterior
rami) are highlighted in pink. The
only accessory sulcus (sulcus of
pars triangularis) is light blue.

Figure C2 (c) Key to the
diagrammatic representation of the
area of interest as selected in
Figure C2 (b). The major sulci
(anterior rami) are drawn in black.
The accessory sulci are highlighted in
green. Connections and endings of
boundary and orientating sulci (other
than straight) are shown in red. The
post-central sulcus has an inverted ‘Y’
inferior ending. An anterior
subcentral sulcus (red) lies between
the central fissure (purple) and the
single inferor precentral sulcus.

The connection of the inferior precentral sulcus with the inferior frontal
sulcus (IFS) as well as the lack of an opercular sulcus, implies a Type 1 of
sulcal connections. The major sulci form a “V-U’ pattern. A sulcus of the pars
triangularis descends as a free (unattached) sulcus between the anterior rami.
{Note that a postcentral sulcus [not shown Fig C2 (c)] when present is also
shown as a red sulcus arising from the lateral fissure between the central

fissure and the postcentral sulcus}.

270



Figure C3 (a) Summary of specimen
details.

This is a whole brain specimen
(control group). It is identified as the
left hemisphere of specimen 46, as
recorded by the author (hence SKL
46). Note that there are two precentral
sulci (green and yellow) anterior to the
central fissure (red).

Figure C3 (b) Selection of area of
interest.

The boundary sulci are highlighted in
white, and the major sulci (stem and
anterior rami in pink. The accessory
sulci: sulcus of pars opercularis (dark
blue) and the sulcus of the pars
triangularis (light blue) arise from the
inferior frontal sulcus. Note that there
are now four vertically disposed sulci
in the selected area as opposed to the
three in Figs C1 and C2.

46 Figure C3 (c) Key to the diagrammatic
representation of the area of interest as
selected in Figure C3 (d), Part 2. The
major sulci (anterior rami and stem
(when present) are drawn in black.
The accessory sulci are highlighted in
green. Connections and endings of
boundary and orientating sulci are
shown_in red. The anterior subcentral
sulcus (red) lies between the posterior
precentral sulcus (pink) and central

3 Y fissure (purple).

Figure C3 (c) continued.

The post-central sulcus, the central fissure, the posterior precentral sulcus, and the
anterior precentral sulcus have straight inferior endings. The connection of the anterior
precentral sulcus with the inferior frontal sulcus (IFS) as well as the presence of an
opercular sulcus, implies a Type 3 of sulcal connections. The major sulci forma Y’
pattern. Note that in the presence of double precentral sulci, there four vertically
disposed long sulci are shown in the selected area. A deep gyral bridge between between
the inferior precentral sulcus anterior and the lateral fissure makes this a pseudo-
connection
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C.2

DESCRIPTIVE RECORD FOR THE WHOLE BRAINS

(CONTROL CATEGORY)

Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

i
©

3

33

33
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

34 34
3 V-U 3

35 35

3 X 3 Y
36 36

3 V-U 3
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

37 37

| ¥ 3 b4
38 38

3 j § 3 b d
39 39

3 V-U 3
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres Right Hemispheres

40 40
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

43 43

3 V-U 3 Y
44 44

3 Y 2 Y
45 45

1 Y 1 V-U
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

46 46

3 Y 3 Y
47 47

1 ¥ 3 Y
48 48

3 V-U 3 V-U
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

49 49
3 Y 1 Y
50 50

‘
3 V-U 3 Y
51 51
I V-U 3 Y
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

52 52
1 Y 3 V-U
53 53
3 ¥ 3 V-U
34 54
1 V-U | |3 Y
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

55 55
1 Y 3 V-U
56 56

3 vV-u 3 V-U
57 57

3 Y 3 b 4
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

58

ﬁ{”

58

K

1 V-U 1 V-U
59 59

1 V-U 3 V-U
60 60

3 b4 1 V-U
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

61 61

3 V-u 3 V-U
62 62

1 V-u 1 V-U
63 63

3 V-U - 1




Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

64 64

3 3 V-U
65 65

1 1 V-U
66 66

3 1 Y
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Note that the key to these diagrams is in section C1 C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

67 67

1 Y 3 Y
68 68

1 V-U 3 Y
69 69
3 V-U 1 V-U
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres Right Hemispheres

70 70

e

] V-U 3 V-U
71 71

1 Y 3 V-U
72 72

| V-U 1 V-U
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres Right Hemispheres
73 73
1 V-U 3 Y
74 74
1 V-U 1 V-U
75 75
1 V-U 3 V-U
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

76 76

A
1 V-U 3 V-U
77 77
1 v-u 3 Y
78 78
1 V-U 1 V-U
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

79 79

3 Y 2 V-U
80 80

1 V-U 3 V-U
81 81

3 V-U 3 V-U
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

82 82

3 V-U 1 V-U
83 83

3 Y 1 V-U
84 84

1 V-U 2 V-U
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Note that the key to these diagrams is in section C1 C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

85 85

| V-U 3 V-U
86 86

3 V-U 1 V-U
101 101

3 Y 2 Y
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

102 102

3 V-U 3 V-U
103 103

1 V-U 3 V-U
104 104

1 V-U 1 V-U
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

105 105

3 3 Y
106 106

1 1 V-U

107 107

3 2 b
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

108 108

3 V-U 3 V-U
109 109

1 V-U 3 Y
110 110
E | 1 V-U
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C.3. DESCRIPTIVE RECORD FOR THE SEPARATE LEFT-

AND RIGHT- HEMISPHERES (CASE CATEGORY)

Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

M

4/

r~J

.‘\-""\-u‘,
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

3 3
1 Y 3 Y
4 4

1 V-U 1 V-U
5 5

3 V-U 3 Y
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

6 6

1 3 V-U
7 7

3 1 Y
8 8

3 3 V-U
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

9 9

3 V-U 3 V-U
10 10

3 V-U 2 V-U
11 11

3 V-U 3 Y
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

12 12

3 V-U 3 V-U

13 13

3 Vv-U 3 Nafil
14 14

3 Y 3 V-U
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

15 15

3 b 1 V-U
16 16

3 Y 1 V-U
17 17

3 X 1 V-U
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

18 18

3 V-U 4 I
19 19

3 V-U 3 V-U
20 20

3 Y 1 V-U
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

21 21

3 X 3 L'
22 22

3 V-U 3 V-U
23 23

3 V-U 3 V-U
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

2 24
2 b ¢ 3 V-U
25 25
3 b 3 v-U
26 26
A
3 V-U 3 V-U

302




Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

27 27
i
3 Y 3 V-U
28 28
3 Vv-U 1 V-U
29 29
| V-U | V-U
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

30 30
| 1 3 Vv-U
31 31
3 V-U 1 V-U
87 87
1 v-U 3 V-U
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

88 88
1 V-U 3 V-U
89 89
d”
3 V-U 3 Y
90 90
3 Y 3 A
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).
Left Hemispheres Right Hemispheres

91 01

g

3 Y 1 V-U
92 92

3 V-U 3 b &
93 93

1 X 2 V-U
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

94 %4
| V-U 3 ¥
95 95
3 b 4 3 V-U
96 96
| V-U 3 V-U
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

97 97
v V-U 2 V-U
08 98
1 Y 3 Y
099 99
3 V-U 3 Y
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Note that the key to these diagrams is in section C.1 (pages 268 to 271).

Left Hemispheres

Right Hemispheres

100

100

W
'_\;I\L(

C.4. SUMMARY OF THE DESCRIPTIVE RECORD

C.4.1 EOR THE SEPARATE HEMISPHERES (CASE):

Table C.1: Summary of the specimens in which the Types of Sulcal Connections were
observed in the case category.

TYPES OF
SULCAL

CONNECTIONS

1

SPECIMENS IN WHICH THE TYPES OF
SULCAL CONNECTIONS WERE OBSERVED

RIGHT HEMISPHERE | LEFT HEMISPHERE

4,7,15,16,17, 20, 28, 29, | 3, 4,6, 29, 30, 87, 88, 93, 94
91, 100 96, 98

10, 93, 97 24,97

1,2,3,56,8,9,11,12,13 1,2,5,7,8,9, 10, 11, 12, 13
14,19, 21, 22, 23, 24, 25, 2 14, 15, 16, 17, 18, 19, 20, 21
27, 30, 87, 88, 89, 90, 92, 9| 22, 23, 25, 26, 27, 28, 31, 83
95, 96, 98, 99 90, 91, 92, 95, 99, 100

18 0

309



Table C.2: Summary of the specimens in which the Patterns of the Anterior Rami were
observed in the case category

SPECIMENS IN WHICH THE TYPES OF
SULCAL CONNECTIONS WERE OBSERVED

TYPES OF
SULCAL
CONNECTIONS

vz

‘V'U’

+
INTERMEDIATES

RIGHT HEMISPHERE

3,5,7,11, 21, 89, 90, 92,
94, 98, 99

1,2,4,6,8,09, 10, 12, 13,
14, 15, 16, 17, 19, 20, 22,
23, 24, 25, 26, 27, 28, 29,
30, 31, 87, 88, 91, 93, 95,
96, 97, 100

18

LEFT HEMISPHERE

2,3,6,7,8, 14,15, 16, 17,
20, 21, 24, 25, 27, 90, 91,
93, 95, 98, 100

1,4,5,9, 10,11, 12, 13,
18, 19, 22, 23, 26, 28, 29,
31, 87, 88, 89, 92, 94, 96,
97,99

30

C.4.2 FOR THE WHOLE BRAINS (CONTROL):

Table C.3: Summary of the specimens in which the Types of Sulcal Connections
were observed in the control category

SPECIMENS IN WHICH THE TYPES OF
SULCAL CONNECTIONS WERE OBSERVED

TYPES OF
SULCAL
CONNECTIONS

1

RIGHT HEMISPHERE

33, 40, 42, 44, 45, 49, 58,
60, 62, 65, 66, 69, 72, 74,
78, 82, 83, 86, 104, 106,
110

79, 84, 101, 107

32, 34, 35, 36, 37, 38, 39,
41, 43, 46, 47, 48, 50, 51,
52, 53, 54, 55, 56, 57, 59,
61, 64, 67, 68, 70, 71, 73,
75,76, 77, 80, 81, 85, 102,
103, 105, 108, 109

63

LEFT HEMISPHERE

32, 37,42, 45,47, 51, 52,
54, 55, 58, 59, 62, 65, 67,
68, 70, 71, 72, 73, 74, 75,
76,77, 78,80, 84, 85, 103,
104, 106, 109

0

33,34,35,36,38,39,40,41,
43,44,46,48,49,50,53,56,
57,60,61,63,64,66,69,79,
81,82,83,86,101,102,105,
107,108

110
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Table C.4: Summary of the specimens in which the Patterns of the Anterior Rami
were observed in the control category

TYPES OF
SULCAL
CONNECTIONS

oy

lV_U’
+
INTERMEDIATES

SPECIMENS IN WHICH THE TYPES OF
SULCAL CONNECTIONS WERE OBSERVED

RIGHT HEMISPHERE ' LEFT HEMISPHERE

34, 35, 36, 37, 38, 39, 43, | 32, 35, 37, 38, 41, 44, 45,
44,46, 47,49, 50, 51, 54, | 46, 47, 49, 52, 53, 55, 57,
57, 66, 67, 68, 73, 77, 101, | 60, 64, 65, 66, 67, 71, 79,
105, 107, 109 83, 101,105, 106

32, 33,40, 41, 42, 45, 48, | 33, 34, 36, 39, 40, 42, 43,
52, 53, 55, 56, 58, 59, 60, | 48, 50, 51, 54, 56, 58, 59,
61, 62, 64, 65, 69,70, 71, | 61, 62, 63, 68, 69, 70, 72,
72,74,75,76,78,79,80, | 73,74,75,76, 77,78, 80,
81, 82, 83, 84, 85, 86, 102, | 81, 82, 84, 85, 86, 102,
103, 104, 106, 108, 110 103, 104, 107, 108, 109

63 110
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APPENDIX D

RECORD OF WHICH SPECIMENS WERE USED FOR THE

QUANTITATIVE STUDY
D.1 CONTROL CATEGORY (WHOLE BRAIN SPECIMENS)

Table D.1: Specimens falling into the category of control

SPECIMEN SPECIMEN SPECIMEN
NUMBER IN NUMBER IN NUMBER IN
NUMBER | RIGHT-AND | NUMBER | RIGHT-AND | NUMBER | RIGHT- AND
(n) LEFT- (n) LEFT- (n) LEFT-

HEMIPHERES HEMIPHERES HEMIPHERES

1 32 21 54 41 101

2 33 22 57

3 35 23 58

4 36 24 59

5 37 25 60

6 38 26 61

7 39 27 62

8 40 28 65

9 41 29 66

10 42 30 67

11 43 31 69

12 44 32 72

13 45 33 73

14 46 34 75

15 47 35 76

16 48 36 7

17 49 37 78

18 50 38 81

19 52 39 83

20 53 40 85
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D.2 CASE (SEPARATE HEMISPHERES)

Table D.2: Specimens falling into the category of case

SPECIMEN SPECIMEN SPECIMEN SPECIMEN
NUMBER | NUMBER (sn) | NUMBER (sn) | NUMBER | NUMBER (sn) | NUMBER (sn)
(n) INRIGHT IN LEFT (n) INRIGHT IN LEFT
HEMISPHERE | HEMISPHERE HEMISPHERE | HEMISPHERE

1 1 2 22 23 28

2 3 3 23 24 29

3 4 5 24 25 30

4 5 6 25 26 87

5 6 7 26 28 88

6 7 8 27 30

7 8 9 28 31

8 9 10

9 10 11

10 11 12

11 12 13

12 13 14

13 14 15

14 15 16

15 16 18

16 17 19

17 18 21

18 19 22

19 20 23

20 21 26

21 22 27

Note that the abbreviation for specimen number is: sn
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APPENDIX E

E.l LENGTHS OF INDIVIDUAL MAJOR SULCI WITH
RESPECT TO UNGROUPED DATA

Table E.1: First recording of the Lengths of the Individual Major Sulci (see Fig 1.7,
pg 15) of the frontal operculum, with respect to Ungrouped Data for the control
group.

[Abbreviations: sn (specimen number); x; (stem of the anterior rami); x, (anterior
ascending ramus); X3 (anterior horizontal ramus); and control (whole brain specimens)].

RIGHT HEMISPHERE (centimetre) LEFT HEMISPHERE (centimetre)

sn X1 X2 X3 X1 X2 X3 sn
1 32 - 2.15 1.0 0.4 1.5 2.1 32
2 35 1.6 0.7 0.65 0.9 1.8 0.8 35
3 36 0.6 0.65 1.0 - 3.2 1.0 36
4 37 0.5 1.85 1.65 0.65 1.1 1.6 37
5 38 1.1 0.8 0.8 0.9 1.0 0.8 38
6 39 0.7 1.7 1.85 - 2.25 1.5 39
7 40 - 0.75 2.4 - 1.4 1.7 40
8 41 - 1.4 1.2 0.55 1.2 1.5 41
9 42 - 2.25 2.05 - 2.75 2.4 42
10 43 1.15 0.65 0.4 - 1.1 1.6 43
11 44 0.7 0.3 1.1 0.35 2.2 1.25 44
12 45 - 2.0 1.25 1.45 0.3 0.7 45
13 46 1.1 0.7 0.75 0.7 0.6 1.6 46
14 47 0.5 1.0 1.15 1.0 0.85 1.6 47
15 48 - 1.35 1.85 - 0.6 2.45 48
16 49 04 2.4 1.6 0.6 1.3 1.15 49
17 50 1.6 0.4 0.6 - 2.0 2.05 50
18 52 - 2.25 1.4 0.95 0.95 2.15 52
19 53 - 2.65 1.2 0.9 2.5 1.3 53
20 54 0.25 1.6 2.0 - 2.1 1.95 54
21 57 0.45 2.55 1.1 0.85 0.55 1.0 57
22 58 - 0.6 1.15 - 1.8 2.25 58
23 59 - 1.75 1.8 - 1.05 1.9 59
24 60 - 1.6 1.75 0.3 0.5 0.85 60
25 61 - 1.15 0.95 - 0.85 1.2 61
26 62 - 1.95 2.5 - 2.2 2.2 62

Table E.1 continues on next page.
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Table E.1 continued

27
28
29
30
31
32
33
34
35
36
37
38
39
40

RIGHT HEMISPHERE (centimetre)

sn
65
66
67
69
72
73
75
76
77
78
81
83
85
101

X1
0.4
0.9

1.0

0.6

0.7

X2
1.95
1.8
1.05
1.6
1.8
0.8
1.65
0.95
0.75
2.15
1.2
1.25
1.95
0.8

X3
0.6
1.9
1.4
1.5
1.2
1.05
1.65
0.5
1.05
1.75
0.75
1.6
0.9
2.0

LEFT HEMISPHERE (centimetre)

X1
0.5
0.45
0.6

X2
04
1.9
1.8
2.7
2.3
1.7
2.3
1.95
1.45
1.9
1.2
0.5
1.15
1.4

X3
1.8
1.4
1.15
1.9
1.4
0.4
1.3
1.3
1.25
2.1
1.0
1.1
2.1
0.5

sSn
65
66
67
69
72
73
75
76
7
78
81
83
85
101

Table E.2: Second recording of the Lengths of the Individual Major Sulci (see Fig 1.7,

pg 15) of the frontal operculum, with respect to Ungrouped Data for the control group.
[Abbreviations: sn (specimen number); x; (stem of the anterior rami); X, (anterior ascending
ramus); X3 (anterior horizontal ramus); and control (whole brain specimens)].

O 0 I N | B W N~

—
[

11

RIGHT HEMISPHERE (centimetre)

sn
32
35
36
37
38
39
40
41
42
43
44

X1
1.6
0.7
0.45
1.0
0.7

1.25
0.65

X2
2.3
0.7
0.75
1.75
0.95
1.8
0.8
1.5
2.2
0.8
0.3

Table E.2 continues on next page

X3
1.0
0.7
1.05
1.7
0.95
1.9
2.2
1.05
2.05
0.4
1.1

LEFT HEMISPHERE (centimetre)

X1

0.5
0.8
0.7
0.9

X2
1.5
2.05
33
1.0
0.9
2.1
1.5
1.2
2.8
1.0
2.25

X3
2.2
0.5
0.9
1.5
0.65
1.55
1.7
1.5
2.25
1.7
1.3

sn
32
35
36
37
38
39
40
41
42
43
44
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Table E.2 continued.

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

RIGHT HEMISPHERE (centimetre)

sn
45
46
47
48
49
50
52
53
54
57
58
59
60
61
62
65
66
67
69
72
73
75
76
77
78
81
83
85
101

X1
1.15
0.5
0.5
1.6

0.35
0.35

0.5
0.85

0.7

X2
2.0
0.8
1.0
1.4
2.5
0.5
2.2
2.7
1.6
2.6
0.6
1.7
1.6
1.25
1.8
1.75
1.9
1.15
1.5
1.8
0.85
1.7
0.8
0.7
2.05
1.3
1.2
2.0
0.85

X3
1.35
0.7
1.3
1.9
1.75
0.7
1.4
1.05
1.9
1.0
1.1
1.9
1.7
0.9
2.6
0.7
1.75
1.3
1.4
1.1
1.0
1.7
0.5
0.95
1.85
0.8
1.75
0.9
2.0

LEFT HEMISPHERE (centimetre)

X1
1.55
0.6
0.9

0.6
0.9
0.9
0.9
0.4

0.45
0.5
0.5

X2
0.3
0.7
0.8
0.6
1.3
1.95
0.9
2.5
2.1
0.6
1.8
1.0
0.6
0.8
2.2
0.4
1.8
1.7
2.8
2.25
1.5
2.3
2.0
1.4
1.8
1.2
0.65
1.0
1.4

X3
0.7
1.7
1.6
2.3
1.1
2.0
2.2
1.25
2.0
1.05
2.1
1.7
0.8
1.2
2.1
1.75
14
1.2
2.1
1.3
0.5
1.2
1.3
1.15
2.2
1.0
1.0
2.0
0.55

sSn
45
46
47
48
49
50
52
53
54
57
58
59
60
61
62
65
66
67
69
72
73
75
76
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Table E.3: Composite recording of the Lengths of the Individual Major Sulci (see Fig 1.7,

pg 15) of the frontal operculum, with respect to Ungrouped Data for the control group.
[Abbreviations: sn (specimen number); x; (stem of the anterior rami); X, (anterior ascending
ramus); X3 (anterior horizontal ramus); and control (to whole brain specimens)].

RIGHT HEMISPHERE (centimetre) | LEFT HEMISPHERE (centimetre)

sn X1 X2 X3 X1 X2 X3 sn
1 32 - 2.23 1.0 0.45 1.5 2.15 32
2 35 1.6 0.7 0.68 0.85 1.93 0.65 35
3 36 0.65 0.7 1.03 - 3.25 0.95 36
4 37 0.48 1.8 1.68 0.68 1.05 1.55 37
5 38 1.05 0.88 0.88 0.9 0.95 0.73 38
6 39 0.7 1.75 1.88 - 2.13 1.53 39
7 40 - 0.78 2.3 - 1.45 1.7 40
8 41 - 1.45 1.13 0.53 1.2 1.5 41
9 42 - 2.23 2.05 - 2.78 2.33 42
10 43 1.2 0.73 0.4 - 1.05 1.65 43
11 44 0.68 0.3 1.1 0.38 2.23 1.28 44
12 45 - 2.0 1.3 1.4 0.3 0.7 45
13 46 1.13 0.75 0.73 0.65 0.65 1.65 46
14 47 0.5 1.0 1.23 0.95 0.83 1.6 47
15 48 - 1.38 1.88 - 0.6 2.38 48
16 49 0.45 2.45 1.68 0.6 1.3 1.13 49
17 50 1.6 0.45 0.65 - 1.98 2.03 50
18 52 - 2.23 1.4 0.93 0.93 2.18 52
19 53 - 2.68 1.13 0.9 2.5 1.28 53
20 54 0.3 1.6 1.95 - 2.1 1.98 54
21 57 0.4 2.58 1.05 0.88 0.58 1.03 57
22 58 - 0.6 1.13 - 1.8 2.13 58
23 59 - 1.73 1.85 - 1.03 1.8 59
24 60 - 1.6 1.73 0.35 0.55 0.83 60
25 61 - 1.2 0.93 - 0.83 1.2 61
26 62 - 1.88 2.55 - 2.2 2.15 62
27 65 - 1.85 0.65 0.48 0.4 1.78 65
28 66 0.45 1.85 1.83 0.48 1.85 1.4 66
29 67 0.88 1.1 1.35 0.55 1.75 1.18 67
30 69 - 1.55 1.45 - 2.75 2.0 69
31 72 - 1.8 1.88 - 2.28 1.35 72
32 73 0.95 0.83 1.03 - 1.6 0.45 73
33 75 - 1.68 1.68 - 2.3 1.25 75

Table E.3 continues on next page
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Table E.3 continued.
RIGHT HEMISPHERE (centimetre) LEFT HEMISPHERE (centimetre)

sn X1 X2 X3 X1 X2 X3 sn
34 76 - 0.88 0.5 - 1.98 1.3 76
35 77 0.6 0.73 1.0 - 1.43 1.2 77
36 78 - 2.1 1.8 - 1.85 2.15 78
37 81 - 1.25 0.78 - 1.2 1.0 81
38 83 - 1.23 1.68 0.55 0.58 1.05 83
39 85 - 1.98 0.9 - 1.08 2.05 85
40 101 0.7 0.83 2.0 0.8 1.4 0.53 101

Table E.4: First recording of the Lengths of the Individual Major Sulci (see Fig 1.7,

pg 15) of the frontal operculum, with respect to Ungrouped Data for the case group.
[Abbreviations: sn (specimen number); x; (stem of the anterior rami); X, (anterior ascending
ramus); X3 (anterior horizontal ramus); and case (separate hemispheres)].

RIGHT HEMISPHERE (centimetre) LEFT HEMISPHERE (centimetre)

sn X1 X2 X3 X1 X2 X3 sn
1 1 - n, 1.6 0.4 2.1 2.55 2
2 3 0.7 1.4 2.6 1.9 0.7 1.2 3
3 4 - 1.9 n, - 1.6 1.05 5
4 5 04 1.1 1.95 0.8 0.7 1.65 6
5 6 - 1.65 1.2 0.8 09 2.35 7
6 7 0.7 1.3 1.4 0.7 1.55 0.4 8
7 8 - 1.65 1.5 - 1.7 1.25 9
8 9 - 2.1 1.55 - 1.5 0.85 10
9 10 - 1.3 1.8 - 2.75 n, 11
10 11 0.75 1.6 1.5 - 2.3 1.5 12
11 12 - 1.05 1.55 - 2.15 1.0 13
12 13 - 1.1 3.1 0.3 1.9 1.4 14
13 14 - 1.7 1.8 1.1 1.15 2.35 15
14 15 - 2.2 2.4 0.3 0.85 1.3 16
15 16 - 2.75 1.4 - 1.7 0.7 18
16 17 - 2.35 1.65 - 2.5 n, 19
17 18 - 0 3.0 0.45 1.1 1.8 21
18 19 - 2.4 1.2 - 2.1 2.45 22
19 20 - 2.75 2.8 - 1.95 n, 23

Table E.4 continues on next page
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Table E.4 continued.
RIGHT HEMISPHERE (centimetre) LEFT HEMISPHERE (centimetre)

sn X1 X2 X3 X1 X2 X3 sn
20 21 0.4 0.5 1.9 - 2.35 1.8 26
21 22 - 2.4 1.9 0.3 1.45 2.0 27
22 23 - 2.2 1.25 - 2.2 1.45 28
23 24 - 1.75 1.1 - 1.25 2.3 29
24 25 - 1.75 1.2 - 3.25 0 30
25 26 - 1.85 1.25 - 1.7 3.0 87
26 28 - 2.55 0.9 - 2.25 2.55 88
27 30 - 1.55 1.4
28 31 - 1.2 1.4

Table E.5: Second recording of the Lengths of Individual Major Sulci (see Fig 1.7, pg
15) of the frontal operculum, with respect to Ungrouped Data for the case group.
[Abbreviations: sn (specimen number); x; (stem of the anterior rami); X, (anterior ascending

ramus); X3 (anterior horizontal ramus); and case (separate hemispheres)].

RIGHT HEMISPHERE (centimetre) LEFT HEMISPHERE (centimetre)

sn X1 X2 X3 X1 X2 X3 sn
1 1 - n, 1.5 0.35 2.25 2.4 2
2 3 0.55 1.55 2.65 1.8 0.7 1.2 3
3 4 - 1.95 n, - 1.6 1.0 5
4 5 0.35 1.25 2.05 0.8 0.6 1.8 6
5 6 - 1.55 1.05 0.9 09 2.4 7
6 7 0.8 1.25 1.3 0.65 1.5 0.4 8
7 8 - 1.5 1.45 - 1.6 1.15 9
8 9 - 2.1 1.45 - 1.5 0.95 10
9 10 - 1.25 1.85 - 2.85 n, 11
10 11 0.6 1.7 1.4 - 2.3 1.6 12
11 12 - 1.1 1.6 - 2.3 1.1 13
12 13 - 1.1 3.1 0.4 1.95 1.55 14
13 14 - 1.75 1.7 1.2 1.1 2.4 15
14 15 - 2.1 2.2 0.35 0.7 1.3 16
15 16 - 2.75 1.45 - 1.7 0.8 18

Table E.5 continues on next page
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Table E.5 continued
RIGHT HEMISPHERE (centimetre) LEFT HEMISPHERE (centimetre)

sn X1 X2 X3 X1 X2 X3 sn
16 17 - 2.15 1.85 - 2.5 n, 19
17 18 - 0 2.9 0.5 1.1 1.7 21
18 19 - 2.25 1.2 - 2.0 2.6 22
19 20 - 2.8 2.6 - 1.85 n, 23
20 21 03 04 1.95 - 2.4 1.85 26
21 22 - 2.4 1.9 0.3 1.5 1.8 27
22 23 - 2.15 1.35 - 2.3 1.4 28
23 24 - 1.8 1.0 - 1.1 2.0 29
24 25 - 1.6 1.15 - 3.35 0 30
25 26 - 1.95 1.35 - 1.85 3.15 87
26 28 - 2.6 0.8 - 2.35 2.6 88
27 30 - 1.5 1.35
28 31 - 1.2 1.4

Table E.6: Composite recording of the Lengths of the Individual Major Sulci (see
Fig 1.7 pg 15) of the frontal operculum, with respect to Ungrouped Data for the case
group.

[Abbreviations: sn (specimen number); x; (stem of the anterior rami); X, (anterior ascending
ramus); X3 (anterior horizontal ramus); and case (separate hemispheres)].

RIGHT HEMISPHERE (centimetre) LEFT HEMISPHERE (centimetre)

sn X1 X2 X3 X1 X2 X3 sn
1 1 - n, 1.55 0.38 2.18 2.48 2
2 3 0.63 1.46 2.63 1.85 0.7 1.2 3
3 4 - 1.93 n, - 1.6 1.03 5
4 5 0.38 1.18 2.0 0.8 0.65 1.73 6
5 6 - 1.6 1.13 0.85 0.9 2.38 7
6 7 0.75 1.28 1.35 0.68 1.53 0.4 8
7 8 - 1.58 1.48 - 1.65 1.2 9
8 9 - 2.1 1.5 - 1.5 0.9 10
9 10 - 1.28 1.83 - 2.8 n, 11
10 11 0.68 1.65 1.45 - 23 1.55 12
11 12 - 1.08 1.58 - 2.23 1.05 13

Table E.6 continues on next page
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| Table E.6 continued

' RIGHT HEMISPHERE (centimetre)

' LEFT HEMISPHERE (centimetre)

| ' sn X X X X X X sn
12 13 [ - 11 31 1035 193 148 |14
13 14 | - 173 175 115 113 | 238 15
14 15 | - 1215 |23 1033 078 |13 16
15 16 [ - 275 143 | - 1.7 1075 | 18
16 17 | - 225|175 |- 25 ', 19
17 18 | - 0 1295 048 |11 175 |21
18 19 | - 1235 |12 | - 1205 253 |22
19 ' 20 [ - 1278 |27 [ - 1.9 1, 23
' 20 21 035|045 193 | - 238 | 1.83 |26
21 22 | - 24 1.9 0.3 148 |19 27
|22 23 [ - 213 13 [ - 225 143 |28
23 24 | - 178 1.05 | - C1L18 (215 29
|24 25 | - 168 | 1.18 | - 3.3 0 ' 30
|25 | 26 [ - 1.8 1.3 [ - 178 | 3.08 | 87
26 | 28 | - 1258 085 |- 23 258 |88
27 ' 30 | - 153 138 | | | |

|28 31 [ - 1.2 1.4 | | | |
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E.2 LENGTHS OF INDIVIDUAL ACCESSORY (OPERCULAR)
SULCIWITH RESPECT TO UNGROUPED DATA

Table E.7: First recording of the Lengths of Individual Opercular sulci (see Fig 1.12,
pg 43), of the frontal operculum, with respect to Ungrouped Data for the control group.

[Abbreviations: sn (specimen number); Ope (sole opercular sulcus); Ope; (First opercular
sulcus); Ope, (Second opercular sulcus)].

RIGHT HEMISPHERE (centimetre) LEFT HEMISPHERE (centimetre)

sn Ope Ope; Ope, Ope Ope; Ope; | sn
1 32 - 1.55 0.7 - - - 32
2 35 - 1.0 1.2 2.35 - - 35
3 36 n, - - 0.6 - - 36
4 37 n, - - - - - 37
5 38 d d - - 1.7 0.7 38
6 39 2.25 - - - 0.55 1.0 39
7 40 - - - - 0.9 0.8 40
8 41 - 2.0 1.95 2.3 - - 41
9 42 - - - - - - 42
10 43 2.2 - - 1.65 - - 43
11 44 - - - 1.95 - - 44
12 45 - - - - - - 45
13 46 2.7 - - 0.9 - - 46
14 47 d - - - - - 47
15 48 2.7 - - 2.6 - - 48
16 49 - - - n, - - 49
17 50 1.85 - - 1.15 - - 50
18 52 1.95 - - - - - 52
19 53 0.5 - - 1.75 - - 53
20 54 0.7 - - - - - 54
21 57 - 0.85 1.4 3.4 - - 57
22 58 - - - - - - 58
23 59 - 1.9 0.75 - - - 59
24 60 - - - 2.8 - - 60
25 61 1.0 - - 2.05 - - 61

Table E.7 continues on next page
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Table E.7 continued.

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Table E.8: Second recording of the Lengths of Individual Opercular sulci (see
Fig 1.12, pg 43), of the frontal operculum, with respect to Ungrouped Data for

the control group.

Abbreviations: sn (specimen number); Ope (sole opercular sulcus);
Ope; (First opercular sulcus); Ope, (Second opercular sulcus)].

LEFT HEMISPHERE (centimetre)
Ope:

Ol 0 I O | B W N =

10

RIGHT HEMISPHERE (centimetre)

sn
62
65
66
67
69
72
73
75
76
77
78
81
83
85
101

Ope

Ope;

Ope,

RIGHT HEMISPHERE (centimetre)

sn
32
35
36
37
38
39
40
41
42
43

Ope
N,
N,
d
2.15

2.1

Ope;
1.45
0.8

d

Table E.8 continues on next page

Ope,
0.8
1.3

LEFT HEMISPHERE (centimetre)

Ope

1.9

0.3

Ope
2.2
0.65

2.4

1.75

Ope,

1.8
0.55
0.85

Ope;

Ope,

0.65
1.0
0.8

sn
62
65
66
67
69
72
73
75
76
7
78
81
83
85
101

sn
32
35
36
37
38
39
40
41
42
43
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| Table E.8 continued.

' RIGHT HEMISPHERE (centimetre)

| LEFT HEMISPHERE (centimetre)

| ' sn | Ope | Ope; | Ope, | Ope | Ope; | Ope, |sn
11 44 [ - [ - | - 1 2.0 | - | - |44
12 | 45 [ - [ - | - 0.6 | - | - |45
13 | 46 27 [ - | - 1105 |- | - | 46
14 47 d - - - - - 47
15 48 2.7 [ - | - 25 | - | - | 48
16|49 - - - 'n, - - 49
17 ' 50 18 [ - | - 125 |- | - ' 50
18 | 52 1195 |- | - [ - | - | - | 52
19 | 53 1055 |- | - 18 [ - | - ' 53
' 20 | 54 0.6 [ - | - [ - [ - | - | 54
21 | 57 [ - 0.8 145 3.1 | - | - | 57
22 |58 - - - - - - | 58
|23 | 59 [ - 175 0.8 [ - | - | - ' 59
| 24 ' 60 [ - [ - | - 2.8 | - | - | 60
|25 61 0.9 [ - | - 1.9 [ - | - 61
26 |62 - - - - - - 62
27 |65 | - | - | - - - - | 65
28 | 66 [ - [ - | - 1.9 | - | - | 66
29 67 1235 |- | - [ - | - | - | 67
' 30 | 69 [ - [ - | - 103 [ - | - | 69
31 72 | - | - | - | - | - | - 72
32 73 1.9 [ - | - 1.1 [ - | - 73
33 75 1.7 [ - | - [ - [ - | - 75
| 34 76 1.9 [ - | - [ - | - | - 76
| 35 77 [ - 1.0 135 | - | - | - 77
36 |78 - - - | - | - | - 78
37 81 [ - 1085 | d [ - 1.2 0.5 81
| 38 ' 83 [ - [ - | - 123 | - | - ' 83
' 39 ' 85 | 3.4 [ - [ - [ - [ - | - ' 85
| 40 101 [ - [ - | - 1.7 | - | - 101
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Table E.9: Composite recording of the Lengths of Individual Opercular sulci
(see Fig 1.12, pg 43), of the frontal operculum, with respect to Ungrouped Data for

the control group.
[Abbreviations: sn (specimen number); Ope (sole opercular sulcus); Ope;
(First opercular sulcus); Ope, (Second opercular sulcus)].

RIGHT HEMISPHERE (centimetre) LEFT HEMISPHERE (centimetre)

sn Ope Ope, Ope; Ope Ope; Ope; | sn
1 32 - 1.5 0.75 - - - 32
2 35 - 0.9 1.25 2.28 - - 35
3 36 n, - - 0.63 36
4 37 n, - - - - - 37
5 38 d d d - 1.7 0.68 38
6 39 22 - - - 0.55 1.0 39
7 40 - - - - 0.9 0.8 40
8 41 - 2.05 1.95 2.35 - - 41
9 42 - - - - - - 42
10 43 2.2 - - 1.7 - - 43
11 44 - - - 1.98 - - 44
12 45 - - - - - - 45
13 46 2.7 - - 0.98 - - 46
14 47 d d d - - - 47
15 48 2.7 - - 2.55 - - 48
16 49 - - - n, - - 49
17 50 1.83 - - 1.0 - - 50
18 52 1.95 - - - - - 52
19 53 0.53 - - 1.78 - - 53
20 54 0.65 - - - - - 54
21 57 - 0.83 1.43 3.25 - - 57
22 58 - - - - - - 58
23 59 - 1.83 0.78 - - - 59
24 60 - - - 2.8 - - 60
25 61 0.95 - - 1.98 - - 61
26 62 - - - - - - 62
27 65 - - - - - - 65
28 66 - - - 1.9 - - 66
29 67 243 - - - - - 67
30 69 - - - 0.3 - - 69
31 72 - - - - - - 72
32 73 1.93 - - - - - 73
33 75 1.75 - - - - - 75
34 76 1.85 - - - - - 76

Table E.9 continues on next page
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Table E.9 continued.

35
36
37
38
39
40

Table E.10: First recording of the Lengths of Individual Opercular sulci (see
Fig 1.12, pg 43), of the frontal operculum, with respect to Ungrouped Data for

the case group.

RIGHT HEMISPHERE (centimetre)

sn
77
78
81
83
85
101

Ope

Ope;
1.08

0.8

Ope;
1.30

d

LEFT HEMISPHERE (centimetre)

Ope

Ope;

Ope,

[Abbreviations: sn (specimen number); Ope (sole opercular sulcus); Ope;
(First opercular sulcus); Ope, (Second opercular sulcus)].

RIGHT HEMISPHERE (centimetre)

O 0 Q| N | B~ W N =

[N R N el el e e e e e
S| O 0 QA NN AW N = O

21

sn

©O© o N O O b W -

NN R PR, ERRrRRrRR R
R Ol N ol M w N R O

22

Ope
2.5

0.75

1.6
24

2.25
0.65

Ope;

1.4
0.4

0.5

Table E.10 continues on next page

Ope;

N,

0.4

.85

LEFT HEMISPHERE (centimetre)

Ope

2.4

1.55

0.9
1.0
0.8
0.7
1.35

0.45

1.8

Ope;
0.8

0.5
1.45

1.9
1.0

2.8
0.95

2.1

Ope,
0.6

0.6
1.55

sn
7
78
81
83
85
101

326



Table E.10 continued.

22
23
24
25
26
27
28

Table E.11: Second recording of the Lengths of Individual Opercular sulci (see
Fig 1.12, pg 43), of the frontal operculum, with respect to Ungrouped Data for

the case group.

RIGHT HEMISPHERE (centimetre)

sn
23
24
25
26
28
30
31

Ope

0.85

345

1.45

Ope;

1.35

0.7

Ope;
2.1

3.55

LEFT HEMISPHERE (centimetre)

Ope
0.8

Ope;

Ope,

[Abbreviations: sn (specimen number); Ope (sole opercular sulcus; Ope;
(First opercular sulcus; Ope, (Second opercular sulcus)].

RIGHT HEMISPHERE (centimetre)

O 0 Q| | | B W N =

e I e N e = e
RN N BRWN = O

19

Table E.11 continues on next page

sn

O o N O Ol b W -

el e N N N I =
© o N o g~ w N R o

20

Ope

23

Ope;

1.25
0.35

0.45

Ope;

n,

0.4

.85

N | —
(o)

55

LEFT HEMISPHERE (centimetre)
Ope;

Ope

23

1.6

1.0
0.8
0.75
1.0
1.4

0.7

0.55
1.4

1.8
1.0

2.7
0.9

Ope;

0.65

0.55
1.5

0.8
1.8

1.1
0.7

sn
28
29
30
87
88
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Table E.11 continued

20
21
22
23
24
25
26
27
28

Table E.12: Composite recording of the Lengths of Individual Opercular sulci
(see Fig 1.12, pg 43), of the frontal operculum, with respect to Ungrouped Data

for the case group.
[Abbreviations: sn (specimen number); Ope (sole opercular sulcus; Ope; (First
opercular sulcus; Ope, (Second opercular sulcus)].

O 00 I O | B W N =

[ B e N S Sy G R
ANl AW ~=O

17

RIGHT HEMISPHERE (centimetre)

sn
21
22
23
24
25
26
28
30
31

Ope Ope;
2.2 -
0.65 -
- 1.45
0.75 -
- 0.75
34 -
1.4 -

Ope;

2.0

3.5

RIGHT HEMISPHERE (centimetre)

sn

Ol N O OB~ W

P RR R R =
N oo~ w N~ O

18

Ope Ope;

2.4 -

- 1.33
- 0.38
- 0.48
0.73 -

1.6 -
2.35 -

- 1.3
- 0.48
d d

Table E.12 continues on next page

Ope;

N,

0.4

LEFT HEMISPHERE (centimetre)
Ope;

Ope
1.7
0.8

LEFT HEMISPHERE (centimetre)
Ope:

Ope

2.0

0.75

0.53
1.43

1.85
1.0

2.75
0.93

Ope,

1.4

Ope,

0.63

0.58
1.53

0.8
1.75

1.1
0.73

sn
26
27
28
29
30
87
88

sn

O O N O O W N
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| Table E.12 continued.

| ' RIGHT HEMISPHERE | LEFT HEMISPHERE

| ' sn | Ope | Ope; | Ope, | Ope | Ope; | Ope, |sn
18 19 [ - 0.7 1348 | n, | - | - 22
19 ' 20 [ - [ - | - 1045 | - | - 23
' 20 21 223 |- | - [ - 1205 |14 ' 26
21 22 10.65 | - | - 175 - | - 27
22 23 [ - 1.4 1205 0.8 | - | - 28
|23 24 0.8 [ - | - [ - | - | - 29
|24 25 [ - 1073 353 |- [ - | - ' 30
|25 | 26 343 |- | - [ - | - | - 87
26 |28 - - - - - - 88
27 30 143 |- - | | | |
28 31 - - - | | | |
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E.3 LENGTHS OF INDIVIDUAL ACCESSORY (TRIANGULAR)
SULCIWITH RESPECT TO UNGROUPED DATA

Table E.13: First recording of the Lengths of Individual Triangular Sulci (see

Fig 1.12, pg 43) of the frontal operculum, with respect to Ungrouped Data for the control
group. [Abbreviations: sn (specimen number); Tri (sole triangular sulcus); Triay; (Anterior
triangular sulcus when the triangular sulcus was present as either two or three sulci); Trim (Middle
of three triangular sulci); Trip,;; (Posterior triangular sulcus when the triangular sulcus was present
as either two or three sulci); n, (notch)].

RIGHT HEMISPHERE (centimetre) LEFT HEMISPHERE (centimetre)

sn Tri Triays | Trim | Tripyz | Tri Triays | Trim Tripys | sn
1 32 - Dis- - 1.55 .15 | - - - 32

regard

2 35 - - - - 1.5 - - - 35
3 36 0.6 - - - 235 | - - - 36
4 37 0.8 - - - 1.3 - - - 37
5 38 - - - - - - - - 38
6 39 1.1 - - - - 0.85 - 1.35 39
7 40 1.4 - - - - 1.4 - 1.35 40
8 41 2.8 - - - - 0.5 1.7 0.8 41
9 42 - 0.85 2.2 0.5 1.1 - - - 42
10 | 43 - - - - - 0.7 2.1 n, 43
11 44 - - - - n, - - - 44
12 | 45 - - - 1.0 - - - - 45
13 46 - - - - 1.6 - - - 46
14 | 47 - - - - - - - - 47
15 | 48 2.0 - - - .75 | - - - 48
16 | 49 1.0 - - - - - - - 49
17 | 50 - - - - 2.8 - - - 50
18 | 52 - 0.75 2.85 0.55 1.6 - - - 52
19 | 53 1.75 | - - - - - - - 53
20 | 54 1.6 - - - 0.7 - - - 54
21 57 - 1.5 - 2.15 - - - - 57
22 | 58 - 2.0 - 0.4 - 2.0 - 1.4 58
23 59 1.1 - - - 2.55 | - - - 59
24 | 60 - - - - 1.3 - - - 60
25 61 - 0.6 1.6 0.4 - - - - 61
26 | 62 - 1.5 - 0.6 0.9 - - - 62
27 | 65 1.95 | - - - 1.1 - - - 65
28 | 66 1.6 - - - 1.3 - - - 66
29 | 67 - 0.85 - 0.55 0.8 - - - 67

Table E.13 continues on next page
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Table E.13 continued.

RIGHT HEMISPHERE (centimetre) LEFT HEMISPHERE (centimetre)

sn Tri Triay; | Trim Tripys | Tri Triays | Trim Tripys | sn
30 | 69 - 0.85 - 1.35 - 2.5 - 0.55 69
31 |72 - 0.75 - 0.85 1.85 | - - - 72
32 |73 1.05 | - - - n, - - - 73
33 |75 - 0.8 - 1.4 - 0.6 - 0.6 75
34 |76 2.7 - - - - 0.8 2.1 0.6 76
35 |77 1.3 - - - 1.05 | - - - 77
36 | 78 1.7 - - - 2.35 | - - - 78
37 |81 1.2 - - - 1.4 - - - 81
38 |83 - 0.8 2.25 2.0 0.5 - - - 83
39 |85 2.6 - - - - 1.55 Dis- 1.1 85

regard

40 | 101 | 0.7 - - - 0.6 - - - 101

Table E.14: Second recording of the Lengths of Individual Triangular Sulci (see

Fig 1.12, pg 43) of the frontal operculum, with respect to Ungrouped Data for the control
group. [Abbreviations: sn (specimen number); Tri (sole triangular sulcus); Triay; (Anterior
triangular sulcus when the triangular sulcus was present as either two or three sulci; Trim
(Middle of three triangular sulci); Trip,; (Posterior triangular sulcus when the triangular sulcus
was present as either two or three sulci); n, (notch)]. Sulcal lengths were disregarded when their
sulcal lengths extended beyond the superior limit of the frontal operculum.

RIGHT HEMISPHERE (centimetre) LEFT HEMISPHERE (centimetre)
sn Tri Triays | Trim Tripys | Tri Triays | Tri Tripys | sn
m
1 32 - Dis- - 1.55 1.2 - - - 32
regard

2 35 - - - - 1.6 - - - 35
3 36 0.6 - - - 235 |- - - 36
4 37 0.9 - - - 145 | - - - 37
5 38 - - - - - - - - 38
6 39 1.0 - - - - 0.8 - 1.4 39
7 40 1.35 - - - - 1.4 - 1.3 40
8 41 2.75 - - - - 0.65 1.7 0.75 41
9 42 - 0.9 2.1 0.55 1.05 | - - - 42
10 | 43 - - - - - 0.8 225 | n, 43
11 |44 - - - - n, - - - 44
12 | 45 - - - 0.8 - - - - 45

Table E.14 continues on next page
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| Table E.14 continued.

| ' RIGHT HEMISPHERE (centimetre) | LEFT HEMISPHERE (centimetre)

‘ sn ‘ Tri ‘ Triays | Tri | Tripys | Tri ‘ Triays ’ Trim | Tripys | sn
m
13 46 | - - - - 165 | - - - 46
14 47 |- - - - - [- E E 47
15 |48 215 - | - | - 18 - | - [ - | 48
16 (49 095 |- - - - - - - 49
17 |50 |- - - - 27 |- - - |50
18 |52 | - 0.7 29 06 15 |- | - [ - | 52
19 |53 |18 | - - - - - - - |53
120 |54 | 1.7 [ - | - [ - 08 | - [ - [ - | 54
21 |57 | - 15 | - 2.0 [ - [ - | - [ - | 57
122 |58 |- 120 | - 0.5 [ - 1195 - 14 | 58
123 |59 | 1.0 [ - | - [ - 24 - [ - [ - ' 59
24 |60 |- - - - 13- - - 60
25 |61 |- 0.6 14 | 04 [ - [ - | - [ - 61
26 |62 |- 145 - 0.6 1075 | - [ - [ - | 62
27 |65 195 | - | - [ - 09 | - [ - [ - | 65
128 |66 |15 [ - | - | - 12 - | - [ - | 66
29 |67 |- 0.7 | - 0.5 065 | - [ - [ - 67
130 |69 |- 0.7 | - 1.2 [ - 126 [ - 0.5 | 69
31 |72 - 0.7 | - 0.9 17| - | - [ - 72
32 |73 10 | - - - n, |- - - 73
133 |75 |- 0.8 | - 115 |- 0.5 [ - 1 0.6 75
134 |76 26 [ - | - | - [ - 0.7 22 0.7 76
'35 |77 115 - | - | - 11 - [ - [ - 77
136 |78 | 1.6 [ - | - [ - 22 |- [ - [ - 78
137 |81 |12 [ - | - | - 1135 | - | - [ - 81
138 |83 | - 1 0.9 23 19 0.6 | - | - [ - ' 83
‘39 ‘85 ‘2.75 ‘ ‘ ‘ ‘ ‘1.45 Dis- ‘1.1 ‘85
regard
140 101 085 | - | - | - 065 | - [ - [ - 101
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Table E.15: Composite recording of the Lengths of the Individual Triangular Sulci
(see Fig 1.12, pg 43) of the frontal operculum, with respect to Ungrouped Data for

the control group. [Abbreviations: sn (specimen number); Tri (sole triangular sulcus);
Triay; (Anterior triangular sulcus when the triangular sulcus was present as either two or three
sulci); Trim (Middle of three triangular sulci); Trip,; (Posterior triangular sulcus when the
triangular sulcus was present as either two or three sulci); n, (notch)]. Specimens were
disregarded if the sulcus measured extended beyond the superior limit of the frontal operculum.

RIGHT HEMISPHERE LEFT HEMISPHERE

sn Tri Triay; | Trim Tripys | Tri Triays | Trim | Tripys | sn

1 32 - Dis- - 1.55 1.18 | - - - 32
regard

2 35 - - - - 1.55 | - - - 35
3 36 0.6 - - - 2.35 |- - - 36
4 37 0.85 | - - - 1.38 | - - - 37
5 38 - - - - - - - - 38
6 39 1.05 | - - - - 0.83 - 1.38 39
7 40 1.38 | - - - - 1.4 - 1.33 40
8 41 278 | - - - - 0.58 1.7 0.78 41
9 42 - 0.88 2.15 0.53 1.03 | - - - 42
10 | 43 - - - - - 0.75 2.18 | n, 43
11 | 44 - - - - n, - - - 44
12 | 45 - - - 0.9 - - - - 45
13 | 46 - - - - 1.63 | - - - 46
14 | 47 - - - - - - - - 47
15 | 48 2.08 | - - - 1.78 | - - - 48
16 | 49 098 | - - - - - - - 49
17 | 50 - - - - 2.75 | - - - 50
18 | 52 - 0.73 2.88 0.58 1.55 | - - - 52
19 |53 1.78 | - - - - - - - 53
20 | 54 1.65 | - - - 0.75 | - - - 54
21 57 - 1.5 - 2.08 - - - - 57
22 | 58 - 2.0 - 0.45 - 1.98 - 1.4 58
23 | 59 1.05 | - - - 2.48 | - - - 59
24 | 60 - - - - 1.3 - - - 60
25 |61 - 0.6 1.5 0.4 - - - - 61
26 | 62 - 1.48 - 0.6 0.83 | - - - 62
27 | 65 1.95 | - - - 1.0 - - - 65
28 | 66 1.55 | - - - 1.25 | - - - 66
29 | 67 - 0.78 - 0.53 0.73 | - - - 67
30 | 69 - 0.78 - 1.28 - 2.55 - 0.53 69
31 72 - 0.73 - 0.88 1.78 | - - - 72
32 |73 1.03 | - - - n, - - - 73

Table E.15 continues on next page
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Table E.15 continued.
RIGHT HEMISPHERE (centimetre)

33
34
35
36
37
38
39

40

sn
75
76
77
78
81
83
85

101

Tri
2.65
1.23
1.65
1.2

2.68

0.88

Tria2/3
0.8

0.85

Trim

2.28

Tripys
1.28

1.95

LEFT HEMISPHERE (centimetre)

Tri

1.08
2.28
1.38
0.55

0.63

Tria2/3
0.55
0.75

Trim
2.15

Disre-
gard

Tripys
0.6
0.65

101
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Table E.16: First recording of the Lengths of Individual Triangular Sulci (see
Fig 1.12, pg 43) of the frontal operculum, with respect to the case group.

[Abbreviations: sn (specimen number); Tri (sole triangular sulcus); Tria,; (Anterior triangular
sulcus when the triangular sulcus was present as either two or three sulci); Trim (Middle of
three triangular sulci); Tripys (Posterior triangular sulcus when the triangular sulcus was
present as either two or three sulci); n, (notch); d (damaged)]. Specimens were disregarded if
the sulcus measured extended beyond the superior limit of the frontal operculum.

RIGHT HEMISPHERE (centimetre) LEFT HEMISPHERE (centimetre)

sn Tri Triays | Trim Tripys | Tri Triays; | Trim Tripys | sh
1 1 - 0.85 - 1.75 0.5 - - - 2
2 3 0.85 | - - - 1.0 - - - 3
3 4 2.0 - - - - 1.4 - 0.75 5
4 5 1.3 - - - - - - - 6
5 6 1.1 - - - 0.4 - - - 7
6 7 1.1 - - - 1.2 - - - 8
7 8 n, - - - - - - - 9
8 9 - 2.35 - 0.85 1.4 - - - 10
9 10 1.5 - - - 34 - - - 11
10 |11 - - - - - 3.0 1.2 1.3 12
11 12 2.0 - - - 1.5 - - - 13
12 |13 1.15 | - - - - 1.9 - 1.5 14
13 14 - 0.85 - 1.25 0.8 - - - 15
14 |15 - 1.05 - 1.6 - - - - 16
15 16 - 2.25 - 1.6 - d - 1.75 18
16 | 17 - 1.1 - - - 1.0 - 3.7 19
17 | 18 d d d d d - - - 21
18 | 19 - 1.6 - 1.25 1.5 - - - 22
19 | 20 1.5 - - - 1.9 - - - 23
20 |21 1.35 | - - - 1.95 | - - - 26
21 22 1.4 - - - - 0.45 - 2.4 27
22 | 23 - d - d d d d d 28
23 24 - 1.6 - 0.75 2.2 - - - 29
24 | 25 3.0 - - - 1.2 - - - 30
25 | 26 - 0.95 - 0.7 - 0.6 1.8 0.8 87
26 | 28 - Dis- - Dis- - 0.95 - 1.6 88

regard regard

27 | 30 d - - -

N
(o)
w
ey
—_
~
W

1

1

1
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Table E.17: Second recording of the Lengths of Individual Triangular Sulci (see

Fig 1.12, pg 43) of the frontal operculum, with respect to the case group.

[Abbreviations: sn (specimen number); Tri (sole triangular sulcus); Tria,; (Anterior triangular
sulcus when the triangular sulcus was present as either two or three sulci); Trim (Middle of
three triangular sulci); Trip,; (Posterior triangular sulcus when the triangular sulcus was
present as either two or three sulci); n, (notch); d (damaged)]. Specimens were disregarded if
the sulcus measured extended beyond the superior limit of the frontal operculum.

RIGHT HEMISPHERE (centimetre)

O 0 I N | B W N =

[NS RN S REN NG REN NS RN NS AN NS TN N6 ) RS R S e N e N e N e e N Y
AN N AR W= OOV 0NN WA WD~ O

NN
[CRERN|

sn

O© o N O Ol b W -

NRNRNRNRNRNNDND R R R R R R R R R e
0o 0B XN P O ®©OOmN OO O M WN|lR O

w| W
= o

Tri

0.8
1.9
1.35
1.15
1.0

N,

1.75

2.0
1.15

1.4
1.3
1.4

2.85

Triagz | Trim

0.75 -

Trip2,3

1.95

0.65

0.75
Dis-
regard

LEFT HEMISPHERE (centimetre)

Tri

0.4
1.1

0.5
1.05

1.3
3.3

1.5

0.95

1.4
1.7
1.8

23
1.25

Tria2/3

29

1.95

0.65
0.95

Tri Tripas
m

- 0.7
1.3 1.35
- 1.4
- 1.7
- 3.75
- 2.3
d d
1.8 0.7
- 1.5
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Table E.18: Composite recording of the Lengths of Individual Triangular Sulci (see
Fig 1.12, pg 43) of the frontal operculum, with respect to the case group.

[Abbreviations: sn (specimen number); Tri (sole triangular sulcus); Tria,; (Anterior triangular
sulcus when the triangular sulcus was present as either two or three sulci); Trim (Middle of
three triangular sulci); Tripys (Posterior triangular sulcus when the triangular sulcus was
present as either two or three sulci); n, (notch); d (damaged)]. Specimens were disregarded if
the sulcus measured extended beyond the superior limit of the frontal operculum.

RIGHT HEMISPHERE (centimetre) LEFT HEMISPHERE (centimetre)

sn Tri | Triags | Trim | Tripys | Tri | Triagz | Trim | Tripys | sn
1 1 - 0.8 - 1.85 045 | - - - 2
2 3 0.83 |- - - 1.05 | - - - 3
3 4 1.95 | - - - - 1.45 - 0.73 5
4 5 1.33 | - - - - - - - 6
5 6 1.13 | - - - 045 | - - - 7
6 7 1.05 | - - - 1.13 | - - - 8
7 8 n, - - - - - - - 9
8 9 - 2.4 - 0.85 1.35 | - - - 10
9 10 1.63 | - - - 335 | - - - 11
10 |11 - - - - - 2.95 1.25 1.33 12
11 |12 2.0 - - - 1.5 - - - 13
12 |13 .15 | - - - - 1.93 - 1.45 14
13 |14 - 0.8 - 1.23 0.88 | - - - 15
14 | 15 - 1.08 - 1.65 - - - - 16
15 |16 - 2.23 - 1.6 - d - 1.73 18
16 | 17 - 1.1 - - - 1.05 - 3.73 19
17 | 18 d d d d d - - - 21
18 |19 - 1.53 - 1.28 145 | - - - 22
19 |20 145 |- - - 1.8 - - - 23
20 | 21 1.33 | - - - 1.88 | - - - 26
21 | 22 1.4 - - - - 0.43 - 2.35 27
22 |23 - d - d d d d d 28
23 | 24 - 1.55 - 0.7 225 | - - - 29
24 | 25 293 |- - - 1.23 | - - - 30
25 | 26 - 1.0 - 0.73 - 0.63 1.8 0.75 87
26 | 28 - Dis- - Dis- - 0.95 - 1.55 88

regard regard

27 |30 d - - -
28 |31 1.35 | - - -
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APPENDIX F

RECORD OF INDIVIDUAL, GROUPED SULCAL
LENGTHS: PART 1

F.1 LENGTHS OF THE INDIVIDUAL MAJOR SULCI GROUPED
ACCORDING TO THE MODIFIED TYPES OF SULCAL
CONNECTIONS

Table F.1: Lengths of Individual Major sulci by Type of Sulcal Connection.
[TYPE 1, CONTROL], see Fig 3.27B and 3.28B (pages 179 and 180 respectively).
[Abbreviations: sn (specimen number); X; (stem of the anterior rami); X, (anterior ascending
ramus); X; (anterior horizontal ramus); and case (separate hemispheres)].

RIGHT HEMISPHERE LEFT HEMISPHERE

SN X1 X2 X3 X1 X2 X3 SN
1 40 - 0.78 23 0.45 1.5 2.15 32
2 42 - 2.23 2.05 0.68 1.05 1.55 37
3 45 - 2.0 1.3 - 2.78 2.33 42
4 49 0.45 2.45 1.68 1.4 0.3 0.7 45
5 58 - 0.6 1.13 0.95 0.83 1.6 47
6 60 - 1.6 1.73 0.93 0.93 2.18 52
7 62 - 1.88 2.55 - 2.1 1.98 54
8 65 - 1.85 0.65 - 1.8 2.13 58
9 66 0.45 1.85 1.83 - 1.03 1.8 59
10 69 - 1.55 1.45 - 2.2 2.15 62
11 72 - 1.8 1.88 0.48 0.4 1.78 65
12 78 - 2.1 1.8 0.55 1.75 1.18 67
13 83 - 1.23 1.68 - 2.28 1.35 72
14 - 1.6 0.45 73
15 - 23 1.25 75

16 - 1.98 1.3 76
Table F.1 continues on next page
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Table F.1 continued.

RIGHT HEMISPHERE LEFT HEMISPHERE
sn X1 X2 X3 X1 X2 X3 sn
17 - 1.43 1.2 77
18 - 1.85 2.15 78
19 - 1.08 2.05 85

Table F.2: Lengths of Individual Major sulci by Type of Sulcal Connection.
[TYPE 2, CONTROLY], see Fig 3.27C and 3.28C (pages 179 and 180 respectively).
[Abbreviations: sn (specimen number); x; (stem of the anterior rami); X, (anterior ascending
ramus); X; (anterior horizontal ramus); and case (separate hemispheres)].

RIGHT HEMISPHERE LEFT HEMISPHERE
sn X1 Xo X3 X1 Xo X3 SN
1 44 0.68 0.3 1.1 - - - -
2 79% - - - - - - -
3 84™ - - - - - - -
4 101 0.7 0.83 2.0 - - - -
5 107" - - - - - - -

N .
Specimen could not be measured
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Table F.3: Lengths of Individual Major sulci by Type of Sulcal Connection.

[TYPE 3, CONTROLY], see Fig 3.27D and 3.28D (pages 179 and 180 respectively).

[Abbreviations: sn (specimen number); x; (stem of the anterior rami); X, (anterior ascending

ramus); X; (anterior horizontal ramus); and case (separate hemispheres)].

LEFT HEMISPHERE

sn

1 32

2 35

3 36

4 37

5 38

6 39

7 41

8 43

9 46

10 47
11 48
12 50
13 52
14 53
15 54
16 57
17 59
18 61
19 67
20 73
21 75
22 76
23 77
24 83
25 85

RIGHT HEMISPHERE

X1

1.6
0.65
0.48
1.05
0.7

1.2

1.13

0.5

1.6

0.3
0.4

0.88
0.95

X2
2.23
0.7
0.7
1.8
0.88
1.75
1.45
0.73
0.75
1.0
1.38
0.45
2.23
2.68
1.6
2.58
1.73
1.2
1.1
0.83
1.68
0.88
0.73
1.23
1,98

X3
1.0
0.68
1.03
1.68
0.88
1.88
1.13
0.4
0.73
1.23
1.88
0.65
1.4
1.13
1.95
1.05
1.85
0.93
1.35
1.03
1.68
0.5
1.0
1.68
0.9

X1
0.85

0.9

0.53

0.38
0.65

0.6

0.9

0.88

0.35

0.48

0.55
0.8

X2
1.93
3.25
0.95
2.13
1.45

1.2
1.05
2.23
0.65

0.6

1.3

1.98
2.5
0.58
0.55
0.83
1.85
2.75

1.2
0.58

1.4

X3
0.65
0.95
0.73
1.53

1.7

1.5
1.65
1.28
1.65
2.38
1.13
2.03
1.28
1.03
0.83

1.2

1.4

2.0

1.0
1.05
0.53

SN
35
36
38
39
40
41
43
44
46
48
49
50
53
57
60
61
66
69
81
83
101

Note that there were no recordings for: Lengths of Individual Major sulci by Type
of Sulcal Connection. [TYPE 4, CONTROL], see Fig 3.27E and 3.28E (pages 179

and 180 respectively).
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Table F.4: Lengths of Individual Major sulci (see Fig 1.7, pg 15) by Type of Sulcal
Connection. [TYPE 1, CASE], see Fig 3.27B and 3.28B (pages 179 and 180
respectively). [Abbreviations: sn (specimen number); x; (stem of the anterior rami); x,
(anterior ascending ramus); X3 (anterior horizontal ramus); and case (separate hemispheres); n,

(notch)].

RIGHT HEMISPHERE LEFT HEMISPHERE

sn X1 X2 X3 X1 X2 X3 sn
1 4 - 1.93 n, 1.85 0.7 1.2 3
2 7 0.75 1.28 1.35 0.8 0.65 1.73 6
3 15 - 2.15 2.3 - 1.18 2.15 29
4 16 - 2.75 1.43 - 33 0 30
5 17 - 2.25 1.75 - 1.78 3.08 87
6 20 - 2.78 2.7 - 2.3 2.58 88
7 28 - 2.58 0.85
8 31 - 1.2 1.4

Table F.5: Lengths of Individual Major sulci (see Fig 1.7, pg 15) by Type of Sulcal
Connection. [TYPE 2, CASE], see Fig 3.27C and 3.28C (pages 179 and 180
respectively). [Abbreviations: sn (specimen number); x; (stem of the anterior rami); x,
(anterior ascending ramus); X3 (anterior horizontal ramus); and case (separate hemispheres)].

RIGHT HEMISPHERE LEFT HEMISPHERE
SN X1 X2 X3 X1 X2 X3 sSn
1 10 - 1.28 1.83 24%

N .
Specimen could not be measured
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Table F.6: Lengths of Individual Major sulci (see Fig 1.7, pg 15) by Type of Sulcal
Connection. [TYPE 3, CASE], see Fig 3.27D and 3.28D (pages 179 and 180
respectively). [Abbreviations: sn (specimen number); x; (stem of the anterior rami); x,
(anterior ascending ramus); X3 (anterior horizontal ramus); and case (separate hemispheres); n,

(notch)].

RIGHT HEMISPHERE LEFT HEMISPHERE

SN X1 X2 X3 X1 X2 X3 SN
1 1 - n, 1.55 0.38 2.18 248 2
2 3 0.63 1.46 2.63 - 1.6 1.03 5
3 5) 0.38 1.18 2.0 0.85 0.9 2.38 7
4 6 - 1.6 1.13 0.68 1.53 0.4 8
5 8 - 1.58 1.48 - 1.65 1.2 9
6 9 - 2.1 1.5 - 1.5 0.9 10
7 11 0.68 1.65 1.45 - 2.8 n, 11
8 12 - 1.08 1.58 - 23 1.55 12
9 13 - 1.1 3.1 - 2.23 1.05 13
10 14 - 1.73 1.75 0.35 1.93 1.48 14
11 19 - 2.35 1.2 1.15 1.13 2.38 15
12 21 0.35 0.45 1.93 0.33 0.78 1.3 16
13 22 - 24 1.9 - 1.7 0.75 18
14 23 - 2.13 1.3 - 2.5 N, 19
15 24 - 1.78 1.05 0.48 1.1 1.75 21
16 25 - 1.68 1.18 - 2.05 2.53 22
17 26 - 1.8 1.3 - 1.9 n, 23
18 30 - 1.53 1.38 - 2.38 1.83 26
19 0.3 1.48 1.9 27
20 - 2.25 1.43 28

Table F.7: Lengths of Individual Major sulci (see Fig 1.7, pg 15) by Type of Sulcal
Connection. [TYPE 4, CASE], see Fig 3.27E and 3.28E (pages 179 and 180
respectively). [Abbreviations: sn (specimen number); x; (stem of the anterior rami); x,
(anterior ascending ramus); X; (anterior horizontal ramus); and case (separate hemispheres)].

RIGHT HEMISPHERE LEFT HEMISPHERE
sn X1 X2 X3 X1 X2 X3 sn
1 18 - 0 2.95 NONE
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F.2 LENGTHS OF THE INDIVIDUAL ACCESSORY SULCI
(OPERCULAR) GROUPED ACCORDING TO THE
MODIFIED TYPES OF CONNECTIONS (Note that the Opercular

sulcus only occurs in Type 3 of the four Types of Connections)

Table F.8: Lengths of Individual Opercular sulcus/ sulci by Type of Sulcal
Connection. [TYPE 3, CONTROL], see Fig 3.27B and 3.28B (pages 179 and 180
respectively). [Abbreviations: sn (specimen number); Ope (sole opercular sulcus; Ope;
(First opercular sulcus; Ope, (Second opercular sulcus); n, (notch)].

RIGHT HEMISPHERE LEFT HEMISPHERE

sn Ope | Ope; Ope; Ope Ope; Ope; sn
1 32 - 1.5 0.75 2.28 - - 35
2 35 - 0.9 1.25 0.63 - - 36
3 36 N, - - - 1.7 0.68 38
4 37 N, - - - 0.55 1.0 39
5 38 d d d - 0.9 0.8 40
6 39 2.2 - - 2.35 - - 41
7 41 - 2.05 1.95 1.7 - - 43
8 43 22 - - 1.98 - - 44
9 46 2.7 - - 0.98 - - 46
10 47 d - - 2.55 - - 48
11 48 2.7 - - n, - - 49
12 50 1.83 - - 1.0 - - 50
13 52 1.95 - - 1.78 - - 53
14 53 0.53 - - 3.25 - - 57
15 54 0.65 - - 2.8 - - 60
16 57 - 0.83 1.43 1.98 - - 61
17 59 - 1.83 0.78 1.9 - - 66
18 61 0.95 - - 0.3 - - 69
19 67 243 - - - 1.25 0.5 81
20 73 1.93 - - 24 - - 83
21 75 1.75 - - 1.68 - - 101
22 76 1.85 - -
23 77 - 1.08 1.3
24 81 - 0.8 d
25 85 3.33 - -
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Table F.9: Lengths of Individual Opercular sulcus/ sulci by Type of Sulcal
Connection. [TYPE 3, CASE], see Fig 3.27B and 3.28B (pages 179 and 180
respectively). [Abbreviations: sn (specimen number); Ope (sole opercular sulcus); Ope,
(First opercular sulcus); Ope, (Second opercular sulcus); n, (notch)].

RIGHT HEMISPHERE LEFT HEMISPHERE

sn Ope Ope; Ope; Ope Ope; Ope; sn
1 1 2.4 - - - 0.75 0.63 2
2 3 ? 2.35 - - 5
3 5 - 1.33 d 1.58 - - 7
4 6 - 0.38 n, - 0.53 0.58 8
5 8 - 0.48 0.4 - 1.43 1.53 9
6 9 0.73 - - 0.95 - - 10
7 11 1.6 - - 0.9 - - 11
8 12 2.35 - - 0.78 - - 12
9 13 - 1.3 1.85 0.85 - - 13
10 14 - 0.48 2.65 1.38 - - 14
11 19 - 0.7 3.48 - 1.85 0.8 15
12 21 2.23 - - - 1.0 1.75 16
13 22 0.65 - - 2.18 - - 18
14 23 - 1.4 2.05 - 2.75 1.1 19
15 24 0.8 - 0 - 0.93 0.73 21
16 25 - 0.73 3.53 n, - - 22
17 26 3.43 - - 0.45 - - 23
18 30 1.45 - - - 2.05 1.4 26
19 1.75 - - 27
20 0.8 - - 28
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F.3 LENGTHS OF THE INDIVIDUAL ACCESSORY SULCI
(TRIANGULAR) GROUPED ACCORDING TO THE
MODIFIED TYPES OF SULCAL CONNECTIONS

Table F.10: Lengths of Individual Triangular sulcus /sulci by Type of Sulcal
Connections [TYPE 1, CONTROL], see Fig 3.27 and 3.28 (pages 179 and 180
respectively). [Abbreviations: sn (specimen number); Tri (sole triangular sulcus);

Triay; (Anterior triangular sulcus when the triangular sulcus was present as either two or

three sulci); Trim (Middle of three triangular sulci); Trip,; (Posterior triangular sulcus when

the triangular sulcus was present as either two or three sulci)]. Sulcal lengths were

disregarded when the measured length exceeded the limit of the frontal operculum.

RIGHT HEMISPHERE LEFT HEMISPHERE
sn Tri Triays Trim Tripys Tri Triays Trim Tripys

1 40 | 1.38 - - - 1.18 - - -
2 42 - 0.88 2.15 0.53 1.38 - - -
3 45 - - - 0.9 1.03

4 49 | 0.98 - - - - - - -
5 58 - 2.0 - 0.45 - - - -
6 60 - - - - 1.55 - - -
7 62 - 1.48 - 0.6 0.75 - - -
8 65 | 1.95 - - - - 1.98 - 1.4
9 66 1.55 - - - 2.48 - - -
10 69 - 0.78 - 1.28 0.83 - - -
11 72 - 0.73 - 0.88 1.0 - - -
12 78 1.65 - - - 0.73 - - -
13 | 83 - 0.85 2.28 1.95 1.78 - - -
14 n, - - -
15 - 0.55 - 0.6
16 - 0.75 2.15 0.65
17 1.08 - - -
18 2.28 - - -
19 - 1.5 Disre- 1.1
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Note that there was only one recording for [TYPE 2, CONTROL], see Fig 1.9C, pg
25: that of the sole triangular sulcus in specimen 101, in the right hemisphere (0.88

cm).

Table F.11: Lengths of Individual Triangular sulcus /sulci by Type of Sulcal
Connections [TYPE 3, CONTROL] ], see Fig 3.27 and 3.28 (pages 179 and 180
respectively). [Abbreviations: sn (specimen number); Tri (sole triangular sulcus);

Triay; (Anterior triangular sulcus when the triangular sulcus was present as either two or
three sulci); Trim (Middle of three triangular sulci); Trip,; (Posterior triangular sulcus when
the triangular sulcus was present as either two or three sulci); n, (notch)]. Sulcal lengths

were disregarded when the measured length exceeded the limit of the frontal operculum.

RIGHT HEMISPHERE LEFT HEMISPHERE
sn Tri Triays Trim | Tripys Tri Triays Trim | Tripys sn
1 32 - r?gizr'd - 1.55 1.55 - - - 35
2 35 - - - - 2.35 - - - 36
3 36 0.6 - - - - - - - 38
4 37 0.85 - - - - 0.83 - 1.38 39
5 38 - - - - - 1.4 - 1.33 40
6 39 1.05 - - - - 0.58 1.7 0.78 41
7 41 2.78 - - - - 0.75 | 2.18 N, 43
8 43 - - - - n, - - - 44
9 46 - - - - 1.63 - - - 46
10 | 47 - - - - 1.78 - - - 48
11 | 48 2.08 - - - - - - - 49
12 | 50 - - - - 2.75 - - - 50
13 | 52 - 0.73 | 2.88 0.58 - - - - 53
14 | 53 1.78 - - - - - - - 57
15 | 54 1.65 - - - 1.3 - - - 60
16 | 57 - 1.5 - 2.08 - - - - 61
17 | 59 1.05 - - - 1.25 - - - 66
18 | 61 - 0.6 1.5 0.4 - 2.55 - 0.53 69
19 | 67 - 0.78 - 0.53 1.38 - - - 81
20 | 73 1.03 - - - 0.55 - - - 83
21 | 75 - 0.8 - 1.28 0.63 - - - 101

Table F.11 continued on next page.
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Table F.11 continued
RIGHT HEMISPHERE
sn Tri Triays Trim T
22 | 76 | 2.65 - -
23 | 77 | 1.23 - -
24 | 83 - 0.85 2.28
25 | 85 | 2.68 - -

Note that there was no recording for:

(a) [TYPE 4, CONTROL], see Fig 1.9E, pg 25

(b) [TYPE 2, CASE], see Fig 1.9C,

(c) [TYPE 4, CASE], see Fig 1.9E,

Table F.12: Lengths of Individual Triangular sulcus /sulci by Type of Sulcal

ripys Tri

1.95

pg 25.

pg 25.

LEFT HEMISPHERE

Triays Tripys

Trim

Connections [TYPE 1, CASE], see Fig 3.27 and 3.28 (pages 179 and 180

respectively). [Abbreviations: sn (specimen number); Tri (sole triangular sulcus);

Tria,y; (Anterior triangular sulcus when the triangular sulcus was present as either two or

sn

three sulci); Trim (Middle of three triangular sulci); Trip,; (Posterior triangular sulcus when

the triangular sulcus was present as either two or three sulci)]. Sulcal lengths were

disregarded when the measured length exceeded the limit of the frontal operculum.

RIGHT HEMISPHERE

sn Tri Triays Trim | Tripys
1 4 1.95 - - -
2 7 1.05 - - -
3 15 - 1.08 - 1.65
4 16 - 2.23 - 1.6
5 17 - 1.1 - -
6 20 | 145 - - -
7 28 B r?gasr_d B rggl:r_d
8 31 | 1.35 - - -

Tri
1.05

2.25
1.23

LEFT HEMISPHERE

Triaz/g

0.63
0.95

Trim

1.8

Tripys

0.75
1.55

sn

29
30
87
88
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Table F.13: Lengths of Individual Triangular sulcus /sulci by Type of Sulcal

Connections [TYPE 1, CASE], see Fig 3.27 and 3.28 (pages 179 and 180

respectively). [Abbreviations: sn (specimen number); Tri (sole triangular sulcus);

Triay; (Anterior triangular sulcus when the triangular sulcus was present as either two or

three sulci); Trim (Middle of three triangular sulci); Trip,; (Posterior triangular sulcus when

the triangular sulcus was present as either two or three sulci); n, (notch)]. Sulcal lengths

were disregarded when the measured length exceeded the limit of the frontal operculum.

Ol N O Ol AW N PP

I I el e I e e I I s
O O o Nlolv b~ w N R o

Tri

0.83
1.33
1.13

No

Tria2/3

0.8

24

0.8
1.53

1.55

1.0

Trim

RIGHT HEMISPHERE

Tripys
1.85

0.73

Tri
0.45

0.45
1.13
1.35
3.35

1.5

1.45
1.8
1.88

Tria2/3

1.45

0.43

Trim

LEFT HEMISPHERE

Tripys

0.73

1.33

1.45

1.73
3.73

2.35
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APPENDIX G

RECORD OF GROUPED INDIVIDUAL SULCAL LENGTHS:

PART 2

G.1: LENGTHS OF THE INDIVIDUAL MAJOR SULCI GROUPED
ACCORDING TO THE PATTERNS OF THE ANTERIOR
RAMI

Table G.1: First recording of the Lengths of the Individual Major Sulci (see Fig 1.11,
pg 38) of the frontal operculum, by Pattern. [*Y’ PATTERN, CONTROL].

[Abbreviations: sn (specimen number); X; (stem of the anterior rami); X, (anterior ascending
ramus); X; (anterior horizontal ramus); and case (separate hemispheres)].

RIGHT HEMISPHERE LEFT HEMISPHERE

SN X1 X2 X3 X1 Xo X3 SN
1 35 1.6 0.7 0.68 0.45 1.5 2.15 32
2 36 0.65 0.7 1.03 0.85 1.93 0.65 35
3 37 0.48 1.8 1.68 0.68 1.05 1.55 37
4 38 1.05 0.88 0.88 0.9 0.95 0.73 38
5 39 0.7 1.75 1.88 0.53 1.2 1.5 41
6 43 1.2 0.73 0.4 0.38 2.23 1.28 44
7 44 0.68 0.3 1.1 1.4 0.3 0.7 45
8 46 1.13 0.75 0.73 0.65 0.65 1.65 46
9 47 0.5 1.0 1.23 0.95 0.83 1.6 47
10 49 0.45 2.45 1.68 0.6 1.3 1.13 49
11 50 1.6 0.45 0.65 0.93 0.93 2.18 52
12 54 0.3 1.6 1.95 0.9 2.5 1.28 53
13 57 0.4 2.58 1.05 0.88 0.58 1.03 57
14 66 0.45 1.85 1.83 0.35 0.55 0.83 60
15 67 0.88 1.1 1.35 0.48 0.4 1.78 65
16 73 0.95 0.83 1.03 0.48 1.85 1.4 66
17 77 0.6 0.73 1.0 0.55 1.75 1.18 67
18 101 0.7 0.83 2.0 0.55 0.58 1.05 83
19 0.8 1.4 0.53 101
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Table G.2: First recording of the Lengths of the Individual Major Sulci (see Fig 1.11,

pg 38) of the frontal operculum, by Pattern. [*V-U’ PATTERN, CONTROL].

[Abbreviations: sn (specimen number); x; (stem of the anterior rami); X, (anterior ascending

ramus); X; (anterior horizontal ramus); and case (separate hemispheres)].

RIGHT HEMISPHERE

OO0 Q9 O DN W N~

[N T N T NS T e R e A N A e N e e N )
N = O O 0 I N | B W N = O

SN
32
40
41
42
45
48
52
53
58
59
60
61
62
65
69
72
75
76
78
83
81
85

X1

X2
2.23
0.78
1.45
2.23
2.0
1.38
2.23
2.68
0.6
1.73
1.6
1.2
1.88
1.85
1.55
1.8
1.68
0.88
2.1
1.23
1.25
1.98

X3
1.0
2.3
1.13
2.05
1.3
1.88
1.4
1.13
1.13
1.85
1.73
0.93
2.55
0.65
1.45
1.88
1.68
0.5
1.8
1.68
0.78
0.9

X1

X2
3.25
2.13
1.45
2.78
1.05
0.6
1.98
2.1
1.8
1.03
0.83
2.2
2.75
2.28
1.6
2.3
1.98
1.43
1.85
1.2
1.08

LEFT HEMISPHERE

X3
0.95
1.53
1.7
2.33
1.65
2.38
2.03
1.98
2.13
1.8
1.2
2.15
2.0
1.35
0.45
1.25
1.3
1.2
2.15
1.0
2.05

sSn

39
40
42
43
48
50
54
58
59
61
62
69
72
73
75
76
77
78
81
85

Note that there was no recording for the: ['I” PATTERN, CONTROL], see Fig 1.11,

pg 38.
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Table G.3: First recording of the Lengths of the Individual Major Sulci (see Fig 1.11,
pg 38) of the frontal operculum, by Pattern. [‘I” PATTERN, CASE]. [Abbreviations: sn

(specimen number); x; (stem of the anterior rami); X, (anterior ascending ramus); X3 (anterior
horizontal ramus); and case (separate hemispheres)].

RIGHT HEMISPHERE LEFT HEMISPHERE
SN X1 X2 X3 X1 X2 X3 sn
1 18 - 0 2.95 - 33 0 30

Table G.4: First recording of the Lengths of the Individual Major Sulci (see Fig 1.11,
pg 38) of the frontal operculum, by Pattern. [*Y’ PATTERN, CASE]. [Abbreviations: sn

(specimen number); x; (stem of the anterior rami); X, (anterior ascending ramus); X; (anterior
horizontal ramus); and case (separate hemispheres)].

RIGHT HEMISPHERE LEFT HEMISPHERE

SN X1 X2 X3 X1 X2 X3 Sn
1 3 0.63 1.46 2.63 0.38 2.18 2.48 2
2 5 0.38 1.18 2.0 1.85 0.7 1.2 3
3 7 0.75 1.28 1.35 0.8 0.65 1.73 6
4 11 0.68 1.65 1.45 0.85 0.9 2.38 7
5 21 0.35 0.45 1.93 0.68 1.53 0.4 8
6 0.35 1.93 1.48 14
7 1.15 1.13 2.38 15
8 0.33 0.78 1.3 16
9 0.48 1.1 1.75 21
10 0.3 1.48 1.9 27
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Table G.5: First recording of the Lengths of the Individual Major Sulci (see Fig 1.11,
pg 38) of the frontal operculum, by Pattern. [*V-U’ PATTERN, CASE]. [Abbreviations:

sn (specimen number); X; (stem of the anterior rami); x, (anterior ascending ramus); X3 (anterior
horizontal ramus); and case (separate hemispheres); n, (notch)].

RIGHT HEMISPHERE LEFT HEMISPHERE

SN X1 X2 X3 X1 X2 X3 SN
1 1 - n, 1.55 - 1.6 1.03 5)
2 4 - 1.93 N, - 1.65 1.2 9
3 6 - 1.6 1.13 - 1.5 0.9 10
4 8 - 1.58 1.48 - 2.8 n, 11
5 9 - 2.1 1.5 - 23 1.55 12
6 10 - 1.28 1.83 - 2.23 1.05 13
7 12 - 1.08 1.58 - 1.7 0.75 18
8 13 - 1.1 3.1 - 2.5 N, 19
9 14 - 1.73 1.75 - 2.05 2.53 22
10 15 - 2.15 23 - 1.9 n, 23
11 16 - 2.75 1.43 - 2.38 1.83 26
12 17 - 2.25 1.75 - 2.25 1.43 28
13 19 - 2.35 1.2 - 1.18 2.15 29
14 20 - 2.78 2.7 - 1.78 3.08 87
15 22 - 24 1.9 - 23 2.58 88
16 23 - 2.13 1.3
17 24 - 1.78 1.05
18 25 - 1.68 1.18
19 26 - 1.8 1.3
20 28 - 2.58 0.85
21 30 - 1.53 1.38
22 31 - 1.2 1.4
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G.2 LENGTHS OF THE INDIVIDUAL ACCESSORY SULCUS/
SULCI (OPERCULAR) GROUPED ACCORDING TO THE
PATTERNS OF THE ANTERIOR RAMI OF THE LATERAL
FISSURE

Table G.6: Lengths of Individual Opercular sulcus/ sulci by Pattern [*Y’

PATTERN, CONTROL], see Fig 1.12, pg 43. [Abbreviations: sn (specimen number);
Ope (sole opercular sulcus; Ope; (First opercular sulcus); Ope, (Second opercular sulcus);
n, (notch); d (damaged)].

RIGHT HEMISPHERE LEFT HEMISPHERE

sn Ope | Ope; Ope; Ope Ope; Ope; sn
1 35 - 0.9 1.25 - - - 32
2 36 n, - - 2.28 - - 35
3 37 n, - - - - - 37
4 38 d d d - 1.7 0.68 38
5 39 2.2 - - 2.35 - - 41
6 43 22 - - 1.98 - - 44
7 44 - - - - - - 45
8 46 2.7 - - 0.98 - - 46
9 47 d - - - - - 47
10 49 - - - n, - - 49
11 50 1.83 - - - - - 52
12 54 0.65 - - 1.78 - - 53
13 57 - 0.83 1.43 3.25 - - 57
14 66 - - - 2.8 - - 60
15 67 243 - - - - - 65
16 73 1.93 - - 1.9 - - 66
17 77 - 1.08 1.3 - - - 67
18 101 - - - 0.3 - - 69
19 2.4 - - 83
20 1.68 - - 101
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Table G.7: Lengths of Individual Opercular sulcus/ sulci by Pattern.

[‘V-U’ PATTERN, CONTROL], see Fig 1.12, pg 43. [Abbreviations: sn (specimen

number); Ope (sole opercular sulcus); Ope, (First opercular sulcus); Ope, (Second
opercular sulcus); (d (damaged)].

RIGHT HEMISPHERE LEFT HEMISPHERE
shn Ope Ope; Ope; Ope Ope; Ope;

1 32 - 1.5 0.75 0.63 - -

2 40 - - - - 0.55 1.0
3 41 - 2.05 1.95 - 0.9 0.8
4 42 - - - - - -

5 45 - - - 1.7 - -

6 48 2.7 - - 2.55 - -

7 52 1.95 - - 1.0 - -

8 53 0.53 - - - - -

9 58 - - - - - -
10 59 - 1.83 0.78 - - -
11 60 - - - 1.98 - -
12 61 0.95 - - - - -
13 62 - - - 0.3 - -
14 65 - - - - - -
15 69 - - - - - -
16 72 - - - - - -
17 75 1.75 - - - - -
18 76 1.85 - - - - -
19 78 - - - - - -
20 81 - 0.8 d - 1.25 0.5
21 83 - - - - - -
22 85 3.33 - -

Note that there was no recording for:

(a) ['I’ PATTERN, CONTROL], see Fig 1.12, pg 43, and

(b) [’ PATTERN, CASE], see Fig 1.12, pg 43.

36
39

42
43
48
50
54
58
59
61
62
69
72
73
75
76
77
78
81
85
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Table G.8: Lengths of Individual Opercular sulcus/ sulci by Pattern.

[‘Y’ PATTERN, CASE], see Fig 1.12, pg 43. [Abbreviations: sn (specimen number);
Ope (sole opercular sulcus; Ope; (First opercular sulcus); Ope, (Second opercular sulcus); d
(damaged)].

RIGHT HEMISPHERE LEFT HEMISPHERE

shn Ope Ope; Ope; Ope Ope; Ope; sn
1 3 - - - - 0.75 0.63 2
2 5 - 1.33 d - - - 3
3 7 - - - - - - 6
4 11 1.6 - - 1.58 - - 7
5 21 223 - - - 0.53 0.58 8
6 1.38 - - 14
7 - 1.85 0.8 15
8 - 1.0 1.75 16
9 - 0.93 0.73 21
10 1.75 - - 27

Table G.9: Lengths of Individual Opercular sulcus/ sulci by Pattern. [*V-U’

PATTERN, CASE], see Fig 1.12, pg 43. [Abbreviations: sn (specimen number); Ope
(sole opercular sulcus); Ope, (First opercular sulcus); Ope, (Second opercular sulcus); no
(notch)].

RIGHT HEMISPHERE LEFT HEMISPHERE

sn Ope Ope; Ope; Ope Ope; Ope; sn
1 1 2.4 - - 2.35 - - 5
2 4 - - - - 1.43 1.53 9
3 6 - 0.38 n 0.95 - - 10
4 8 - 0.48 0.4 0.9 - - 11
5 9 0.73 - - 0.78 - - 12
6 10 - - - 0.85 - - 13
7 12 2.35 - - 2.18 - - 18
8 13 - 1.3 1.85 - 2.75 1.1 19
9 14 - 0.48 2.65 n, - - 22
10 15 - - - 0.45 - - 23
11 16 - - - - 2.05 1.4 26
12 17 - - - 0.8 - - 28
13 19 - 0.7 3.48 - - - 29

Table G.9 continues on next page
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Table G.9 continued.

14
15
16
17
18
19
20
21
22

G.3

RIGHT HEMISPHERE LEFT HEMISPHERE
sn Ope Ope; Ope, Ope Ope; Ope, sn
20 - - - - - - 87
22 0.65 - - - - - 88
23 - 1.4 2.05
24 0.8 - -
25 - 0.73 3.53
26 3.43 - -
28 - -
30 1.43 - -
31 - - -

LENGTHS OF THE INDIVIDUAL ACCESSORY SULCUS/

SULCI (TRIANGULAR) GROUPED ACCORDING TO THE

PATTERNS OF THE ANTERIOR RAMI OF THE LATERAL

FISSURE

Note that there was no recording for:

(a) ['I’ PATTERN, CONTROL], see Fig 1.12, pg 43, and

(b) ['I” PATTERN, CASE], see Fig 1.12, pg 43.
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Table G.10: Lengths of Individual Triangular sulcus/ sulci by Pattern [*Y”
PATTERN, CONTROL], (see Fig 1.12, pg 43). [Abbreviations: sn (specimen number);
Tri (sole triangular sulcus); Triay; (Anterior triangular sulcus when the triangular sulcus was

present as either two or three sulci); Trim (Middle of three triangular sulci); Trip,; (Posterior
triangular sulcus when the triangular sulcus was present as either two or three sulci); n,

(notch)].

sn
1 35
2 36
3 37
4 38
5 39
6 43
7 44
8 46
9 47
10 | 49
11 | 50
12 | 54
13 | 57
14 | 66
15 | 67
16 | 73
17 |77
18 | 101
19

RIGHT HEMISPHERE

Tri

0.6
0.85

1.05

0.98

1.65

1.55

1.03

1.23
0.88

Tria2/3

1.5

0.78

Trim

Tripys

2.08

0.53

Tri

1.18
1.55
1.38

1.0

1.25
0.73
0.55
0.63

Triaz/g

Trim

LEFT HEMISPHERE

Tripys

sn
32
35
37
38

44
45
46
47
49
52
53
57
60
65
66
67
83
101
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Table G.11: Lengths of Individual Triangular sulcus/ sulci by Pattern. [*V-U’
PATTERN, CONTROL], see Fig 1.12, pg 43. [Abbreviations: sn (specimen number);
Tri (sole triangular sulcus); Triay; (Anterior triangular sulcus when the triangular sulcus was
present as either two or three sulci); Trim (Middle of three triangular sulci); Trip,; (Posterior
triangular sulcus when the triangular sulcus was present as either two or three sulci); n,

(notch)].
sn

1 32
2 40
3 41
4 42
5 45
6 48
7 52
8 53
9 58
10 | 59
11 | 60
12 | 61
13 | 62
14 | 65
15 | 69
16 |72
17 |75
18 | 76
19 |78
20 |81
21 |83
22 | 85

RIGHT HEMISPHERE

Tri

1.38
2.78

Tria2/3

4.0

1.48

0.78
0.73

Trim

Tripys
1.55

LEFT HEMISPHERE

Triaz/g

0.83
1.4

0.75

Trim

Tripys
1.38
1.33
Ny

1.4

sn
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Table G.12: Lengths of Individual Triangular sulcus/ sulci by Pattern [*Y”

PATTERN, CASE], see Fig 1.12, pg 43. [Abbreviations: sn (specimen number); Tri

(sole triangular sulcus); Tria,; (Anterior triangular sulcus when the triangular sulcus was

present as either two or three sulci); Trim (Middle of three triangular sulci); Trip,; (Posterior
triangular sulcus when the triangular sulcus was present as either two or three sulci); d

(damaged)].
sn

1 3

2 5

3 7

4 11

5 21

6

7

8

9

10

RIGHT HEMISPHERE

Tri

0.83
1.33
1.05

1.33

Triaz/g

Trim

Tripys

0.45
1.05

0.45
1.13

0.88

LEFT HEMISPHERE

Triag/g

Trim

Tripys
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Table G.13: Lengths of Individual Triangular sulcus/ sulci by Pattern [*V-U’
PATTERN, CASE], see Fig 1.12, pg 43. [Abbreviations: sn (specimen number); Tri (sole
triangular sulcus); Triay; (Anterior triangular sulcus when the triangular sulcus was present as
either two or three sulci); Trim (Middle of three triangular sulci); Trip,; (Posterior triangular sulcus
when the triangular sulcus was present as either two or three sulci); n, (notch); d (damaged)].

RIGHT HEMISPHERE LEFT HEMISPHERE

sn Tri Triays Trim | Tripys Tri Triay; Trim Tripys | sn
1 1 - 0.8 - 1.85 - 1.45 - 0.73 |5
2 4 1.95 - - - - - - - 9
3 6 1.13 - - - 1.35 - - - 10
4 8 n, - - - - 0.48 - 335 |11
5 9 - 2.4 - 0.85 - 2.95 1.25 | 133 |12
6 10 | 1.63 - - - 1.5 - - - 13
7 12 | 2.0 - - - - d - 1.73 18
8 13 1.15 - - - - 1.05 - 3.73 19
9 14 |- 0.8 - 1.23 1.45 - - - 22
10 |15 |- 1.08 - 1.65 1.8 - - - 23
11 116 | - 2.23 - 1.6 1.88 - - - 26
12 117 | 1.1 - - - d d d d 28
13 |19 |- 1.53 - 1.28 2.25 - - - 29
14 | 20 1.45 - - - - 0.63 1.8 0.75 87
15 | 22 1.4 - - - - 0.95 - 1.55 88
16 |23 |- d - d
17 124 | - 1.55 - 0.7
18 |25 |293 - - -
19 |26 |- 1.0 - 0.73
20 |28 | - 4.35 - 1.28
21 |30 | d - - -
22 |31 1.35 - - -
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H.1

APPENDIX H

RECORD OF INTERSULCAL LENGTHS ANTERIOR TO

THE ANTERIOR ASCENDING RAMUS (AAR)

Table H.1: First recording of intersulcal lengths in the right frontoparietal

operculum, anterior to the anterior ascending ramus (AAR) in the control

category.

[Abbreviations: sn (specimen number); anterior horizontal ramus (AHR); Tri (sole
triangular sulcus); Triay; (Anterior triangular sulcus when the triangular sulcus was
present as either two or three sulci); Trim (Middle of three triangular sulci); Trip,s;
(Posterior triangular sulcus when the triangular sulcus was present as either two or

three sulci)].

O 0 Q| N | B~ W N =

N —m = = = = = = = = =
S|l ol QN n AW IND = O

21

Sh

35
36
37
38
40
41
43
46
47
48
49
50
53
54
58
59
60
61
62
66

AAR -
AHR

0.8
1.7
1.9
1.5
2.3
2.3
0.6
1.3
1.4
2.4
2.1
0.9
2.9
2.1
2.6
1.8
2.1
1.9
1.9
2.5

AAR -
Tri

0.9
0.8
1.3

0.9
1.5
1.9
0.7
0.6
0.9
1.2
11

Table H.1 continued on next page.

AAR -
Tra2/3

AAR - | AAR -
Trm Trpas
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Table H.1 continued

sn AAR - AAR - AAR - | AAR- | AAR-
AHR Tri Trays Trm Trpas
22 67 2.0 - - - -
23 69 3.0 - - 2.1 1.4
24 70 1.3 - - - -
25 73 1.6 - - - -
26 74 1.6 0.8 - - -
27 75 3.0 - - - -
28 76 1.3 - 0.7 - 0.2
29 77 1.2 - - - -
30 78 2.0 1.2 - - -
31 79 2.0 1.0 - - -
32 80 2.4 - - - 1.1
33 83 2.5 1.0 - - -
34 84 2.1 0.2 - - -

Table H.2: Second recording of intersulcal lengths in the right fronto-
parietal operculum, anterior to the AAR (control category)

[Abbreviations: sn (specimen number); anterior horizontal ramus (AHR); Tri (sole
triangular sulcus); Tria,; (Anterior triangular sulcus when the triangular sulcus was
present as either two or three sulci); Trim (Middle of three triangular sulci); Trip,s;
(Posterior triangular sulcus when the triangular sulcus was present as either two or
three sulci)].

sh AAR- | AAR- | AAR- | AAR- | AAR-
AHR Tri Trays Trm Trpas

1

2 35 0.8 - - - -
3 36 1.5 - - - -
4 37 1.9 1.0 - - -
5 38 1.4 - - - -
6 40 2.1 0.8 - - -
7 41 2.3 1.3 - - -
8 43 0.6 - - - -

Table H.2 continued on next page
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| Table H.2 continued

‘ sn AAR - ‘AAR- ‘AAR— ‘AAR— ‘AAR—
AHR Tri Trays Trm Trpas

9 | 46 13 | - | - | - E
10 47 13 - | - - -
11 48 2.3 0.8 | - | - -
12 49 X 15 | - | - | -
13 50 0.9 | - | - | - E
14 53 2.8 1.8 [ - [ - | -
15 54 2.1 0.7 [ - [ - -
16 58 2.6 1.8 [ - | - -
17 59 1.8 0.6 | - | - | -
18 L 60 21 0.9 | - | - | -
19 61 1.9 1.2 | - | - | -
' 20 62 1.9 11 [ - | - | -
21 66 25 11 [ - | - -
22 67 1.9 | - [ - | - -
23 69 3.1 | - | - 2.2 15
24 |70 14 | - | - | - E
25 73 |15 | - | - | - E
|26 74 1.6 0.8 [ - | - | -
27 75 2.9 | - [ - | - -
|28 76 1.3 0.8 [ - [ - | -
29 |77 11 | - | - | - E
' 30 78 2.1 1.3 [ - [ - | -
|31 79 2.1 1.0 [ - [ - | -
32 ' 80 2.4 1.1 [ - [ - -
|33 83 2.4 11 | - | - | -
| 34 84 2.2 0.2 | - | - | -
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Table H.3: Composite recording of intersulcal lengths in the right fronto-
parietal operculum, anterior to the AAR (control category)

[Abbreviations: sn (specimen number); anterior horizontal ramus (AHR); Tri (sole
triangular sulcus); Triay; (Anterior triangular sulcus when the triangular sulcus was
present as either two or three sulci); Trim (Middle of three triangular sulci); Trip,s;
(Posterior triangular sulcus when the triangular sulcus was present as either two or
three sulci)].

sn AAR- | AAR- | AAR- H AAR- | AAR-
AHR Tri Trays Trm Trpas

1

2 35 0.8 - - - -
3 36 1.5 - - - -
4 37 1.9 1.0 - - -
5 38 1.4 - - - -
6 40 2.1 0.8 - - -
7 41 2.3 1.3 - - -
8 43 0.6 - - - -
9 46 1.3 - - - -
10 47 1.3 - - - -
11 48 2.3 0.8 - - -
12 49 2.0 15 - - -
13 50 0.9 - - - -
14 53 2.8 1.8 - - -
15 54 2.1 0.7 - - -
16 58 2.6 1.8 - - -
17 59 1.8 0.6 - - -
18 60 2.1 0.9 - - -
19 61 1.9 1.2 - - -
20 62 1.9 11 - - -
21 66 2.5 1.1 - - -
22 67 1.9 - - - -
23 69 3.1 - - 2.2 15
24 70 1.4 - - - -
25 73 15 - - - -
26 74 1.6 0.8 - - -
27 75 2.9 - - - -
28 76 1.3 0.8 - - -
29 77 1.1 - - - -
30 78 2.1 1.3 - - -

Table H.3 continued on next page
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Table H.3 continued

sn AAR - AAR - AAR- | AAR- | AAR-
AHR Tri Trays Trm Trpas
31 79 2.1 1.0 - - -
32 80 2.4 1.1 - - -
33 83 2.4 1.1 - - -
34 84 2.2 0.2 - - -

Table H.4: First recording of intersulcal lengths in the left frontoparietal
operculum, anterior to the AAR (control category)

[Abbreviations: sn (specimen number); anterior horizontal ramus (AHR); Tri (sole
triangular sulcus); Tria,; (Anterior triangular sulcus when the triangular sulcus was
present as either two or three sulci); Trim (Middle of three triangular sulci); Trip,s
(Posterior triangular sulcus when the triangular sulcus was present as either two or
three sulci)].

sn AAR- | AAR- H AAR- | AAR- | AAR-
AHR Tri Trays Trm Trpas
1 32 1.7 0.8 - - -
2 35 15 0.6 - - -
3 36 2.3 1.6 - - -
4 37 1.6 0.7 - - -
5 38 1.0 - - - -
6 39 2.8 13 - - -
7 40 1.7 11 - - -
8 41 1.9 0.9 - - -
9 42 2.1 11 - - -
10 43 2.8 - - - -
11 45 15 - - - -
12 46 11 - - - -
13 47 1.6 - - - -
14 48 2.1 0.9 - - -
15 49 15 - - - -
16 50 2.4 0.9 - - -
17 52 1.6 - - - -
18 53 1.7 - - - -

Table H.4 continued on next page
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| Table H.4 continued

‘ sn AAR- | AAR - AAR -
AHR Tri Trpas

19 54 1.9 0.9
' 20 55 1.8 | -
21 57 1.2 | -
22 58 2.9 1.6
23 59 23 0.9
|24 60 17 | -
|25 61 14 | -

| 26 62 25 1.6
27 63 '35 | -
28 65 15 | -
29 66 15 0.8
' 30 67 1.9 0.8
31 69 1.9 | -
|32 71 2.0 1.1
' 33 72 2.8 1.6
| 34 74 2.2 1.0
| 35 75 21 1.2
' 36 78 2.2 15
|37 79 2.2 14
|38 | 80 2.7 1.8
' 39 83 1.2 | -

| 40 84 1.9 [ -
41 85 27 | -
42 | 86 3.2 | -
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Table H.5: Second recording of intersulcal lengths in the left fronto-
parietal operculum, anterior to the AAR (control category)

[Abbreviations: sn (specimen number); anterior horizontal ramus (AHR); Tri (sole
triangular sulcus); Triay; (Anterior triangular sulcus when the triangular sulcus was
present as either two or three sulci); Trim (Middle of three triangular sulci); Trip,s;
(Posterior triangular sulcus when the triangular sulcus was present as either two or
three sulci)].

sn AAR- | AAR- | AAR- H AAR- | AAR-
AHR Tri Trays Trm Trpas
1 32 1.8 0.8 - - -
2 35 1.6 0.6 - - -
3 36 2.4 1.6 - - -
4 37 1.6 0.7 - - -
5 38 1.0 - - - -
6 39 2.8 1.3 - - -
7 40 1.7 1.1 - - -
8 41 2.0 0.9 - - -
9 42 2.2 1.2 - - -
10 43 2.6 - - - -
11 45 15 - - - -
12 46 1.1 - - - -
13 47 1.6 - - - -
14 48 2.0 0.9 - - -
15 49 1.5 - - - -
16 50 2.5 0.8 - - -
17 52 15 - - - -
18 53 1.6 - - - -
19 54 1.8 1.2 - - -
20 55 1.7 - - - -
21 57 1.3 - - - -
22 58 2.9 1.6 - - -
23 59 2.3 0.9 - - -
24 60 1.8 - - - -
25 61 1.3 - - - -
26 62 2.5 1.6 - - -
27 63 3.4 - 2.2 - 1.5
28 65 1.6 - - - -
29 66 1.5 0.7 - - -
30 67 1.8 0.7 - - -

Table H.5 continued on next page
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Table H.5

sn AAR - AAR - AAR- | AAR- | AAR-
AHR Tri Trays Trm Trpas

31 69 2.0 - 1.0 - -

32 71 2.1 1.1 - - -

33 72 2.9 1.7 - - -

34 74 2.1 0.9 - - -

35 75 2.1 1.3 - - -

36 78 2.3 1.7 - - -

37 79 2.1 1.3 - - -

38 80 2.6 1.8 - - -

39 83 1.3 - - - -

40 84 1.8 - 1.0 - 0.15
41 85 2.8 - 2.1 1.5 0.9

42 86 3.3 - 2.3 - 1.7

Table H.6: Composite recording of intersulcal lengths in the left fronto-
parietal operculum, anterior to the AAR (control category)

[Abbreviations: sn (specimen number); anterior horizontal ramus (AHR); Tri (sole
triangular sulcus); Triay; (Anterior triangular sulcus when the triangular sulcus was
present as either two or three sulci); Trim (Middle of three triangular sulci); Tripy;
(Posterior triangular sulcus when the triangular sulcus was present as either two or
three sulci)].

sh AAR- | AAR- | AAR- | AAR- | AAR-
AHR Tri Trays Trm Trpas
1 32 1.8 0.8 - - -
2 35 1.6 0.6 - - -
3 36 2.4 1.6 - - -
4 37 1.6 0.7 - - -
5 38 1.0 - - - -
6 39 2.8 1.3 - - -
7 40 1.7 1.1 - - -
8 41 2.0 0.9 - - -
9 42 2.2 1.2 - - -
10 43 2.6 - - - -
11 45 1.5 - - - -

Table H.6 continued on next page
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| Table H.6 continued

‘ sn AAR - ‘AAR- ‘AAR— ‘AAR— ‘AAR—
AHR Tri Trays Trm Trpas

12 46 11 | - | - | - E
13 47 |16 - | - - -
14 48 2.0 0.9 | - | - -
15 49 15 | - | - | - E
16 50 25 0.8 | - | - | -
17 |52 15 E | - | - E
|18 53 1.6 | - [ - [ - -
19 54 1.8 1.2 [ - | - -
120 55 17 | - | - | - E
21 | 57 13 | - | - | - E
22 58 2.9 1.6 | - | - | -
' 23 59 2.3 0.9 [ - | - | -
|24 60 1.8 | - [ - | - -
|25 61 1.3 | - [ - | - -
| 26 62 25 1.6 | - | - | -
27 63 3.4 | - 2.2 | - 15
28 65 16 | - | - | - E
29 66 15 0.7 [ - | - | -
' 30 67 1.8 0.7 [ - | - -
31 69 X | - ' 1.0 [ - | -
32 71 21 11 | - | - | -
133 72 2.9 17 [ - [ - | -
| 34 74 2.1 0.9 [ - [ - | -
'35 75 21 1.3 [ - | - -
|36 78 2.3 1.7 | - | - | -
37 79 21 1.3 | - | - | -
' 38 ' 80 2.6 1.8 | - | - | -
39 83 13 - - - -
| 40 84 1.8 | - 1.0 | - 1 0.15
41 85 2.8 | - 21 15 0.9
42 ' 86 33 | - 2.3 | - 1.7
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Table H.7: First recording of intersulcal lengths in the right frontoparietal
operculum, anterior to the AAR (case category)

[Abbreviations: sn (specimen number); anterior horizontal ramus (AHR); Tri (sole
triangular sulcus); Tria,; (Anterior triangular sulcus when the triangular sulcus was
present as either two or three sulci); Trim (Middle of three triangular sulci); Tripy;
(Posterior triangular sulcus when the triangular sulcus was present as either two or
three sulci)].

sn AAR- | AAR- | AAR- | AAR- | AAR-
AHR Tri Trays Trm Trpas
1 3 2.1 0.9 - - -
2 6 1.8 0.8 - - -
3 7 1.6 - - - -
4 9 2.1 - 0.8 - 0.4
5 10 1.6 0.9 - - -
6 11 2.1 - - - -
7 15 2.4 - 1.1 - 0.9
8 16 2.5 - 1.7 - 0.9
9 17 2.3 1.7 - - -
10 19 2.1 - 1.6 - 0.9
11 20 2.6 1.6 - - -
12 21 1.8 - - - -
13 26 1.6 - 1.1 - -
14 30 1.8 0.7 - - -
15 31 1.4 0.8 - - -

370



Table H.8: Second recording of intersulcal lengths in the right fronto-
parietal operculum, anterior to the AAR (case category)

[Abbreviations: sn (specimen number); anterior horizontal ramus (AHR); Tri (sole
triangular sulcus); Tria,; (Anterior triangular sulcus when the triangular sulcus was
present as either two or three sulci); Trim (Middle of three triangular sulci); Tripys;
(Posterior triangular sulcus when the triangular sulcus was present as either two or
three sulci)].

sn AAR- | AAR- | AAR- | AAR- | AAR-
AHR Tri Trays Trm Trpas
1 3 2.0 1.0 - - -
2 6 1.6 0.7 - - -
3 7 1.6 - - - -
4 9 2.0 - 0.8 - 0.3
5 10 1.6 0.9 - - -
6 11 2.1 - - - -
7 15 2.4 - 1.0 - 0.8
8 16 2.4 - 1.6 - 0.9
9 17 2.3 1.6 - - -
10 19 2.0 - 1.6 - 0.9
11 20 2.7 1.7 - - -
12 21 1.7 - - - -
13 26 1.6 - 1.1 - -
14 30 1.8 0.7 - - -
15 31 15 0.8 - - -
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Table H.9: Composite recording of intersulcal lengths in the right fronto-
parietal operculum, anterior to the AAR (case category)

[Abbreviations: sn (specimen number); anterior horizontal ramus (AHR); Tri (sole
triangular sulcus); Tria,; (Anterior triangular sulcus when the triangular sulcus was
present as either two or three sulci); Trim (Middle of three triangular sulci); Tripy;
(Posterior triangular sulcus when the triangular sulcus was present as either two or
three sulci)].

sn AAR - AAR - AAR- | AAR- | AAR-
AHR Tri Trays Trm Trpas
1 3 2.0 1.0 - - -
2 6 1.6 0.7 - - -
3 7 1.6 - - - -
4 9 2.0 - 0.8 - 0.3
5 10 1.6 0.9 - - -
6 11 2.1 - - - -
7 15 2.4 - 1.0 - 0.8
8 16 2.4 - 1.6 - 0.9
9 17 2.3 1.6 - - -
10 19 2.0 - 1.6 - 0.9
11 20 2.7 1.7 - - -
12 21 1.7 - - - -
13 26 1.6 - 1.1 - -
14 30 1.8 0.7 - - -
15 31 1.5 0.8 - - -
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Table H.10: First recording of intersulcal lengths in the left frontoparietal
operculum, anterior to the AAR (case category)

[Abbreviations: sn (specimen number); anterior horizontal ramus (AHR); Tri (sole
triangular sulcus); Tria,; (Anterior triangular sulcus when the triangular sulcus was
present as either two or three sulci); Trim (Middle of three triangular sulci); Tripy;
(Posterior triangular sulcus when the triangular sulcus was present as either two or
three sulci)].

sn AAR- | AAR- | AAR- H AAR- | AAR-
AHR Tri Trays Trm Trpas
1 2 2.15 0.8 - - -
2 3 1.0 - - - -
3 6 15 - - - -
4 7 1.5 - - - -
5 8 1.3 - - - -
6 9 1.9 0.8 - - -
7 10 2.1 - - - -
8 13 2.6 1.1 - - -
9 14 1.8 - 11 - 0.5
10 15 2.0 1.0 - - -
11 16 0.9 - - - -
12 21 1.4 - - - -
13 22 2.0 1.1 - - -
14 23 1.4 - - - -
15 26 2.9 0.8 - - -
16 27 1.5 0.6 - - -
17 28 2.9 1.6 - - -
18 29 2.8 15 - - -
19 30 - - - - -
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Table H.11: Second recording of intersulcal lengths in the left fronto-
parietal operculum, anterior to the AAR (case category)

[Abbreviations: sn (specimen number); anterior horizontal ramus (AHR); Tri (sole
triangular sulcus); Tria,; (Anterior triangular sulcus when the triangular sulcus was
present as either two or three sulci); Trim (Middle of three triangular sulci); Tripy;
(Posterior triangular sulcus when the triangular sulcus was present as either two or
three sulci)].

sn AAR- | AAR- | AAR- H AAR- | AAR-
AHR Tri Trays Trm Trpas
1 2 2.1 0.9 - - -
2 3 1.0 - - - -
3 6 15 - - - -
4 7 1.5 - - - -
5 8 1.3 - - - -
6 9 1.7 0.8 - - -
7 10 2.1 - - - -
8 13 2.5 1.0 - - -
9 14 1.8 - 11 - 0.5
10 15 2.0 1.0 - - -
11 16 0.9 - - - -
12 21 1.4 - - - -
13 22 2.0 1.1 - - -
14 23 1.4 - - - -
15 26 3.0 0.8 - - -
16 27 1.4 0.5 - - -
17 28 2.8 1.6 - - -
18 29 2.7 14 - - -
19 30 - - - - -

374



Table H.12: Composite recording of intersulcal lengths in the left fronto-
parietal operculum, anterior to the AAR (case category)

[Abbreviations: sn (specimen number); anterior horizontal ramus (AHR); Tri (sole
triangular sulcus); Tria,; (Anterior triangular sulcus when the triangular sulcus was
present as either two or three sulci); Trim (Middle of three triangular sulci); Tripy;
(Posterior triangular sulcus when the triangular sulcus was present as either two or
three sulci)].

sn AAR- | AAR- | AAR- | AAR- | AAR-
AHR Tri Trays Trm Trpas
1 2 2.1 0.9 - - -
2 3 1.0 - - - -
3 6 15 - - - -
4 7 1.5 - - - -
5 8 1.3 - - - -
6 9 1.7 0.8 - - -
7 10 2.1 - - - -
8 13 2.5 1.0 - - -
9 14 1.8 - 1.1 - 0.5
10 15 2.0 1.0 - - -
11 16 0.9 - - - -
12 21 1.4 - - - -
13 22 2.0 1.1 - - -
14 23 14 - - - -
15 26 3.0 0.8 - - -
16 27 1.4 0.5 - - -
17 28 2.8 1.6 - - -
18 29 2.7 14 - - -
19 30 - - - - -
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H2 RECORD OF INTERSULCAL LENGTHS POSTERIOR TO

THE ANTERIOR ASCENDING RAMUS

Table H.13: First recording of intersulcal lengths in the right fronto-
parietal operculum, posterior to the AAR (control category)

[Abbreviations: IPRCS (inferior precentral sulcus); CF (central fissure); [IPOCS
(inferior postcentral sulcus); Op (sole opercular sulcus); Op, (first opercular sulcus);
Op,, (second opercular sulcus)].

sn AAR - | IPRCS - CF- AAR - AAR - AAR-
IPRCS | CF IPOCS | Op Op1 Op2
1 32 15 1.6 1.6 0.7 - -
2 35 2.1 1.8 1.3 0.8 - -
3 36 1.2 1.8 1.4 - - -
4 37 0.5 1.1 1.8 - - -
5 38 2.3 1.7 1.4 0.6 - -
6 39 2.4 1.5 1.5 - 0.8 0.9
7 40 0.9 1.4 1.0 - - -
8 41 1.8 1.3 1.4 - 0.4 0.9
9 42 0.9 2.4 1.2 - - -
10 43 1.6 1.6 2.0 0.8 - -
11 45 0.8 15 1.1 - - -
12 46 1.8 1.0 1.9 0.8 - -
13 47 1.0 1.8 2.3 - - -
14 48 1.4 1.3 2.3 0.7 - -
15 49 0.6 1.9 1.0 - - -
16 50 1.7 2.0 1.6 0.7 - -
17 52 1.2 2.6 1.4 0.7 - -
18 53 1.2 1.7 1.1 0.6 - -
19 54 1.6 0.8 2.2 - - -
20 55 2.5 1.1 2.3 2.0 - -
21 57 1.9 1.4 2.0 - - -
22 58 0.4 1.2 1.1 - - -
23 59 1.7 1.7 1.6 - - -
24 60 0.8 0.9 1.2 - - -
25 61 0.5 1.3 1.7 0.3 - -
26 62 0.8 1.4 2.6 - - -

Table H.13 continued on next page
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Table H.13 continued

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

sn

65
66
67
69
70
71
72
73
74
75
76
77
78
79
80
81
83
84
85
86

AAR -
IPRCS

0.7
0.8
2.2
0.6
1.9
1.4
1.3
0.4
0.5
1.0
0.6
1.2
0.7
0.9
1.0
1.2
0.6
11
1.9
0.7

IPRCS | CF -
CF IPOCS
1.2 1.6
1.3 -
0.6 1.6
0.7 2.1
1.9 0.9
1.3 2.0
1.7 2.0
1.2 2.4
11 2.2
1.1 1.2
1.6 -
1.3 1.6
15 1.4
15 1.3
1.9 0.8
d d
1.4 2.3
1.7 1.1
11 1.1
2.3 1.3

AAR -
Op

AAR —

AAR -
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Table H.14: Second recording of intersulcal lengths in the right fronto-

parietal operculum, posterior to the AAR (control category)

[Abbreviations: IPRCS (inferior precentral sulcus); CF (central fissure); IPOCS
(inferior postcentral sulcus); Op (sole opercular sulcus); Op; (first opercular sulcus);

Op, (second opercular sulcus)].
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Table H. 14 continued on next page

sn

32
35
36
37
38
39
40
41
42
43
45
46
47
48
49
50
52
53
54
55
57
58
59
60
61
62
65
66
67
69
70
71

AAR -
IPRCS

1.6
2.1
11
0.5
2.3
2.4
0.8
1.8
1.0
1.7
0.9
1.8
1.2
1.5
0.6
1.7
11
1.3
1.5
2.3
1.9
0.5
1.7
0.7
0.5
0.8
0.8
0.8
2.1
0.6
1.9
15

IPRCS | CF -
CF IPOCS
15 1.7
1.8 1.2
1.7 1.6
1.2 1.8
1.7 15
15 1.4
1.6 1.1
1.3 1.3
2.3 1.1
1.8 1.8
15 1.0
11 1.8
15 2.3
1.4 2.0
2.0 0.9
2.1 1.4
2.6 15
1.7 1.2
0.8 2.1
11 2.3
1.4 1.8
1.3 1.0
1.7 15
0.9 1.1
1.4 1.6
1.6 2.3
1.1 1.8
1.2 -
0.4 1.8
0.7 1.9
1.9 0.7
1.3 1.9

AAR -
Op
0.7
0.8

0.7

0.8
1.0
0.8
0.7
0.7

0.7

1.8

AAR -
Opl

0.8

0.4

AAR -
Opz

0.9

0.9
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Table H. 14 continued

33
34
35
36
37
38
39
40
41
42
43
44
45
46

sn

72
73
74
75
76
77
78
79
80
81
83
84
85
86

AAR -
IPRCS

1.3
0.4
0.5
0.8
0.6
1.2
0.6
11
1.0
1.3
0.6
11
1.7
0.7

IPRCS | CF -
CF IPOCS
1.9 1.9
1.2 2.5
11 2.2
11 1.1
15 -
1.3 15
15 1.3
15 1.3
1.9 0.8
d d
1.4 2.4
1.8 1.2
1.2 1.1
2.3 1.3

AAR -
Op

AAR —

AAR -
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Table H.15: Composite recording of intersulcal lengths in the right fronto-
parietal operculum, posterior to the AAR (control category)

[Abbreviations: IPRCS (inferior precentral sulcus); CF (central fissure); IPOCS
(inferior postcentral sulcus); Op (sole opercular sulcus); Op; (first opercular sulcus);
Op, (second opercular sulcus)].

sn AAR - | IPRCS - CF- AAR - AAR -  AAR-
IPRCS | CF IPOCS | Op Op1 Op2
1 32 1.6 1.5 1.7 0.7 - -
2 35 2.1 1.8 1.2 0.8 - -
3 36 1.1 1.7 1.6 - - -
4 37 0.5 1.2 1.8 - - -
5 38 2.3 1.7 1.5 0.7 - -
6 39 2.4 1.5 1.4 - 0.8 0.9
7 40 0.8 1.6 1.1 - - -
8 41 1.8 1.3 1.3 - 0.4 0.9
9 42 1.0 2.3 1.1 - - -
10 43 1.7 1.8 1.8 0.8 - -
11 45 0.9 1.5 1.0 - - -
12 46 1.8 1.1 1.8 1.0 - -
13 47 1.2 15 2.3 - - -
14 48 15 1.4 2.0 0.8 - -
15 49 0.6 2.0 0.9 - - -
16 50 1.7 2.1 1.4 0.7 - -
17 52 1.1 2.6 1.5 0.7 - -
18 53 1.3 1.7 1.2 0.7 - -
19 54 15 0.8 2.1 - - -
20 55 2.3 1.1 2.3 1.8 - -
21 57 1.9 1.4 1.8 - - -
22 58 0.5 1.3 1.0 - - -
23 59 1.7 1.7 1.5 - - -
24 60 0.7 0.9 1.1 - - -
25 61 0.5 1.4 1.6 0.4 - -
26 62 0.8 1.6 2.3 - - -
27 65 0.8 1.1 1.8 - - -
28 66 0.8 1.2 - - - -
29 67 2.1 0.4 1.8 0.4 - -
30 69 0.6 0.7 1.9 - - -
31 70 1.9 1.9 0.7 0.8 - -
32 71 15 1.3 1.9 0.7 - -

Table H.15 continued on next page
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Table H.15 continued

33
34
35
36
37
38
39
40
41
42
43
44
45
46

sn

72
73
74
75
76
77
78
79
80
81
83
84
85
86

AAR -
IPRCS

1.3
0.4
0.5
0.8
0.6
1.2
0.6
11
1.0
1.3
0.6
11
1.7
0.7

IPRCS | CF -
CF IPOCS
1.9 1.9
1.2 2.5
11 2.2
11 1.1
15 -
1.3 15
15 1.3
15 1.3
1.9 0.8
d d
1.4 2.4
1.8 1.2
1.2 1.1
2.3 1.3

AAR -
Op

AAR —

AAR -
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Table H.16: First recording of intersulcal lengths in the left fronto-

parietal operculum, posterior to the AAR (control category)

[Abbreviations: IPRCS (inferior precentral sulcus); CF (central fissure); IPOCS
(inferior postcentral sulcus); Op (sole opercular sulcus); Op; (first opercular sulcus);

Op, (second opercular sulcus)].

O 00 | N B~ W N =

W W N N N NN NN N NN = mm m | | | | ||
— O Ol N N A WD =[O VO NN A WD =IO
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Table H.16 continued on next page

sn

32
35
36
37
38
39
40
41
42
43
45
46
47
48
49
50
52
53
54
55
57
58
59
60
61
62
63
65
66
67
69
71

AAR- | IPRCS | CF -
IPRCS | CF IPOCS
0.6 0.9 15
1.8 2.0 1.1
15 15 1.8
0.6 0.8 -
17 17 2.1
2.1 13 1.2
1.7 16 1.4
1.8 05 2.3
16 05 17
05 1.0 1.9
1.0 2.1 17
0.6 1.4 2.0
1.4 2.0 13
1.2 1.8 13
16 1.1 2.1
0.4 25 18
1.9 2.3 1.9
0.7 13 1.2
0.7 15 2.4
0.8 1.1 1.9
0.3 1.8 1.1
0.8 15 25
1.4 1.1 1.4
1.2 1.8 15
0.3 16 25
1.1 1.1 25
0.6 2.1 1.1
0.8 0.9 16
0.6 17 1.8
1.9 05 2.3
1.0 1.2 1.2

AAR -
Op
13
0.7

0.9
1.0
0.9
0.1

0.5

0.6

AAR -
Op1

AAR -
Opz
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Table H.16 continued

33
34
35
36
37
38
39
40
41
42
43
44
45
46

sn

72
73
74
75
76
77
78
79
80
81
&3
84
85
86

AAR- | IPRCS | CF -
IPRCS | CF IPOCS
0.9 1.2 2.2
0.4 1.4 -
0.7 1.4 3.0
05 0.8 25
0.6 1.4 17
0.7 16 2.7
0.4 16 3.0
2.1 0.9 17
05 2.3 1.1
13 1.1 2.4
1.4 1.0 17
1.0 15 2.1
0.7 1.2 1.8
0.6 1.8 1.4

AAR —

AAR -
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Table H.17: Second recording of intersulcal lengths in the left fronto-

parietal operculum, posterior to the AAR (control category)

[Abbreviations: IPRCS (inferior precentral sulcus); CF (central fissure); IPOCS
(inferior postcentral sulcus); Op (sole opercular sulcus); Op; (first opercular sulcus);

Op, (second opercular sulcus)].

O 00 | N B~ W N =

W W N N N NN NN N NN = mm m | | | | ||
— O Ol N N A WD =[O VO NN A WD =IO
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Table H.17 continued on next page

sn

32
35
36
37
38
39
40
41
42
43
45
46
47
48
49
50
52
53
54
55
57
58
59
60
61
62
63
65
66
67
69
71

AAR- | IPRCS | CF -
IPRCS | CF IPOCS
0.6 0.9 1.4
16 2.3 0.9
15 1.8 16
05 0.8 -
17 16 2.4
2.1 13 1.4
1.7 16 1.4
1.9 0.6 2.2
17 05 17
0.6 1.1 2.0
1.1 2.0 17
0.6 15 2.2
1.4 1.9 1.4
1.2 17 1.2
15 1.2 2.0
0.4 2.3 18
1.9 2.2 17
0.7 13 13
0.7 1.4 2.3
0.8 1.0 1.9
0.3 1.9 1.1
0.8 1.4 2.4
15 1.1 1.4
1.0 2.0 15
0.3 1.4 2.7
1.1 1.1 2.3
0.6 2.1 1.0
0.7 1.0 17
0.6 16 17
17 0.7 2.3
1.0 13 1.1

AAR —
Op
1.4
0.7

0.9
1.0
0.8
0.1

0.6

0.7

AAR -
Op1

AAR -
Opz
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Table H.17 continued

33
34
35
36
37
38
39
40
41
42
43
44
45
46

sn

72
73
74
75
76
77
78
79
80
81
&3
84
85
86

AAR- | IPRCS | CF -
IPRCS | CF IPOCS
0.8 13 2.1
0.5 13 -
0.8 15 2.9
05 0.9 2.3
0.6 13 1.8
0.5 15 2.8
0.4 16 3.1
2.0 0.9 16
0.6 2.3 1.1
13 1.1 2.3
13 1.0 16
1.1 16 1.8
0.6 1.1 1.8
0.7 17 13

AAR —

AAR -
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Table H.18: Composite recording of intersulcal lengths in the left fronto-

parietal operculum, posterior to the AAR (control category)

[Abbreviations: IPRCS (inferior precentral sulcus); CF (central fissure); IPOCS
(inferior postcentral sulcus); Op (sole opercular sulcus); Op; (first opercular sulcus);

Op, (second opercular sulcus)].

O 00 | N B~ W N =

W W N N N NN NN N NN = mm m | | | | ||
— O Ol N N A WD =[O VO NN A WD =IO
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Table H.18 continued on next page

sn

32
35
36
37
38
39
40
41
42
43
45
46
47
48
49
50
52
53
54
55
57
58
59
60
61
62
63
65
66
67
69
71

AAR- | IPRCS | CF -
IPRCS | CF IPOCS
0.6 0.9 1.4
16 2.3 0.9
15 1.8 16
05 0.8 -
17 16 2.4
2.1 13 1.4
1.7 16 1.4
1.9 0.6 2.2
17 05 17
0.6 1.1 2.0
1.1 2.0 17
0.6 15 2.2
1.4 1.9 1.4
1.2 17 1.2
15 1.2 2.0
0.4 2.3 18
1.9 2.2 17
0.7 13 13
0.7 1.4 2.3
0.8 1.0 1.9
0.3 1.9 1.1
0.8 1.4 2.4
15 1.1 1.4
1.0 2.0 15
0.3 1.4 2.7
1.1 1.1 2.3
0.6 2.1 1.0
0.7 1.0 17
0.6 16 17
17 0.7 2.3
1.0 13 1.1

AAR —
Op
1.4
0.7

0.9
1.0
0.8
0.1

0.6

0.7

AAR -
Op1

AAR -
Opz

386



Table H.18 continued

33
34
35
36
37
38
39
40
41
42
43
44
45
46

sn

72
73
74
75
76
77
78
79
80
81
&3
84
85
86

AAR- | IPRCS | CF -
IPRCS | CF IPOCS
0.8 13 2.1
0.5 13 -
0.8 15 2.9
05 0.9 2.3
0.6 13 1.8
0.5 15 2.8
0.4 16 3.1
2.0 0.9 16
0.6 2.3 1.1
13 1.1 2.3
13 1.0 16
1.1 16 1.8
0.6 1.1 1.8
0.7 17 13

AAR —

AAR -
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Table H.19: First recording of intersulcal lengths in the right fronto-
parietal operculum, posterior to the AAR (case category)

[Abbreviations: IPRCS (inferior precentral sulcus); CF (central fissure); IPOCS
(inferior postcentral sulcus); Op (sole opercular sulcus); Op; (first opercular sulcus);
Op, (second opercular sulcus)].

sn AAR- | IPRCS | CF- | AAR- AAR- AAR-
IPRCS | CF IPOCS | Op Op1 Op2
1 3 1.0 2.0 - - - -
2 4 1.2 2.1 2.4 - - -
3 5 1.8 1.9 1.6 - - -
4 6 0.9 1.4 2.4 - - -
5 7 0.5 0.7 1.4 - - -
6 8 1.0 1.7 1.8 - - -
7 9 1.2 1.8 2.4 - - -
8 10 1.1 1.2 - - - -
9 11 0.8 1.7 1.3 - - -
10 12 1.6 1.4 15 1.4 - -
11 14 1.4 1.2 2.2 1.2 - -
12 15 1.2 1.6 0.9 - - -
13 16 0.1 2.4 1.3 - - -
14 17 0.7 1.2 15 - - -
15 19 1.2 2.2 1.6 - - -
16 20 0.2 2.0 1.7 - - -
17 21 1.5 1.0 2.2 0.4 - -
18 22 1.1 1.1 1.7 - - -
19 23 1.8 1.2 1.2 - - -
20 24 1.1 1.4 1.8 0.6 - -
21 25 0.5 1.3 1.2 1.2 - -
22 26 1.1 1.4 0.9 0.7 - -
23 28 0.7 2.2 0.8 - - -
24 29 0.8 2.3 2.0 - - -
25 30 15 1.4 1.8 0.8 - -
26 31 1.0 2.0 1.7 - - -
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Table H.20: Second recording of intersulcal lengths in the right fronto-
parietal operculum, posterior to the AAR (case category)

[Abbreviations: IPRCS (inferior precentral sulcus); CF (central fissure); IPOCS
(inferior postcentral sulcus); Op (sole opercular sulcus); Op; (first opercular sulcus);
Op, (second opercular sulcus)].

sn AAR- | IPRCS | CF- | AAR- AAR- AAR-
IPRCS | CF IPOCS | Op Op1 Op2
1 3 1.0 1.9 - - - -
2 4 1.3 2.1 2.5 - - -
3 5 1.9 1.9 1.6 - - -
4 6 1.1 1.3 2.3 - - -
5 7 0.6 0.8 1.3 - - -
6 8 0.9 1.7 1.8 - - -
7 9 1.3 1.7 2.5 - - -
8 10 1.1 1.2 - - - -
9 11 0.7 1.7 1.2 - - -
10 12 15 1.4 15 1.3 - -
11 14 15 1.2 2.0 1.1 - -
12 15 1.2 1.5 1.0 - - -
13 16 0.1 2.3 1.2 - - -
14 17 0.8 1.1 15 - - -
15 19 1.3 2.0 1.7 - - -
16 20 0.2 2.0 1.6 - - -
17 21 1.7 1.0 2.0 0.4 - -
18 22 1.0 1.0 1.6 - - -
19 23 1.9 1.3 1.2 - - -
20 24 1.1 1.5 1.9 0.6 - -
21 25 0.4 1.4 1.3 1.2 - -
22 26 1.1 1.5 0.8 0.6 - -
23 28 0.7 2.2 0.8 - - -
24 29 0.8 2.3 2.0 - - -
25 30 15 1.3 1.9 0.8 - -
26 31 1.1 1.9 1.6 - - -
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Table H.21: Composite recording of intersulcal lengths in the right fronto-
parietal operculum, posterior to the AAR (case category)

[Abbreviations: IPRCS (inferior precentral sulcus); CF (central fissure); IPOCS
(inferior postcentral sulcus); Op (sole opercular sulcus); Op; (first opercular sulcus);
Op, (second opercular sulcus)].

sn AAR- | IPRCS| CF- |AAR-|AAR- | AAR-
IPRCS | CF IPOCS | Op Op: | Op;
1 3 1.0 1.9 ; - 3 )
2 4 13 2.1 25 - - ;
3 5 1.9 1.9 16 - - ;
4 6 1.1 13 2.3 - - ;
5 7 06 0.8 13 - - ;
6 8 0.9 17 1.8 - - ;
7 9 13 17 25 - ; 3
8 10 1.1 1.2 ; - } 3
9 11 0.7 17 1.2 - - ;
10 12 15 14 15 13 - ;
11 14 15 1.2 2.0 1.1 - -
12 15 1.2 15 1.0 - - ;
13 16 0.1 2.3 1.2 - i )
14 17 08 1.1 15 - - ;
15 19 1.3 2.0 1.7 - - 3
16 20 0.2 2.0 16 - - ;
17 21 1.7 1.0 2.0 0.4 - -
18 22 1.0 1.0 16 - - ;
19 23 1.9 13 1.2 - ; 3
20 24 1.1 15 1.9 0.6 - ;
21 25 0.4 14 13 1.2 - -
22 26 1.1 15 08 0.6 - -
23 28 0.7 2.2 08 - - ;
24 29 08 23 2.0 - ; 3
25 30 15 13 1.9 0.8 - -
26 31 1.1 1.9 16 - - ;
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Table H.22: First recording of intersulcal lengths in the left fronto-parietal
operculum, posterior to the AAR (case category)

[Abbreviations: IPRCS (inferior precentral sulcus); CF (central fissure); IPOCS
(inferior postcentral sulcus); Op (sole opercular sulcus); Op; (first opercular sulcus);
Op, (second opercular sulcus)].

sn AAR- | IPRCS| CF- |AAR-|AAR- |AAR-
IPRCS | CF IPOCS | Op Op: | Op;
1 2 125 |15 2.4 - - -
2 3 1.1 1.6 1.4 - - -
3 5 2.3 0.8 2.4 1.3 - -
4 6 0.5 0.7 2.4 - - -
5 7 2.3 14 2.0 0.5 - -
6 8 2.1 1.1 2.0 - - -
7 9 1.8 15 1.9 - - -
8 10 1.1 1.2 1.9 - - -
9 1 2.0 1.8 2.2 0.3 - -
10 12 1.0 1.1 1.4 - - -
11 13 1.1 1.3 0.9 - - -
12 14 2.3 14 - - - -
13 15 1.3 15 2.6 0.6 - -
14 16 16 15 2.2 0.9 - -
15 18 1.3 1.0 1.8 0.7 - -
16 19 1.7 2.1 2.0 0.8 - -
17 21 15 0.8 1.9 - - -
18 22 1.3 1.7 1.2 - - -
19 23 15 1.2 1.3 - - -
20 26 13 - - - - -
21 27 1.9 1.6 1.8 1.1 - -
22 28 1.1 16 2.9 - - -
23 29 0.5 14 2.3 - - -
24 30 2.5 2.2 1.2 - - -
25 31 1.4 1.4 1.9 05 - -
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Table H.23: Second recording of intersulcal lengths in the left frontoparietal
operculum, posterior to the AAR (case category)

[Abbreviations: IPRCS (inferior precentral sulcus); CF (central fissure); IPOCS
(inferior postcentral sulcus); Op (sole opercular sulcus); Op; (first opercular sulcus);
Op, (second opercular sulcus)].

sn AAR- | IPRCS| CF- |AAR-|AAR- |AAR-
IPRCS | CF IPOCS | Op Op: | Op;
1 2 1.3 14 2.6 - - -
2 3 1.0 1.6 1.4 - - -
3 5 2.2 0.9 2.3 1.3 - -
4 6 0.6 0.7 25 - - -
5 7 2.3 14 1.9 0.5 - -
6 8 2.1 1.1 2.2 - - -
7 9 1.6 16 2.0 - - -
8 10 1.0 1.1 1.9 - - -
9 1 1.9 1.9 2.0 0.4 - -
10 12 0.9 1.2 1.2 - - -
11 13 1.1 1.2 0.9 - - -
12 14 2.2 14 - - - -
13 15 1.3 15 2.4 0.5 - -
14 16 15 15 2.1 0.9 - -
15 18 1.3 1.1 2.0 0.7 - -
16 19 1.7 2.1 1.9 0.8 - -
17 21 1.3 0.9 1.8 - - -
18 22 1.4 1.6 1.3 - - -
19 23 1.4 1.2 1.4 - - -
20 26 13 - - - - -
21 27 1.9 1.6 17 1.1 - -
22 28 1.1 15 3.0 - - -
23 29 0.5 14 2.3 - - -
24 30 2.6 2.2 1.1 - - -
25 31 15 15 1.8 05 - -
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Table H.24: Composite recording of intersulcal lengths in the left fronto-
parietal operculum, posterior to the AAR (case category)

[Abbreviations: IPRCS (inferior precentral sulcus); CF (central fissure); [POCS
(inferior postcentral sulcus); Op (sole opercular sulcus); Op, (first opercular sulcus);
Op; (second opercular sulcus)].

sn AAR- | IPRCS|CF- |AAR-|AAR- |AAR-
IPRCS | CF IPOCS | Op Op: | Op;
1 2 1.3 1.4 2.6 - - -
2 3 1.0 16 14 - - -
3 5 2.2 0.9 2.3 1.3 - -
4 6 0.6 0.7 2.5 - - -
5 7 2.3 14 1.9 05 - -
6 8 2.1 1.1 2.2 - - -
7 9 1.6 1.6 2.0 - - -
8 10 1.0 1.1 1.9 - - -
9 11 1.9 1.9 2.0 0.4 - -
10 12 0.9 1.2 1.2 - - -
11 13 1.1 1.2 0.9 - - -
12 14 2.2 1.4 - - - -
13 15 1.3 15 2.4 0.5 - -
14 16 15 15 2.1 0.9 - -
15 18 1.3 1.1 2.0 0.7 - -
16 19 1.7 2.1 1.9 08 - -
17 21 1.3 0.9 18 - - -
18 22 1.4 1.6 1.3 - - -
19 23 1.4 1.2 14 - - -
20 26 13 - - - - -
21 27 1.9 1.6 17 1.1 - -
22 28 1.1 15 3.0 - - -
23 29 0.5 14 2.3 - - -
24 30 2.6 2.2 11 - - -
25 31 15 15 1.8 05 - -
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APPENDIX 1

AN EXAMPLE OF THE SHAPIRO-WILK TEST

PROCEDURE

Below we provide an illustration of computational details of the Shapiro-Wilk

test procedure, using Example 1.9 at pg 15 of Wetherill (1981).

In the example:

(a) x; denotes the i"™ unordered sample observation.

(b) x(n denotes the h™ observation in a sample arranged in ascending order
of magnitude.

(¢) di= Xn-i+1)- Xqi)

(d) The values of a,;+; are obtained from statistical tables provided by the
author at pages 378 — 379.

(e)k=0.5nif n is even;

=0.5n - 0.5 if n 1s odd, in which case the value x1y1s ignored

() b=Z{d; » ayi+1 }, where the summation is over index i from i1 =1 to 1
=k

(gnvarx =3 (x;. x)°

(h)W =b* n var x
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Table |.1: First phase computations

O ~N OO OB W NP

5.44
5.36
5.60
6.46
6.75
6.03
4.15
4.44

Xi

X()

4.15
4.44
5.36
5.44
5.60
6.03
6.46
6.75

6.75
6.46
6.03
5.60
5.44
5.36
4.44
4.15

Table 12: Second phase computations

an-i+1 (from

statistical tables)

0.6052
0.3164

0.1743
0.0561

(di « ani+1)

1.5735
0.6391

0.1168
0.0090

b =2.3384
b*=5.4681

2.60
2.02
0.67
0.16
-0.16
-0.67
-2.02
-2.60

nvar X

5.7388 (Instead of author:

erroneous 5.7343)

W =5.4681/5.7388
=0.9528
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