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ANATOMY OF MIDDLE CEREBRAL ARTERY
PapazovaMarija, Zhivadinovik J, Trpkovska B, Dodevski A
Institute of Anatomy, Medical Faculty, Skopje, R. Macedonia

Abstract

Cerebral circulation, especially arterial, in recent decades has attracted theinterest of anatomsitsand clinicians.
Theimportance of the cerebral arterial system isdue to the exceptional importance of the organ that it suppliesand the
fact that cerebrovascular pathological processes are the leading place primary cause of morbidity and mortality.

The aim of this study was to determine the morphological and topographic characteristics of the middle
cerebral artery: shape, position, diameter, length; the number, types and distribution of its branches and the correlation
of these vessels with adjacent brain structures.

The examination was made on 50 specimens of human brain fixed in 10% formalin. The shape, postion,
diameter and length of the middle cerebral artery were assessed, as well as the number, types and distribution of
branches and correlation with adjacent brain structures.

We present the obtained results and the most common variations.

Theimportance of the MCA isaresult of the significance of the structuresit supplies.

Key words: middle cerebral artery, anatomy, vascularisation

Introduction the most developed branch of a. carotisinterna, with the

Cerebral circulation, especialy arterial, inrecent  usual distribution and correlations with adjacent brain
decades has attracted the interest of anatomsits and  structures(Fig.1).
clinicians. Theimportance of the cerebral arterial system
is due to the exceptional importance of the organ that it
supplies, and to the fact that cerebrovascular pathol ogical
processes are at the leading place asthe primary cause of
morbidity and mortality.

The aim of this study was to determine the
morphological and topographic characteristics of the
middlecerebral artery:

- shape, position, diameter, length;
- number, types and distribution of branches;
- correlation with adjacent brain structures.

Material and methods

Macroscopical investigations of morphological
and topographic characteristics of the middle cerebral
artery were performed in the laboratory of the Institute of
Anatomy, applying inspecion and disection methods.

The examination was made on 50 specimens of
human brain fixed in 10% formalin. The arachnoideafrom
the base and lateral sides of the brain was removed, and
careful inspection and dissection of the trunk and
branches of middle brain artery were made. Precautions
weretaken to avoid disruption of the normal topographical
relationships.

The shape, position, diameter and length of the
middle cerebral artery were assessed, aswell asthe number,
types and distribution of branches and correlation with
adjacent brain structures.

All data for the artery and its branches are
illustrated semischematically on uniform drawings
obtained by crossing the orriginal picture of the base of
the brain and the external side of brain hemisphere.

Fig. 1. Leptomeningeal branches of MCA at the lateral surface of
Results brain .

. . . PF (rose), PrC (red), CA (violet), AP (blue), ANG (green), TO, AT,
The analysis of a. cerebri media made on 50 MT,( PT)(b,OW,E) ) (violet), AP (blue) (green)

specimens of human brain showed that this artery was
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Fig. 3. Three terminal branches of MCA

CA (violet) originates from PrC (red), and AP (blue) from ANG (green)

The average diameter of the proximal segment
M, ranged from 2.4 to 4 mm, and the average |ength was
15 mm; and the average diameter of the distal segment M,
ranged from2.2t0 3.9 mm.

Theending of thedistal segment M, was singular
in 15% of cases. In 52% of cases it was divided in two
terminal branches, dorsal and ventral (Fig.2) and in 24%
of cases in three terminal branches (dorsal, ventral and
medial) (Fig.3). Therewerefour terminal branches(dorsal,
ventral and two medial) in 9% of cases.

The average diameter of the dorsal terminal
branchwas 2.0 mm, and itsaveragelengthwas 10.5mmin
cases with terminal bifurcation. The average diameter of
the ventral terminal branch was 2.1mm, and the average
length 10.0 mm.

The average diameter of the dorsal terminal
branchwas 1.5 mm, and itsaveragelengthwas 13.1 mmin
caseswith terminal trifurcation. The average diameter of
the media branch was 2.0 mm, and the average length
14.0 mm. The average diameter of the ventral terminal
branch was 2.1mm, and the average length 10.0 mm.

6

The terminal branches in cases with terminal
tetrafurcation wereradially distributed, and their average
diameter varied from0.7t0 0.9 mm.

The following branches of the MCA were
identified:

- a prefrontalis was singular in 50% of the cases, and it
was doublein the remaining;

- a centraliswas doublein 50% of the cases. |ts diameter
wasfrom 0.7 to 1.8 mm (1.1mm);

- a parietalisanterior' sdiamter ranged from0.6t0 1.7 mm
(2.4 mm) and it wassingular;

- a. parietalis posterior originated directly from the trunk
in 7% of the specimens, and from neighboring branches
in 93%. The diameter of the artery wasfrom0.9t0 1.7 mm
(L4mmy;

- a gyri angularis' diameter ranged from0.7t02.0mm (1.6
mm). Thiswasthe most devel oped branch of MCA in 80%
of the analyzed specimens;

- a. temporoocci pitaliswas formed independently in 60%
of cases and the rest 40% were divisions of a common
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trunk with a. gyri angularis. Itsdiameter was0.7 - 2.2 mm
(1.2mm);
- a. temporalisposterior’ sdiameter ranged from 0.5t0 2.1
mm (1.2mm);
- a. temporalis media diameter ranged from 0.7 to 1.4mm
(12.2mm), and a. temporalis anterior from 0.6 to 1.3 mm
(09mm).

A duplication of the M CA wasregisteredin 0.7 —
2.7% of cases.

Accessory middle brain artery (a. cerebri media
accessoria) was present in 0.3-2.7% of cases.

Discussion

Anatomy of middle cerebral artery

The middle cerebral artery (a. cerebri media;
middle cerebral artery - MCA) is the most developed
terminal branch of the a. carotisinterna. MCA extendson
the base of the brain and then enter the insulcopercular
part through the proximal part of the Sylviussulcus. There
it gives rise to the largest number of leptomeningeal
branches, which come to the surface through the sulcus
of Sylvius and are distributed throughout the lateral side
of the hemisphere. The MCA has two main segments,
proximal and distal (1,2,3).

The Proximal segment (M,) runs from the a
carotis interna to the limen of the insula, between the
temporal and the frontal lobes.

Theintermediate part, between the proximal and
the distal part, is named as the knee of the MCA.

There are 2 to 21 perforant branches (aa.
lenticulostriatae); their diameter being between 80 to 900
um. They originate directly from the M, segment or from
the leptomeningeal branches. They run into the brain
parenhima through the openings of the substantia
perforata anterior. The perforanted branches are usually
divided into media (thin) and more developed lateral
branches. One of the most developed lateral branchesis
the Charcot artery (arteria haemorrhagiae cerebri). The
lenticulostrial arteries most commonly supply: the
rostrodorsal part of the head and the largest part of the
body of the nucleus caudatus, the whole putamen (except
for theventrorostral part), thelateral segment of the globus
palidus (except for the ventrorostral part), the dorsal part
of the capsula interna (i.e. the dorsal part of the crus
anterius and genu, asamost the whole dorsal part of crus
posterior) (4).

A. orbitofrontalis lateralis continues either as
singular or with a common trunk along with the first
perforal artery. Thelatter isthemost proximal of all and it
suppliesthe lateral part of the gyri orbitales.

A. temporalis originates either from the M, or
from a. temporalis anterior. It supplies the temporal pole
and sometimes the ventral part of the uncus.

The distal segment (M,) extends from the limen
of theinsulato the terminal point of the MCA. From the
main trunk of M., leptomeningeal branchesarise, singulary
or together with common trunk and diverge throughout
the insula. At the level of the margina sulcuses of the
insula they change the course making anses, surround
certain parts of the operculum and finaly, through the

sulcus of the Sylvius come out to the surface. The
described vessels are called insuloopercular arteries. On
thelateral carotid arteriogramsthey could be seen forming
the so called triangle of the Sylvius, whichisaprojection
of theinsula. Thelower vertex of thetriangleisformed by
theknee of the MCA, at thelevel of theinsula. Thefrontal
vertex isformed by the most rostral upper insuloopercular
artery ansa. The back vertex is the so called point of the
Sylvius, which islocated on the level at the most caudal
part of the insula, i.e. the most medial part of the gyrus
temporalis transversus. The expansive intracranial
processes can dislocate and deform the parts of the
Sylviustriangle.

The following leptomeningial branches can be
recognized (1, 3, 5):

A. prefrontalis (PF) - originatesfrom the common
trunk together with a. orbitofrontalis medialis and a
precentralis. It supplies the largest part of the lateral
prefrontal cortex, premotor field and the Brocazone.

A. precentralis (PrC) - usually is a singular
branch, located in or near by the groove that carries the
same name. It supplies one part of the Broca zone, the
caudal part of the pre-motor cortex, the frontal eye field
and part of the primary motor cortex.

A. centralis (CA) - arises either singular or with
common trunk with the neighboring branches. Itisusually
located in sulcus centralis or in its proximity. It usually
supplies the deep part and walls of the sulcus centralis,
the caudal part of the gyrus precentralis and the rostral
part of the gyrus postcentralis.

A. parietalis anterior — passes through or near
the sulcus postcentralis. It supplies the caudal part of the
gyrus postcentralis and rostral part of the gyrus
supramarginalis.

A. parietalis posterior — is one of the most
important branches of the MCA. It is located in the
dorsocaudal part of the gyrus supramarginalis and
terminates in the sulcus intraparietalis, supplying these
structures.

A. gyri angularis ANG - is the most caudal and
usually thelongest, singular branch of the MCA. It passes
transversaly throughout the temporal part of the gyrus
supramarginalis or throughout the most caudal part of
the gyrus temporalis superior. It usually terminates in
gyrus angularis divided in two branches, which usually
end in the gyri occipitaleslaterales and suppliesall these
structures; sometimes supplying the most caudal part of
the striaat the level of the occipital pole.

A. temporooccipitalis (TO) - is a strong and
longer branch of the MCA, which extends obliquely
caudally and ventrally through the caudal third of gyrus
temporalis medius et inferior and terminates at gyri
occipitaleslaterales.

A. temporalis posterior (PT) - extends into the
caudal parts of gyrus temporalis superior, medius et
inferior.

A. temporalis media et anterior (MT, AT) -
suppliestherostral partsof all three temporal gyri.
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Variationsof themiddlecerebral artery

The variations of the a. cerebri media are very
rare compared to the other brain vessels. An isolated
aplasia of this blood vessel has not been noted. The
fenestrationisalso very rareanditisusually found inthe
M, segment. The most common variations are accessory
arteriesand duplicationsof MCA (1, 5, 6). When thereisa
duplication of the MCA, two vessels (dorsal and ventral)
arisefroma. carotisinterna. All temporal branchesusually
arise from the ventral MCA, and the leptomeningeal
branches from the dorsal one. The perforant branches
originate from both arteries.

The accessory cerebral artery (a. cerebri media
accessoria) originates from the proximal segment of the
ACA. It runs caudally and laterally and accompanies a.
cerebri media. The accessory MCA usually givesrise to
thelateral orbitofrontal branch, one perforant branch, and
several perforant vessels.

Clinical anatomy of themiddlecerebral artery

The importance of the MCA is due to the
importance of the structures it supplies. The majotity of
strokes originate in the territory of the MCA. The term
occlusion encompasses all causes of regional arterial
failure other than aneurysms (4, 7, 8,9). Theembolism and
lacunar strokes are more frequent in the later years of life.

Embolism

The embolus can be stuck in different parts of
each artery, the trunk, the proximal and distal division or
in the cortical branches.

The trunk

Occlusion of the trunk affects both, central and
cortical branches, inducing contralateral hemiplegia,
extensively expressed contralateral |oss of sensitivity and
directing of the eyes to the side of the stroke. The left-
sided lesions are usually associated with aglobal aphasia
and theright sided with acontral ateral loss of sensitivity.
Many patientsdiein coma, caused by the compression of
the middle brain due to the edematous zone of the stroke.
In some patients the situation rapidly improvesin afew
days.

Proximal divisions

The embolus in the upper divisions causes
contralateral paresis (weakness) and a cortical type of
loss of sensitivity of the face and arm, followed by a
disarticulation, caused by the damages of the supranuclear
pathways involved in the articulation. The left sided
lesions are usually followed by a Broca aphasia, and the
right sided with acontralateral disorder.

Distal divisions

The embolus in the lower divisions causes
contralateral homonim hemianopia, and sometimesastate
of confusion and disturbance which is a result of the
infringement of the lymph pathway in the temporal lobe.
The left sided lesions are usually followed by Werniske
aphasia, alexiaand sometimes by aideomotor apraxia.

Embolism of the branches

The following isolated changes are caused by
the embolus stuck in one of the cortical branches.
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A. orbitofrontalis

Elements of the prefrontal syndrome can be
present.

A. precentralis

Broca aphasia (left sided), monotone speech
patterns (right sided).

A. centralis (Rolando)

Contralateral loss of the motor function or the
sensitive function of the whole face and the left arm.

A. parietalis posterior

Contralateral disturbance (especialy intheright
sided lesions), tactile anomia.

A. giri angularis

Contralateral homonim hemianopia; alexiawitha
left sided lesion.

Aa. temporales posterior et media

Werniske aphasia (left-sided lesion), sensitive
aprosodia (right sided lesion).

Lacunar strokes

The lacunar strokes should be considered when
the clinical data point to asmall lesion (7, 10). The most
common are:

Clear motor hemiparesis, caused by the lacunar
stroke in the corona radiate or capsule interna. The
weakness is usually manifested in the lower part of the
faceand arm and there are sensitive and cortical disorders.

Clear sensitive syndrome, caused by the lacunar
stroke in the ventral back nucleus of the thalamus. There
is a strong disorder of the tactile recognition of the
contralateral extremity, together with the sensitive ataxia.

Syndrome of dysarthria and clumsy arm
movementcaused by the lacuna between the fibers which
come down towards or in the genu capsulae internae.
These have corticonuclear descendent fibers, which pass
toward the contralateral motor nucleus of the pons or the
medulla oblongata and fibers from the premotor cortex,
which takes part in the contralateral manual control. The
dominant signs are dysarthriawhich isaresult of paresis
of thelips, tongue and jaw muscles and clumsinessinarm
movements.

Haemorrhage

Cerebral haemorrhages are usually caused by
one of the aa. lenticul ostriatae of MCA (8,9), dueto prior
systemic hypertension. The most common location is
putamen with spreading in the anterior and posterior crus
of capsulainterna. Haematomas may be small as pease or
asagolf ball. Large hemorrhages rupture into the lateral
ventricle and is usually fatal within 24 hours. Typical
clinical sign is a severe, sudden headache with loss of
consciousnessin several minutes. The eyestend to move
to the side of the lesion. The awakening isfollowed by a
complete flaccid hemiplegia (except for the upper face).
Tendon reflexes are absent on hemiplegical side, and the
Babinski sign is present. After the stroke that affects the
|eft capsulainterna, right-handed peopl e frequently have
initial clumsiness on the left hand. Studies made by
functional magnetic resonance imaging suggest that in
healthy right-handed | eft motor cortex ismoreactive during
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the left-hand movement, than is during the right motor
cortex in the movement of the right hand. In other words,
theleft motor cortex hasahigher level of bilateral control.
The final result of capsular stroke is spastic hemiparesis
with hemihypesthesia (reduced sensitivity). The typical
position whilewalkingis: the elbow and finger in flexion,
and the leg moves forward with circumduction because
of antigravitation tonus of the muscles. During early
rehabilitation, immobilizing of the hand is necessary to
avoid subluxation of the shoulder (partial subluxation).

The middle cerebral artery is an essential
component of the cerebral vascular system with great
morphological and clinical significanceresulting fromthe
importance of the structures which it supplies as well as
from the polymorphism of the pathol ogical processesthat
affect thisartery.
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ANATOMICAL FEATURES OF RIGHT ATRIUM
Zhivadinovik Julija, Lazarova-TosovskaD, PapazovaM, MatveevaN, Dodevski A
Institute of Anatomy, Medical Faculty, Skopje, R. Macedonia

Abstract

The anatomy of the inside surface of the right atrium became more interesting with the development of
ablation techniquesfor treatment of atrioventricular nodal reentry tachycardia(AVNRT).

The aim of this study was to present the dimensions of the ostium of the coronary sinus, the tricuspid valve
anulus and the triangle of Koch, and to describe the arrangement of the superficial atrial muscle fibersin and around

the area of the triangle of Koch.

The examination was made on 100 human hearts obtained after autopsies of patientswho died from no cardiac
reasons. The diameter of the orifice of the coronary sinus, the circumference of the tricuspid valve anulus and the
dimensions of the triangle of Koch (sides a, b, ¢ and the area) were measured and the arrangement of the superficial,

subendocardial muscle fibers was analyzed.

The mean values of thelenght of thesideawas 26.1 + 3.0 mm, sideb 20.2 + 3.6 mmand sidec 24.5 + 2.5 mm.
The mean value of the area of the triangle of Koch was 256, 2 + 6.7 mm?2.The mean value of the diameter of the ostium
of the coronary sinuswas 9.3 + 1.8 mm.The mean value of thelength of thetricuspid |eaflet was 107.8 + 10.3 mm. We
presented the usual pattern and the variations of atrial subendocardial muscle fibers orientation.

Key words: right atrium, triangle of Koch, coronary sinus, tricuspid valve

Introduction

The anatomy of the inside surface of the right
atrium became more interesting with the devel opment of
ablation techniquesfor treatment of atrioventricular nodal
reentry tachycardia(AVNRT) (1, 2).

The interior surface of the right atrium consists
of three parts: a smooth-walled venous component,
posteriorly, leading anteriorly, to the vestubule of the
tricuspid valve and the auricule. The smooth-walled
venous part receives the opening of the venae cavae and
coronary sinus. The wall of the vestibule has a ridged
surface and that of the auricleistrabecul ated (3).

The superior vena cava (vena cava superior -
SVC), that returns the blood from the upper half of the
body, opens into the upper and back part of the atrium,
the direction of its orifice being downward and forward.
Its opening has no valve.

The inferior vena cava, larger than the superior,
returns the blood from the lower half of the body, and
opens into the lowest part of the atrium, near the atrial
septum. Itsorificeisdirected upward and backward, and,
along its lateral, or right margin it is guarded by a flap-
liked valve of varyng size, the valve of the inferior vena
cava (Eustachian valve). The valve is a fold of
endocardium. It is semilunar in form, its convex margin
being attached to the anterior margin of the orifice; its
concave margin, which is free, ends in two cornua, of
which the left is continuous with the anterior edge of the
limbus of oval fossawhiletheright islost on the wall of
the atrium. In the fetus this valve is of large size, and
serves to direct the blood from the inferior vena cava,
through the foramen ovale, into the left atrium. In the
adult it occasionally persists, and may assist in preventing
the reflux of blood into the inferior vena cava; more
commonly it is small, and may present a cribriform or
filamentous appearance.
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The coronary sinus (sinus coronarius - SC)
opens into the right atrium, between the orifice of the
inferior vena cava, the oval fossa and the vestibule of the
atrioventricular opening. It returns the majority of blood
from the heart itself and is it is often guarded by athin,
semicircular valve, the valve of the coronary sinus (valve
of Thebesius). The upper part of thisvalvejoinswith the
Eustachian valve and from this commissure, atendinous
structure, called the tendon of Todaro, runs forward to
the sinus septum (the septum between the sinus septum
and the oval fossa), and inserts into the central fibrous
body..

The foramina venarum minimarum (foramina
Thebesii) are the orifices of minute veins (venaecordis
minimae), which return blood directly from the muscular
substance of the heart.

Antero-inferior in the right atrium is the large,
oval vestibuleleading to the orifice of thetricuspid valve.

A triangular zone (thetriangle of Koch) isfound
between the attachment of the septal leaflet of thetricuspid
valve, the anteromedia margin of the orifice of the coronary
sinus, and the round, collagenous, palpable,
subendocardial tendon of Todaro. The triangle indicates
the site of the atrioventricular node and its atrial
connections.

Anterosuperior to the insertion of the tendon of
Todaro, the septal wall isthe atrioventricular component
of the membranous septum, intervening between theright
atrium and subaortic outlet of theleft ventricle. The atrial
wall bulges anterosuperiorly above the membranous
septum. Thisareaisthe aortic mound (torus aorticus) and
marks the location of the non-coronary sinus of the aorta
with its enclosed valvar cusp.

Thefossa ovalisis an oval depression on the
septal wall of the atrium, and corresponds to the the
foramen ovalein thefetus. It is situated at the lower part
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of the septum, above and to the left of the orifice of the
inferior venacava.

The limbus fossae ovalis (annulus ovalis) isthe
prominent oval margin of the fossa ovalis. It is most
distinct above and at the sides of the fossa; below, it is
deficient. A small dlit-likevalvular opening isoccasionaly
found, at the upper margin of the fossa, leading upward
beneath thelimbus, into theleft atrium; it isthe remains of
the fetal aperture between the two atria.

The intervenous tubercle (tuberculum
intervenosum; tubercle of Lower) isasmall projection on
the posterior wall of the atrium, above thefossaovalis. It
is distinct in the hearts of quadrupeds, but in men is
scarcely visible. It was supposed by Lower to direct the
blood from the superior vena cava toward the
atrioventricular opening.

The right atrium, in and around the triangle of
Koch, can bedividedinto four areaswith relativevly smilar
orientation of the superficial muscle fibers (4). The
variability in the arrangement of these fibers may be one
of the factorsinfluencing the route for impul ses entering
the AV node, which islocated beneath the intersection of
sinus septal, vestibular and anterosuperior areas. The
posterorinferior area located behind and beaneath the
orifice of the coronary sinus, contains mostly longitudinaly
oriented fibersthat extend from pectineate musclesto the
isthmus between the orifice of the coronary sinus and the
septal leaflet of thetricuspid valve. The sinus septal (SS)
areaismade up of circumferential fibersthat run between
the orifices of coronary sinus and inferior vena cava,
encircling the oval fossa. The fibersin the vestibular (V)
area provide a continuation of the Pfiberstoward the AV
node, but also turnin aspira pattern around the orifice of
the coronary sinusaswell asanteroposteriorly to join the
SSfibers. Anterosuperior (A) areageneraly containstwo
groupsof superficial fibers: circumferential fibers passing
infront of theoval fossa, and longitudinal fibers protruding
over the AV node.

The aim of this study was to present the
dimensions of the ostium of the coronary sinus, the
tricuspid valve anulus and the triangle of Koch, and to
describe the arrangement of the superficial atrial muscle
fibersin and around the area of the triangle of Koch.

Material and methods

The examination was made on 100 human hearts
obtained after autopsies of patients who died from no
cardiac reasons. The heartswere removed intact, together
with the proximal partsof the great arteriesand veins, and
fixedin 10% formaldehyde, for at least 72 hours. Theright
atrium was opened through an incision between the
superior and inferior caval venous orifices, and then by
extending an incision perpendicular to thefirst along the
lateral wall of the atrium into the right appendage.

The diameter of the orifice of the coronary sinus,
the circumference of the tricuspid valve anulus and the
dimensions of the triangle of Koch were measured by
caliper. The numeric values of the triangle of Koch were
determined by measuring its sides (a, b, ¢): sidea isthe
length of thetendon of Todaro, sidebisthedistancefrom

the tendon of Todaro to the septal leaflet of the tricuspid
valve (at the right angle to the leaflet) passing through
the coronary sinus and side c is the distance from the
insertion of the side b to the central fibrous body, along
the septal leaflet of the valve. The area of the triangleis
caculatedasP=bx c/ 2.

For analyzing the arrangement of the superficial
musclefibers, theright atrium wasdivided into four areas:
posteroinferior (P), sinus septal (SS), vestibular (V) and
anterosuperior (A) (Fig.1). Atrial endocardium was
carefully peeled, and inspected using magnifying glass
(x10). The orientation of the fibers was described as:
horizontal (parallel totheAV junction), longitudind (paralel
to the interatrial groove at the right angle to the AV
junction) and oblique (obliqueto the AV junction).

Fig. 1. Right atrium divided into four areas: posteroinferior
(P), sinus septal (SS), vestibular (V) and anterosuperior
(A)

Results

The results obtained for the dimensions of the
triangle of Koch have shown that the mean value of the
length of sideawas26.1 + 3.0mm, of sideb20.2+ 3.6 mm
and of side ¢ 24.5 + 2.5 mm. The mean val ue of the area of
thetriangle of Kochwas256. 2 + 6.7 mm?2,

The mean value of the diameter of the ostium of
the coronary sinuswas 9.3 + 1.8 mm.

The mean value of the length of the tricuspid
leaflet was107.8 + 10.3mm.

The analysis of the arrangement of the atrial
subendocardial musclefibersyiel dedthe folowing results:

In the posteroinferior (P) area superficial,
sudendocardia musclefibershad longitudinal orientation
in 91%, oblique orientation in 6% and horizontal in 3% of
the specimens.

Inthevestibular (V) area 95% of specimens had
horizontal orientation of the subendocardia fibers, 3%
had oblique and 2% longitudinal fiber orientation.
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In the sinus septal (SS) area 94% of specimens
had horizontal fiber orientation, 5% oblique and 1%
longitudinal orientation.

In anterosuperior (A) area two types of fiber
orientation (obligue and horizontal) were present in 90%
of cases. In 7% of specimens the endocardial fibers had
longitudina and in 3% oblique orientation of musclefibers.

Discussion

Authors who perform electrophysiological
procedures of radiofregquent catheter ablation (Mc Guire),
consider that the triangle has uniform size among patients
and they analyze the triangle in boundaries that are
significantly smaller than the anatomically accepted ones
(5). These data present values obtained indirectly using
mathematical formula, during electrophysiological
procedures or under direct vision during surgical
proceduresfor cure of supraventricular tachycardia. These
authors were interested in the part of the anatomically
accepted area of thetriangle of Koch aone, since AV node
tissue and slow and fast conducting pathways, arelocated
near the apex of thetriangle, 1 cmin front of the orifice of
the coronary sinus, which is within the scope of this
measuring. The results obtained with the postmortal
measuring of the anatomical boundaries of the triangle of
Kochin our study, are in agreement with published data,
and have demonstrated differences in the area of the
triangle among patients (5, 6).

During electrophysiological procedures the
ostium of the coronary sinus (OCS) providesauseful route
for mapping and ablation of left-sided accessory
pathways. In addition, the OCS is an
electrophysiologically active structure. Previous studies
have demonstrated the capability of spontaneous
depolarization and slow conduction in the smooth muscle
of the CS, providing inherent automaticity (7, 8). Also,
the atrial myocardial sleeve that covers the proximal CS
provides the ability for conduction and automaticity,
forming an electrical connection between the two atria
Studies have shown that this connection is of clinical
importance as it may be a source of arrhythmias such as
atridl fibrillation (9). ActivemyocardiumwithintheCSmay
serve either as a source for abnormal automaticity
generating afocal tachycardia or as a part of a reentrant
circuit. In patientswith atrial fibrillation, CS myocardium
may alsoinitiate recurrent atrial fibrillation. Sincethe CS
is one of the connections between the right and left atria,
with Bachmann’s bundle forming the other important
connection, reentrant tachycardiainvolving the CSmuscle
and both atriaare sometimes seen in patientswith marked
atrial enlargement, especially after a surgical maze
procedure.

Marked changesin fiber orientation in the zone
of intersection of fibers from SS, V and A areas (at the
apex of the triangle of Koch) could account for
discontinuity in the spread of the excitatory wave front
(2, 10, 11, 12). In our study 91% of examined specimens
had the usua architecture of the subendocardia atrial
muscle fibers, and most variations were in area A
(longitudinal fiber orientation in 7% of the specimens),
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which was in agreement with the literature. Privious
studies have shown that conduction of theimpulseswithin
the muscular walls of the atriumsreflect the arrangement
of well devel oped muscular bundles. Experimentaly were
demonstrated two broad bands of atrial approaches to
the AV node, one from the inferior region beneath the
orifice of the coronary sinus (V area), and the other from
the SS area (2, 6, 10). These approaches reflected the
geometry of the right atrium produced by the orifices of
the caval veins, the coronary sinus, and the oval fossa.

The relationship between the above described
gross morphologic picture of the atrial approaches and
the compact AV node is of enormous importance. The
orientation of the superficial musclefibers correlated with
the known patterns of activation. Propagation of impulses
in a direction parallel to muscle fibers is faster than
propagation in a direction at right angles to the fiber
(anisotopic conduction). Thus, the variability in the
orientation of the fibersin the approaches may influence
the input of impulses to the AV node. The variation of
changesin orientation from one areato another, or within
the same area, may potentiate reentrant circuit.
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VARIATIONS OF FACIAL NERVE SURGICAL ANATOMY IN PAROTIDECTOMIES
Popovski Vladimir, Pantchevski G lliev A
Clinicfor Maxillofacial Surgery, “ St Cyril and Methodius® University, Skopje, R. Macedonia

Abstract

I ntroduction: Theanatomy of thefacia nervewithin the parotid gland issubject to variation and itsidentification
may be further complicated by distortion of its course by tumors, scarring secondary to past inflammatory disease or
surgery, or congenital abnormalities. Parotidectomies are without doubt the most demanding form of salivary gland
surgery because of the difficulty of avoiding damage to the facial nerve. The relationship of the parotid gland to the
facial nerveisof primary surgical importance in parotidectomy procedure. Immediate postoperative dysfunction was
frequently encountered (37.1%), but permanent dysfunction was uncommon (3.9%). Regional anatomical peculiarity
and evident increasing incidence of parotid gland neoplasm’s, create the necessity of competent diagnostic and
surgical approach.

Material and methods. We have analyzed the medical records retrospectively, 81 consecutive patientswho
underwent parotid surgery at our institution in the past 10 years with attention to CT and MRI preoperative findings,
operative trunk distance, type of peripheral pattern of facial nerve branching and interconnections.

Results: MRI issuperior for determining tumor character and facial nerveinvolvement. Mean distancefrom
the pointer to the facial nerve trunk and bifurcation was 13 mm, ranging from 12.5 mm and 13.5 mm respectively.
Hypoplastic or hyperplastic changes on the main trunk and nerve branches were present in 33% with prevalencein
temporal branch. Trifurcation may present with addition of abuccal branches. Thefrequency of peripheral pattern and
connections of the facial nerve were type Il (32.1%), type | (27.1%), type IV (23.5%), type |l (17.3%), in order of
frequency. In every distinctive type subsequent subtype was included.

Conclusion: In most cases, the length of the facial nerve waslonger in superficial tumors. It located at more
superficial portion than we expected, so we should pay more attention to it during parotid surgery. Intype 11 pattern
of peripheral branches of facial nerve, we should identify the anastomosis of buccal and zygomatic branches. Mandibular
branch rarely had an anastomosis with the other facial nerve branchesin its peripheral distribution.

Key words: parotid gland, parotid neoplasm’s, facial nerve, magnetic resonance, parotidectomy

Introduction

Therelationship of the parotid gland to thefacial
nerve is of major surgical importance in parotidectomy
procedure. Extratemporal part of thefacial nerveexitsthe
cranium viathe stylomastoid foramen typically crossing ,-"’
the posterolateral aspect of the styloid process and
quickly enters he parotid gland. Through the

intraglandular coursefacial nerveisintimately interwoven Masfoud i :

with parotid tissue. The first major division of the nerve N . i N ral
(pes anaserinus) occurs approximately 1.3 cm from the : ' : I
foramen into temporofacial and cervicofacial branches. R

Most commonly these divisions and their branches have ?:::’

multiple anastomoses and anatomic studies have

demonstrated eight major branching patterns. Skillful Euscalbarese: i
knowledge of facial nerve anatomy is crucial to avoid its PR, e SR
accidental injury during parotidectomy, maxillofacial :

fracture reduction, rhytidectomy, and almost any extensive
surgery of the head and neck. Reasonable speed and
safety inidentifying and preserving important anatomical
structures are of vital importance for successful surgery
inall specialties.
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Parotid gland surgically is often referred to as
superficial and deep lobes, but anatomically it isreferred
to as unilobular gland with numerous processes and no
true superficial and deep |obes separated with facial nerve
branching®'*'2, The variations of facial nerve anatomy
encountered during the course of parotidectomy with
facial nerve dissection and preservation are analyzed. In
most large series**#, their incidence of variations range
from 42-96% with wide diversity of identified patterns.

Fig. 2. Facial nerverelationshp at stylomastoid foramen

Thesurgical anatomy of the peripheral branches
of the facial nerve has been well documented in the
literature!231415_ On the other hand, it isalmost mandatory
tofind significant variations. Theidentification of thefacial
nerve in the parotid region during parotidectomy isa
paradigmatic procedure. Both the main trunk and
peripheral branches must be identified and preserved to
prevent permanent aesthetic sequelae and medico-legal
actionsrelated to facial paralysis.

Material and methods

Selected isown materia fromthe University Clinic
for Maxillofacial Surgery in Skopje, wherein thelast ten
year period, parotid neoplasms surgery was performed
342 patients, of whom 214 were treated with superficial,
subtotal or total parotidectomy with preservation of the
facial nerve. Completely records for this study we have
evaluated in 81 cases comparing preoperative imaging
assesment, intraoperative findings and rel ationship of the
dissected and preserved facial nerve with tumor mases.
Routine diagnostic algorithm for parotid neoplasms was
performed, where tumor detection through initial
diagnostics has determining asperity for the kind of tumor
pathology required. Magnetic resonance images (MRI)
were schematic analyzed about necessary preoperative
assessment including the relationship of the facial nerve
with the mass lesion and the parotid gland.

In this study, the intraoperative mapping study
was done to obtain the exact anatomical data by drawing
the exposed facial nerve branchesin life size during the
operation of parotidectomy. Measurements were made at
the end of the procedure by using a caliper. Measuring
was performed after tumor and gland tissue extirpation
and commaodious revelation of the facial nerve and its
branches. At the end of the procedure, the correct location
of the nervewas double-checked by enlarging theincision
to confirm theposition of the nerve and theintegrity of its
branches. Cases with partial or complete resection of the
facial nervewere excluded.

Amongst other important entities we have
compared the pattern of facial nerve branching,
interconnections, positioning and specific characteristics
of thetrunk and branches. Intraoperatively the meticulous
dissection and anlayzes were facilitated by means of the
operative magnifyng loupes (6 x magnification).

Fig. 3. Intraoperative findings during parotidectomy
procedure

Fig. 4. MRI with facial nerve position and tumor
comprehension
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Results

We observed differences in the positioning of
the facial nerve and the course of the branches of the
facia nerveintraoperatively. Special attention wascreated
about facial nerve positioning and changes after the tumor
extirpation in parotidectomy procedure.

Fig. 5. Main trunk and greater auricular nerve

The variations in the course and length of the
trunk were confirmedin 8 cases (9.8%), whilediscrepancies
of the branching pattern of thefacial nervewere observed
in 62 cases (76.5%). Regarding thetrunk our findingswere

Type | 23.4%

TENP.

Type Il 12.3%

TEMD

WA N

HANE

CERY

Fig. 6. Facial nerve branching variations-schematic statistic
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Subtype | 3.7%

with differences in the length in range 12.5 to 13.5 mm
while average length around 13 mmwas confirmed in more
than 90% (70 cases). Hypoplastic trunk was apparent in
9.8% (8 cases), ussualy after removal of parotid tumor
masswith greater dimmensions. Hiperplastic thrunk was
evident in only 3.7% (3 cases). In almost all cases, main
trunk wasdivided into alarger zygomaticotempora (upper)
divisonand asmaller cervicomandibular or lower division.
Only in one case lower division was larger then upper
division.

Themain trunk isthe most consistent portion of
the facial nerve. The average length was around 13 mm,
ranging from 12.5 to 13.5 mm. The most significant
elongation was found in cases after double preparation
of facial nerve—usually after removal of deep lobe parotid
neoplasm.

Within the parotid gland, there was branching
with many individual variations. It was found that the
upper division of the facial nerve gives off temporal,
zygomatic and buccal branches, whereas the |lower
division emitsmarginal mandibular and cervical branches
The latter innervate the platysma and may communicate
withthecervical plexus.

Thefour typesof branching patternsof thefacial
nerve with four subtypes were noticeable and are
illustrated in Fig. 6 Sema asfollows: Type 1: Thispattern
lacks anastomotic links between the main branches of each
division. However, in one subtype, thereis splitting and

Type Il 24 7% Type IV 18.5%,

TEMF

ITGEOMATIC

B sl e

WD Al

HA MTH ihG

MANTE
MANTHINNL AR
WEANDE COERY.
CERYICAL
AHARCH
Sulbnype IV 5% Subtype [0 7.4%
TEMF TEMF

ETG.

LR o
BLC

WA WD,
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Fig. 7. Upper division hyperplastic and larger that the
trunk

subseguent reunion of the zygomatic branch whilein the
other, the mandibular branch splits and reunites (Fig. 7).
With the subtype comprises 27.1% (19+3 cases). Type 2
In this type, subdivisions of the buccal branch fuse
peripherally with the zygomatic branch (Fig. 8). With the
subtype comprises 17.3% (10+4 cases).

Fig. 8. Atypica branching of thefacia nervelower division

Type 3: There are mgjor communications between the
buccal branch and others with pronounced connections
of the upper division in the prevalent subtype Il (Figs9,
10). With the subtype comprises 32.1% (20+6 cases). Type
4: Inthistypethereisacomplex branching and anastomotic
pattern between the major divisions (Fig. 11). With the
subtype IV comprises 23.5% (15+4 cases). Subsequently,

Fig. 9. Facial nerve branching and interconnections after
tumor remuval

Fig. 10. Abundant branching and connections of the
upper division of the facial nerve

Fig. 11. Rare type of branching pattern with strong
zygomatic branch
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thefacia nerve branchesleave the parotid gland and enter
the face, where they continue further distally covered by
the skin, subcutaneous tissue and facial muscles.

With regard to the connection between branches,
it was most in zygomatic to buccal connection (72 cases-
88.8%) and least in buccal to mandibular connection (9
cases-11.2%). Overall postoperativetransitional palsy was
observed in 32% and only 2.7% had prolonged
dysfunction of thefacial nerve branchesup to six months.

Discussion

Productivesurgica interventionin case of parotid
tumors depends upon good exposure and preservation of
facial nerve. This requires a solid understanding of the
anatomy of the parotid gland asabasic clinical knowledge
for doing surgery safely, including the knowledge of extra
temporal anatomy of facial nerve and variations amongst
its branches. In this study we aimed to identify the
patterns and variability of the branchesof thefacial nerve.
The branches anterior to the parotid gland are very thin
and susceptible to surgical or other kind of injuries.

According to our findingsbifurcation of themain
trunk inside the parotid gland into atemporal and cervical
division wasthe most common configuration. Trifurcation
may present with addition of abuccal branch™. We have
confirmed that in only two cases.

Temporal branch was usualy single, the largest
insizeand richest in divisions®8, Thiscomplex nerve may
have multiple branches, plexiform configuration,
interconnectionswith itself and with buccal and zygomatic
division. Only rarely is hypoplastic, more frequently is
hyperplastic. It also presents terminal branches with no
connections, but there are from five to seven recognized
divisions, consisting of one branch to frontal area, two
branches to orbital area, three branches from zygomatic
section and two branchesto the buccal area. Thezygomatic
branchislargest and the most important, whilethefrontal
branchissmallest.

Thebuccal branch from the main stemis present
in around 25% of cases?®!3, Always was single and
hypoplastic. Mostly connects with the temporal or
zygomatic branches.

The cervical branch is subdominant division of
two main branches. Inrare caseit also may be hyperplastic
or to have multipletrunks and be plexiform. The marginal
mandibular is frequently delicate branch, vulnerable to
injury, and connects with other divisionsin 12%.

Our findingsin thiswork are consistent to those
in the most previous reported studies regarding the
extratemporal facial nerve anatomy variations**1°. First
classification of variations was from Katz and Catalano
(1987), from their study of the facial nerve’'s anatomy in
100 patients undergoing parotidectomy, where they
observed double trunked nervesin three individuals and
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cautioned surgeons that unless they were aware of this
anomaly, unnecessary damage to the facial nerve could
result®. Others, inequally largeor larger series, havefailed
to encounter this variant>*5. The pattern of branching of
thefacia nervewithinthe parotid glandisalso variablein
all previous studies. In relation to the temporal and
zigomatic branchs, our resultsare similar to the Furnas®. It
is running between the lower part of the ear lobe and the
lateral edge of the eyebrow. In accordance with the
literature we found in 32.1% connection between the
zygomatic and buccal branches. The buccal branches of
thefacial nerve were noted as having a close relationship
with the parotid gland asit crosses anteriorly. In Pogrel et
al’s study the nerve was found only having one buccal
branch in 85% of the cases and the branch or branches
coursed inferior and superior to the Stensen’sduct in 75%
and 25% of the cases, respectively'®. Saylam et a found
variationsin 52% of the patients superior, 35% inferior in
zygomatic division and mixed patternsin therest. Erbil et
al noted that in 90% of all cases both inferior and superior
zygomatic branches crossed the facial nerve anteriorly
and all buccal brancheswereinferior to the duct and none
of them crossed the duct. Richards et al mentioned that
the branches of thefacial nervewere alwayslateral to the
parotid duct. In our study, the buccal branches of the
facia nerve have both superior and inferior brancheswhich
all passlateral to the parotid duct®®. The majority of parotid
tumorswithin the gland were located in the body and not
in the tail of the parotid gland. This study has the
advantage that it was derived from contemporary
operative findings rather than cadaver dissections and,
as a result, incorporated functional information and the
postoperative significance of damage to some of the fine
branches.

In conclusion we can corroborate that the facial
nerve has a complex pattern of branching which greatly
varies between patients. In parotidectomiesidentification
of the main trunk over established landmarks is
unconditionally reliant on the exact preoperative planning,
but the fine further facial nerve dissection is dependent
to the comprehensive knowledge of the branching pattern.
Intypelll and IV pattern of peripheral branches of facial
nerve, one should identify the anastomosis of buccal and
zygomatic branches. Mandibular branch rarely have an
anastomosis with the other facial nerve branches in its
peripheral distribution. We are in the opinion that the
upgraduated knowledge of courses and relationships of
the branches of the facial nerve will actually provide a
great benefit in preventing surgical complications and
postoperative morbidity in operative proceduresincluding
parotidectomy and almost any extensive surgical
procedure of the head and neck.
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CERVICAL SPINAL CANAL MEASUREMENTS-INDICATORS OF SPINAL STENOSIS
MatveevaN, LazarovaD, NakevaN, Zivadinovik J, ZafirovaB
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Abstract

Theaim of this study wasto determine normal measurements of the C3-C7 spinal canal, spinal cord and the
spaceavailablefor thecord inanteroposterior planefrom MR images and to compare these with previously published
data. M easurements were made from 30 MR studies of the cervical spine. We measured the anteroposterior diameters
of the vertebral bodies, spinal canal and spinal cord at each vertebral level and computed these diameters to provide
two useful numerical values, termed the Torg ratio and the SAC (space available for the spinal cord) value. The Torg
ratio was determined by dividing the sagittal spinal-canal diameter by the corresponding sagittal vertebral-body
diameter. The SAC was determined by subtracting the sagittal spinal-cord diameter from the corresponding sagittal
spinal-canal diameter. The cord varied in average anteroposterior diameter from 7.7mmSD (0.7) at C3t06.7 mm SD (0.7)
at C7. Thespina cana varied in average anteroposterior diameter from 15.4 mm SD (1.41) at C3t014.7 mm SD (1.38) at
C6. The SAC ranged from 7.0mm SD (1.29) to 8.8 mm SD (1.75) and was greatest at C7. The SAC wastheleast at C4 or
C5inmost of the subjects. A Pearson product moment correlation revealed ahigh level of correlation between the Torg
ratioand SAC (r >0.5, P <.01).
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Introduction or disease and condition for which MRl was

Shape and morphometric aspects of the bony
spinal canal reveal level dependency, inter-individual and
sex variation, and are particularly susceptible to changes
with aging [1]. The cervical spinal canal may become
narrowed as a result of a congenital defect (congenital
stenosis) or following other changes associated with the
vertebral column or its related structures (acquired
stenosis). TheTorg ratio iswidely accepted asan indicator
for identifying stenosis. A ratio of less than 0.80 or 0.70
indicates significant spinal stenosisand an increased risk
for neurologic injury [2]. Because stenosis is the spinal
cord’s encroachment in the spinal canal and spinal canal
and cord sizes vary among individuals, measurement of
the space available for the cord (SAC) may be a useful
indicator for identifying stenosis. The aim of this study
was to determine normal measurements of the C3-C7
spinal canal, spinal cord and SAC values in
anteroposterior planefrom MR images of asymptomatic
individuals and to compare these with previously
published data. The second aim was to examine the
relationship between the Torg ratios and the SAC values
in order to establish SAC value as an indicator for
identifying an increased risk for neurologic injury and
spina stenosis.

Material and methods

Thirty subjects (14 males, 16 females), 26 to 64
yearsold (mean age 48 years) were analyzed in this study.
Subjects who reported a history of cervical spine injury
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contraindicated were excluded from the study. Sagittal-
diameters of the vertebral body, spinal canal, and spina
cord were traced manually and assessed. The sagittal
vertebral-body diameter was measured at the midpoint
between the superior and inferior endplates. The sagittal
spinal-canal diameter was measured as the shortest
distance from the midpoint between the vertebral body’s
superior and inferior endplates to the spinolaminar line.

Fig. 1. Sagital diameter measurements of the spinal cord,
spinal canal, and vertebral body

3,6.9,12. 15 = sagittal spinal cord diameter,
2,5,8,11,14 = sagittal spinal canal diameter;

1,4,7, 10, 13 = sagittal vertebral body diameter.
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The sagittal spinal cord diameter was measured at the
midline of thevertebral body at the appropriatelevel. The
average of 3 measurementswasreported. The Torg ratio
was determined by dividing the sagittal diameter of the
spinal canal by the sagittal diameter of the vertebral body
The SAC was determined by subtracting the sagittal-cord
diameter from the corresponding sagittal canal diameter
(Figurel).

1.5-TeslaMRI scanner with body coil was used
to collect the data. MRI consisted of a volume 3-
dimensional, T2-weighted, fast spin-echo pul se sequence
(TR=3000ms; TE=105ms; FOV =32cm; 1.3-mmsdlice
thickness; 256 x 256 matrix; 2 NEX;). This pul se sequence
was selected because the 3-dimensional, fast spin-echo
pulse sequence provides a higher resolution and signal-
to-noise ratio than conventional 2-dimensional, fast spin-
echo imaging. Head position was standardized in the
subjectswith theneck in neutral position. The MRI scans
were evaluated midsagittally at each spinal level from C3
to C7. Sagittal diameters measurements of the vertebral
bodies, spinal canal, and spinal cord weretraced manually.
All imaging were performed and evaluated by adiagnostic
radiologist.

Satistical Analyses

A Pearson product moment correlation was
calculated to determine if there was a significant
relationship among the sel ected variables. The Statistical
Package for the Social Sciences (version 13.0, SPSSInc,
Chicago, IL) wasused for all statistical analyses.

Results

Average sagittal spinal canal diameter, spinal
cord diameter, SAC and Torg ratio scores were reported
by spinal level (C3to C7) for each subject.

Average sagittal vertebral body diameter varied
from 14,8 mm SD (1.47) at C3to 15,05mm SD (1.6) at C4,
14,7mmSD (1.4) a C5, 154mm SD (1.7) at C6 and 15,6 mm
SD (1.4) at C7 (Fig.2). Comparison of our data with the
literature reveal s disparate measurements that vary up 2
to 3 mm from our mean values (Table 1).
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Fig. 2. Sagittal cervical vertebral bodiesdiameters (from
C3toC7)

Average spinal canal diameter varied from 15.4
mm SD (1.41) at C3to 14,7mm SD (1.53) at C4, 14,5mm SD
(1.38) at C5, 14,7 mm SD (1.46) at C6 and 15,4mm SD (1.66)
at C7 (Fig.3). Comparison of our datawith the literature
reveals disparate measurements that vary up 1 to 3 mm
from our mean values (Tablel).

Comparing confidence intervals of sagittal canal diameters by segments

95%confidence level

16.0—

155+

15.0—

95% ClI

145+

14.0

T T T T T
c3.sC c4.sC C5.sC C6_SC c7.sc

measured in milimeters

Fig. 3. Sagittal cervical spinal canal diametersby segments
(fromC3to C7)

Table 1. Sagittal vertebral body diameters (means) and sagittal spinal canal diameters (means) by different authors
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The cord varied in average anteroposterior
diametersfrom7.7 mm SD (0.74) at C3and C4 to 7.5mm
SD (0.7) at C5to 7.0 mm SD (0.67) at C6 and 6.7 mm
SD(0.74) at C7. The cervical enlargement of the
anteroposterior diameter of the cord was found from C3
to C6 (Fig.4).

Comparing confidence intervals of sagittal spinal cord diameter
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Fig. 4. Sagittal cervical spinal cord diameters by segments
(from C3to C7)

Torg ratio dataranged from 0.97 to 1,05 mm and
averageTorgratiowasgreatest at C3, 1.05SD (0.17).The
average Torgratiowasthe smallest at C6, 0,97 SD (0.16).
Average Torq ratios at C4, C5 and C7 were 0.99. A Torg
ratio lessthan .80 existed in at | east one vertebral level in
6 from 30 subjects. Also, aTorg ratio lessthan .80 existed
in8of 150 vertebral levels.

SAC dataranged from 4.8to 12.5 mmand average
SACwasgreatest at C7, 8,78 mm SD (1.75). Theaverage
SACwasthe smallest at C4, 6,97, SD (1.29). The data of
the SAC vauesat C4 ranged from 4,80 to 9,40 mm.

A Pearson product moment correlation revealed
ahighlevel of correlation between the Torg ratio and SAC
(r >0.5, P <.01) at each level from C3to C7.

Discussion

Morphometric studies of the vertebral canal
report racial and ethnic variation, apart from age and sex
differencesinthecand size[ 3,4, 5, 6]. Thereisconsiderable
variation in the transverse diameter of the spinal canal
between different races. The canal sizein Indiansismuch
smaller than that inthe other races[7, 8]. Also, many authors
havereported level differencesin the mean sagittal osseus
spinal canal diameter, so our sagittal vertebral-body and
spinal-canal diameterswere, on average, 1to 3mmdifferent
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than measurements reported in several studies. In some
cases, the difference exceeded 3 mm. These differences
due to the fact that we used MRI in determining
measurements, and previous authors used radiographs
or computed tomography scans. Compared with
radiography, MRI avoids magnification error, allowing the
direct measurement of the spinal cord.

Shape and morphometric aspects of the bony
neural canalsare particularly susceptibleto changeswith
aging. Disc degeneration during the process of aging may
alter or even threaten the functional anatomical
relationships between successive adjacent “juncturae’
of the vertebral column. At one level the intervertebral
joint is made from three parts, the disc and the posterior
facet joints. Changes affecting the discs also alter the
posterior facet joint and vice versa. Evidence suggests
that the sagittal diameter is more frequently involved in
stenotic lesions. The factors that affect the sagittal
diameter of the canal areaterationsof anterior components
of the canal: trabecular reorganization and spreading of
vertebrae in aging and disc degeneration. These factors
conjoined with thickening of theligamentum flavum can
contribute to diminishing the sagittal diameter of the
vertebral canal. Osteophytic enlargement of the facet
joints can also provoke narrowing of the spinal canal.
Some authors have reported spinal canal dimensionsasa
risk factor for the development of symptoms of spinal
stenosis.. In symptomatic patients spinal canal dimensions
are significantly smaller, less then 12 mm than those in
asymptomaticindividuals[9].

We found a significant relationship (r > 0.5)
between the Torg ratio and the SAC. The vertebral body
is used in the Torg ratio as a way of controlling for
magnification errors. Herzog et al explained that the Torg
ratio relies on both the spinal canal size and vertebral-
body size[10]. SAC measurementsrelie most heavily on
the spinal canal and the spinal cord. These components
are directly involved in aneurologic injury occurring at
the cervical spine related to stenosis. Previous research
studies revealed an increased risk of recurrence of a
cervical-cord neurapraxiaepisodeswith less SAC values
[17].

In the published studies assessing the SAC,
head position was not standardized. Torg et a. did not
indicate a standard head position during the MRI, and
Herzog et al. examined subjectswith the neck in the neutral
position. Our subjects’ head positions were standardized
because head position affects spinal-cord size and spinal-
cord size varies among individuals [12,13]. Using
standardized head-positioning method is important to
ensurereliable SAC measurements.
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The limitation of our study isthe small number
of included subjects. Future research should examinethe
SACvaueasan indicator of increased risk for neurologic
injury and spinal stenosis. Critical SAC valuesmay predict
development of significant stenosis or may indicate an
increased risk of neurologic injury which is especially
important for sportists or people with occupations with
increased risksfor traumatic injury of the cervical spine.
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Abstract

Thereisvariable number of sesamoid bonesin the human body; one of them isfabella, located in the tendon
of the gastrocnemius muscle. This study was conducted to examine the frequency of occurrence of fabella in the
Macedonian population and to discuss the clinical implications of this bone. Over a time span of six months, 53
patients (38 malesand 15 femal es, age range 19-60 years) were examined with computed tomography (CT) or magnetic
resonanceimaging (MRI). Thereportswere reviewed for the presence of fabella. Infive (9.43%) patients of 53 analyzed
reports, fabellawasfound inthe lateral tendon of gastrocnemius muscle. Fabellais present in the M acedonian population
and we should think of this sesamoid bone while performing diagnostic and surgical procedures.

Key words: fabella, sesamoid bone, anatomy, surgery.

Introduction

Galen is reputed to have first used the term
“sesamoid” because of the resemblance of these bones
to sesame seeds. Most sesamoid bones are only a few
millimetresin diameter and vary in shape. Thelocation of
some saesamoids is constant, but many other sesamoids
exist with variable frequency and sites. They are more
frequent in hands and feet fingers. Most sesamoid bones
are structures inside the tendons or in periarticular areas
in close proximity to joints; however, their preciseroleis
not understood. It isbelieved that they alter the direction
of musclepull, decreasefriction and modify pressure. Some
sesamoids ossify, whereas others remain cartialaginous
[1].

In humanswe can find about 46 sesamoid bones;
fabellaisfound on kneejoint. Fabellais placedinsidethe
tendon of the gastrocnemius lateral muscle in posterior
part of the condyluslateralisfemoris. Itisusually located
in the lateral head of the muscle, and occasionally may
occur in the tendon of the medial head of the muscle [2].

The aim of this study was to investigate the
frequency of occurrence of fabella in the Macedonian
population and to emphasize the clinical importance of
this in some cases forgotten bone.

Material and methods

We retrospectively examined radiographs of 53
patients who had knee exams undertaken for avariety of
clinical reasons, performed as a part of their medical
treatment at the University Clinicfor Radiology in Skopje,
R. Macedonia. For the purpose of this study 15 females
and 38 males, ranging in age between 19 and 60 years,
mean age of 36.7+12.3 years, were examined. The patients
wereexamined using CT or MRI. Wereceived high quality
images, which met the requirements of our study.
Anatomical analysis of theimagesrealized for medically
justified goal wasdone. Imagesfor each of the 53 patients
were retrospectively analyzed by two independent
authors.
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Results

The radiological reports were reviewed for the
presence of fabella. Infive (9.43%) patients of 53 analyzed
reports fabella was found in the lateral head of the
gastrocnemius muscle. We did not find asignificant gender
or side difference in the appearance of fabella.

Fig. 1. CT images of the knee showing the presence of
fabella

Discussion

The fabella, or “little bean,” is a bony or
cartilaginous structure in the posterolateral aspect of the
knee. Itisgenerally believed to reside in the tendon of the
lateral head of the gastrocnemius; however, many
structures merge at the fabella. Thefabellarangesin size
from approximately 5 mm to over 20 mmin diameter, with
themajority being oval in shape[3]. Thereareafew reports
on the fabella's histology. Histological the fabella is
classified by the predominant tissue as bonetissue, fibrous
tissue and fibrocartilaginous[1, 4].

Until now, several studiesreporting theincidence
of thefabellahave been published in theliterature. Fabella
wasfound by Silvain 3.1% of cases, Weiner in 12% of the
cases, Phukubye in 23.5% of the cases and by Sarin in
31% of the cases. Theresultsobtained in our study (9.43%)
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for the frequency of the fabella are consistent with the
published literature. Data derived from our study suggest
that gender has no role in the appearance of the fabella,
and confirmed some earlier findings by Sarin and
Phukubye.

The search for elucidation the mysteries of
formation and frequency of the sesamoid bones has been
promoting the activity of many researchers. Therearetwo
theoretical propositions for the development of these
bones, a functional and a phylogenetic. The functional
theory finds support in the biomechanical aspect, where
these bones are described as pulleys, reducing thefriction
of the tendons and potentiating the muscular handspike.
The phylogenetic theory suggests genetic intrinsic
factors developed during the evolutionary process that
can bethe key for development of sesamoid bones. They
appear in the womb period. Initially cartilaginous they
can calcify or not after the birth depending on the kind of
activity done by the individual, that is, a“biomechanics
embryological” origin[6].

Although initial anatomic studies emphasized a
lack of significance of the fabella, this sesamoid bone has
been associated with a spectrum of pathology affecting
thekneeranging from fabellar syndrometo peroneal nerve
injury, fabellar impingement and fracture[7].

Fractures of the fabella are extremely rare but
important clinical entity, which may be easily overlooked
clinically and radiographically, with few casesreported in
theliterature. Clinical information can provideahighindex
of suspiction, and when coupled with radiographic and
CT findings, may lead to correct diagnosis[7]. Fractures
of the fabella cause a severe posterolateral knee pain
associated with decreased range of motion, inability to
bear weight, and limited knee extension. On exam,
tenderness is elicited with either hyperextension or
compression of thefabellaover thelateral femoral condyle
[8]. Fracture etiol ogiesinclude direct traumato the lateral
or posterolateral knee, repetitive microtrauma, and altered
biomechanics in patients after total knee arthroplasties
[9]. Early recognition and conservative treatment with rest,
immobilization, and physical therapy are believed to be
effective at relieving symptoms. However, fabellectomy
is recommended only after afailed trial of conservative
therapy or if thereisimpingement of the common peroneal
nerve[7,8,9].

Several researchers have reported fabellar
impingement after total knee replacement on either the
tibial polyethylene component or the femoral component
[10, 11, 12, 13]. Fabellar impingement can cause
postoperative pain, swelling, catching and clicking around
the knee joint, and can significantly compromise the
resultsof total knee arthroplasty [10]. Diagnosiswas made
using lateral radiographs, and the symptoms resolved after
fabellectomy [10, 11, 12, 13]. The cause of fabellar
impingement after total knee replacement is probably
multifactorial. It could berelated to thelarge size (> 1 cm)
of the fabella or to anatomic variation in the location of
thefabellainthelateral head of the gastrocnemius muscle
that may affect the relationship of the fabella to the
prosthetic components. Other causes of postoperative

fabellar impingement includeincorrect positioning of the
prosthetic components, a mismatch in sizes of the
prosthetic and native femoral condyles, or ligament
instability [11]. To avoid painful fabellar impingement after
total knee arthroplasty, the preoperative radiograph should
be carefully scrutinized. If thereisafabellathat islarger
than normal, thought should be given toitsexcision during
replacement of theknee[12].

The common peroneal nerve is the most
frequently damaged nerve in the lower limb. Until now,
several studiesreporting aperoneal nerveinjury resulting
from a fabella have been published in the literature.
According to these studies we can conclude that the
fabella should be considered as one of the possible
reasons for peroneal nerve palsy. Therefore, whenever a
patient complains of pain, palsy, or sensory changes in
the distribution of the common peroneal nerve, and
whenever a mass is found posterolateral to the head of
the fibula or posterior femoral condyle, the presence of a
fabellamust be considered [14, 15].

The most common pathologic condition is
fabellar syndrome characterized by posterolateral sharp
knee pain, usually exacerbated in extension, and local
tenderness over the region of the fabella, due to
chondromalaciafabellae[2, 4, 5, 11, 14, 15, 16, 17]. The
condition usually occurs during adolescence and is not
related to previous knee surgery. Conservative treatment
includes steroid injections, immobilization, rest from
activity, and analgesicsfor up to 6 months. Indication for
surgical treatment is failed conservative therapy after 6
month trial. Surgical intervention for recurrent knee
dysfunction associated with this accessory bone has been
reported as successful. A simple manual therapy
intervention and subsequent education for effective self
management strategies could significantly reduce the
incidence of surgical excision of the fabella. Physical
therapists need to be aware of fabella syndrome as a
possible diagnosis for patients with posterior knee pain
and need to include appropriate examination procedures
to rule out or correctly diagnose this syndrome [16].

Conclusion

In conclusion, fabella in the Macedonian
population was dominantly present in the tendon of the
lateral head of the gastrocnemius muscle. Based on the
presented information we highlighted the clinical
significance of this bone. The authors believe that this
article will add important contribution to the anatomical
and clinical knowledge of the fabellaand will refresh our
knowledgefor fabella
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Abstract

Study Design. A cross sectional study of magnetic resonance imaging changes (MRI) in symptomatic
individuals of different age.

Objective. To examine the prevalence of cervical spine MRI changes in symptomatic individuals and their
relationship with age and gender.

Background. Previous studies of MRI changes have used popul ation of asymptomatic individuals or patients
with neck pain. Thusthe influence of age and gender on the prevalence and pattern of the degenerative changes of the
cervical spineevaluated withinthe symptomatic population can provide general insight into the etiopathogenesis of
spinal degenerative pathologic process.

Methods. Cervical spine MRIswere obtained from 60 individualswith cervicobrachia syndrome between 25
and 65 years of age. MRI changes such as uncovertebral osteophytosis, disc degenerative changes and disc herniations
(protrusions, extrusions) were assessed by two radiol ogists. Degenerative disc changes and herniations were eval uated
and graded using the morphologic criteria accepted by the Nomenclature Committee of the North American Spine
Society. In each subject, five disc levels from C2-C3 to C6-C7 were investigated. The severity of degenerative disc
changes was calculated by the summation of the degenerative scoresfor each cervical level, Total Disc Degeneration
score (TDS). The extent of the disc degeneration was determined by the summation of degenerated disc levels, (NDD)
asaNumber of Degenerated Discs.

Results. Disc degenerative changes were evaluated in all symptomatic adults aged 40 years and older. The
severity of the disc degenerative process did not differ significantly between the adult symptomatic individuals of
different age, but the number of degenerated disc levels increased with aging. Disc herniations were not associated
with aging, but disc herniations evaluated at 3 or more levels were more frequent finding in individuals aged 45 and
older. Disc herniations, with evident compression of the spinal cord, were observed in 45% of subjects, mostly over 45
years of age. Uncovertebral osteophytosis was evaluated in 63% of the individuals, over 45 years of age.

Key words: magnetic resonance imaging, cervical disc degeneration, cervicobrachial syndrome

Introduction that abnormal MRI findingsin asymptomatic subjectsare

Disc degenerative processincludes any or all of
the following morphologic changes: real or apparent
desiccation, fibrosis, narrowing of the disk space,
extensive fissuring (ie, numerous annular tears) and
mucinous degeneration of the annulus, defects and
sclerosis of the endplates, osteophytes at the vertebral
apophyses. At magnetic resonance (MR) imaging,
degenerative disc changes are manifested by disk space
narrowing, T2-weighted signal intensity loss from the
intervertebral disk, presence of annular fissures,
calcifications within the intervertebral disk, vertebral
marrow signal changes and osteophytosis.

The term degenerative includes all previous
mentioned changes [1-3]. Previous studies of MRI
changes have used population of asymptomatic
individuals or symptomatic patients. Boden et al. consider

common findings, since it is difficult to distinguish
between aging discs and pathol ogically degenerated discs
which cause symptoms [4]. Disc abnormalities in
asymptomatic population have been reported in severa
studies [5, 6]. It is therefore important to know the
frequency of degenerative changes on MRI in an
asymptomatic and symptomatic population. Thus the
influence of age and gender on the prevalence and pattern
of the degenerative changes of the spine within the
symptomatic adult population can provide general insight
into the etiopathogenesis of pathologic spinal
degenerative process. In order to examine the prevalence
of cervical spine MRI changesin symptomaticindividuals
and their relationship with age and gender, we have made
a cross sectional study and investigated degenerative
cervical spine disorders on MRIs of symptomatic adult
individuals.
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Patientsand M ethods

A total of 60 patients (26 malesand 34 females),

aged 25 to 64 years (mean age 43.6), divided in two age
groups, 25 to 44 (36 patients) and 45 to 64 years (24
patients) old subjectswereinvestigated. All of the patients
had current symptomsrelated to the cervical spine, known
as cervico brachial syndrome within the last four weeks.
Subjects with major neurologic symptoms indicative for
cervical myelopathy (extremely reduced muscle strength,
arm muscle atrophy, abnormal reflexes, difficulty walking
and controlling bladder and/or bowel functions) or
previoushistory of disease or traumarelated to the cervical
spinewhich had needed medical carewere excluded from
the study. These criteriawere confirmed by aquestionnaire
before MRI. In the questionnaire more than three positive
answers were considered to be inclusion criteria for the
study. Neck pain was defined as a pain in the neck or
shoulders of more than two weeks duration, severe
enough to interfere with completion of activities of daily
living, not relieved with changes in body position,
radiating pain from the cervical spine to the upper limb,
restricted mobility, tensionin neck and shoulders muscles,
tension and swelling in the hands, sensory disturbances
(numbness or pareshesia), motor disturbances like
stiffness or clumsiness in the arms and hands.
Imaging. MR imaging examination was preformed with 1,5
T MR unit (SignaHDi ) with a spina surface coil. The
imaging protocol consisted of asagittal T1-weighted fast
spin-echo sequence (FSE) (repetition timemsec/echo time
msec, 800/14; section thickness, 4 mm; field of view,
360x360 mm; matrix, 448x 224), sagittd T2-weighted turbo
spin-echo sequence (3520/102; section thickness, 4 mm;
intersection gap, 10 mm; echo train length of 24), and a
transverse T2-weighted fast recovery fast spin-echo
(FRFSE) sequence at one or multiple levels (4660/120;
section thickness, 4 mm; intersection gap, 0.6 mm; echo
train length of 27; field of view, 200x200 mm; matrix 320 x
256). The obtained MR images were assessed in
consensus by two radiologists.

Before any of the MRI images were studied, a
grading system was developed to evaluate disc
degeneration. Using a well defined morphologic
nomenclature disc abnormalities were evaluated and
classified based on the morphologic criteria accepted by
the Nomenclature Committee of the North American Spine
Society [7]. Cervical intervertebral disc degeneration was
evaluated on the basis of signal intensity changes and
disc height. Disc degenerative changes were graded
employing 3 point graded system. Grade 1 represented a
slight decrease in signal intensity from the disc, grade 2
represented a generalized hypontense disc signal and
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grade 3 represented ageneralized hypontense disc signal
with narrowing of thedisc height, DDS (Disc Degeneration
Score). Two additional scoreswere developed toindicate
the severity of degenerative disc disease and the extent
of the degenerativedisease. TDS (Total Disc Degeneration
Score) was derived by summing the scores of 5 cervical
intervertebrd disclevels. A minimum TDS of Owould mean
that all 5 levels were not degenerated, and a maximum
TDS of 15 would mean that 5 levels were severely
degenerated (grade 3). TDS < 4 was considered asamild
degeneration, TDS ranging from 4 to 7 was considered
moderate, while TDS > 7 was considered as a severe
degeneration. The extent of the degenerative disc disease
wasrepresented by NDD (Number of Degenerated Discs),
which was determined as the number of levels with disc
degeneration scores (DDS) that were grade 2 or 3. Disc
herniatons were evaluated as disc protrusions, or
extrusions. Uncovertebral osteophytesthat exceed 2 mm
were also evaluated. We eval uated positive MRI findings
from C2-C3to C6-C7.

Statistical analysis. MannWhitney test was used
to study the relationship between the frequency of MRI
findings and subjects age and gender using the statistical
package, SPSS 13.0 (SPSS Inc,Chicago, lllinois).
Differences for ap value less than 0.05 were considered
significant.

Results

Positive MRI findingslike disc degeneration were
evaluated in most of the symptomatic individuals. Grade
2 or grade 3 disc degeneration was not found only in 17%
of young adults 25 to 34 years of age, while in adults 45
years and older disc degeneration was found at least at
one level in all examinees. The number of degenerated
discswasrising inindividualsover 45 years of age. There
were significant differences in spreading of the
degenerative process (Number of Degenerated Discs)
between individuals of different age (p=0.01) (Fig. 1). In
25% of the adults aged 45 years and ol der were observed
5 degenereted disc levels. There were no significant
differences in the severity of disc degenerative process
(Total Degenerative Score) between adults of different
age. Total disc degenerative score (TDS >7) asanindicator
of asevere disc degeneration was found in 47% of young
adultsand in 71% of adults aged 45 yearsand older (Fig.
2). Disc degenerative changes were seen most frequently
at C5/6 level. Of 185 degenerated disc levels, 53 (29%)
were at C5/6, while 47 (25%) were at C4/5 (Fig. 3). Disc
degenerative changes were distributed more
homogenously in the cervical spine in adults 45 years
and older. Therewas not asignificant difference between
males and females in the severity of the degenerative
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process (Total Degenerative Score), but this process
involved more intervertebral levels (Number of
Degenerated Discs) infemalesthan in males (p<0.04).

N_DD
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o 200
| 3.00
400
0O s.00

Number of subj. with deg. 1,2,3,4 and 5 levels

2534 3544
Age

Fig. 1. Number of subjectswith degenerated (1, 2, 3, 4, 5)
disc levels stratified by age

T.DS
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W severe deg

Number of subj with mild, moderateand severe disc deg.
stratified by age

Fig. 2. Number of subjectswith mild, moderate and severe
disc degeneration stratified by age
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Fig. 3. Number of degenerated disc levels stratified by
age

Disc herniations were seen in 63.3% of
individuals. Posterior disc protrusionswere most common
at C5/6 level, (in 38.7%) and at C4/5 level, (in 28%
individuals). The number of evaluated disc herniations
did not differ significantly between individuasof different
age (Fig. 4). Therewasasignificant increasein the number
of adults aged 45 yearsand over with herniated 2 or 3 disc
levels. Therewas no significant difference between males
and females in the number of evaluated disc herniations.
Posterior disc protrusion, with spinal cord compression
was found in 17 (45%) of 38 evaluated disc herniations,
most of them in adults over 40 years of age (Fig. 5). Disc
extrusions were observed only in 6 individuals.
Dorsomedial protrusions were the most common (67%)
types of protrusionson axial images. Posterior and anterior
disc protrusions were evaluated at the same level in 4
individuals. Uncovertebral osteophytosis was evaluated
in 63% of adults aged 45 years and ol der.

Disc herniations
O negative
W positive

Number of subj. with or without disc herniations

25-34 35-44 4554 55-64

Age

Fig. 4. Number of subjectswith or without disc herniations
stratified by age

Boden et al. reported major abnormalitieson MR
in 19% of 63 asymptomatic individuals, with disc
degeneration increasing with age, except for herniation of
the nucleus pul posus and disc bulging. Disc degeneration
is an aging phenomenon with increased prevalence with
aging. Although disc degenerative process affected all
individuals with symptoms aged 45 and older, there is
alsorelative high prevalence of disc degenerationinyoung
adults under 35 years of age. This would suggest that
factors other than age areinvolved in the etiopathogenesis
of disc degeneration, such as genetics, nutrition, trauma,
etc. [8-13]. In addition to the changes in the severity of
disc degenerative processwith aging, the number of levels
affected by the degenerative process increases with age.

29



Chabukovska R. MRI findings in adults with cervicobrachial syndrome

Fig. 5. Sagittal T1 (a) and T2-weighted (b) image and axia image (c) of a45-year-old man. Posterior disc protrusions
at C3/4 (with spinal cord flattening) and C5-6. Anterior disc protrusion with small spursat C4/5.

Discussion

Nevertheless, our findings suggest that aging changes
need to be taken into account in considering the clinical
importance of MRI findings. Aging asafactor play amajor
role in spreading the disc degenerative process in adult
symptomatic individuals than in progression of the
severety of the disc degeneration of the affected levels.
In this study a quantitative “Total Disc Degenerative
Score” was used to describe disc degeneration. Utilization
of this score provides an easy and reproducible
quantitative scorefor comparison. A score of 6 could mean
4 levels of grade 2 degeneration (moderate generalized
degeneration) or 1 level of grade 3 and 1 level of grade 3
degeneration (severe localized degeneration). These 2
patterns represent very different clinical conditions and
the latter ismore likely to be associated with symptoms.
Despite this limitation, we used this method of
semiquantitative assessment of disc degeneration in order
to investigate the influence of age on the severity and the
extent of the disc degenerative process.When only the
"Number of Degenerated Disc Levels* wasused wewere
able to demonstrate a significant influence of age on
increasing number of affected levelsproviding justification
for the use of this score. Thismethod of semiquantitative
assessment of disc degeneration has also been
successfully used by many authors to identify
predisposing genes for disc degeneration. Previous
genetic studies would support significant ethnic
differences in predisposing genes for disc degeneration
[14, 15]. Ethnic differences might al so result in differences
in degenerative disease clinical presentation.

The prevalence of disc herniations does not
increase with aging. Factors other than age are more likely
to beinvolved in the etiopathogenesi s of disc herniations,
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like trauma, occupation, physical activity, genes etc.
Aging is moreover associated with increasing number
of herniated disc levels. Posterior disc protrusions are
clinically important as a cause of radiculopathy and
myelopathy. We found that posterior protrusion
conjoined with compression of the spinal cord was a
frequent finding in symptomatic adults. A mild cord
compression does not necessarily cause major
neurologic symtoms like muscle weakness, abnormal
reflexes, difficulty walking and controlling bladder and/
or bowel functions, but long-term follow-up of these
symptomatic individuals ( with cervicobrachial
syndrome) may provide useful information about the
natural course of cervical myelopathy.

Key points

»  The severity of disc degenerative process did
not differ significantly between the adult
symptomatic individuals of different age, but
the number of degenerated disc levels
increased with aging.

» Disc herniations were not associated with
aging, but disc herniations evaluated at 2. 3 or
morelevelsweremorefrequent finding in adults
aged 45 and ol der.

*  Almost 50% of the evaluated disc herniations
in symptomatic individual swere conjoined with
an evident compression of the spinal cord.
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ANTHROPOMETRIC PARAMETERERS OF GROWTH IN CHILDREN AGED 5
ZdfirovaBiljana, LazarovaD, TrpkovskaB, MatveevaN, CadikovskaE
Institute of Anatomy, Medical faculty, Skopje, Macedonia

Abstract

Aim: Evaluation of sex-specific differences of anthropometric parameters that were used as indicators for
growth in children aged 5.

Examinees and methods: The study included 260 healthy children aged 5 from Macedonian nationality.
Fourteen anthropometric parameters were measured which define longitudinal, circular and transversal measures of
skeleton using standard equipment and measurement technique. The following indicators were cal cul ated: weight-for-
age (BW), height-for-age (BH), weight-for-height and BMI.

Results: Themajority of anthropometric parameters have shown significant sex-specific differencesin favour
of boys, with exception of leg length and circumferences of upper-arm, forearm, thigh and calf that were no significant
differences. Values of the 50th percentilein boyswere asfollows:21 kg for BW,114.5 cm for BH and 15.95 kg/nm? for

BMI. Thevaluesof these parametersin girlswere: 20 kg for BW,114 cmfor BH and 15.42 kg/m? for BMI.
Conclusions: These results can be used as criteria for the assessment of the morphological characteristics
and detection of deviationsin the growth and nutritional statusin children aged 5.
Kye words: anthropometry, growth, child population

Introduction

One of the most important characteristics of
childhood is the continuous process of growth and
development. Childhood is one of the most vulnerable
periods in human growth, during which there are unique
changesin the organism (1). On the other hand, nutrition
is also an important ecological phenomenon which
influences all phases of growth and development. That is
why we should constantly monitor and evaluate how
nutrition reflects on growth, since growth is particularly
sensitiveto nutritional deficit or surplus(2). Theincreased
presence of the risk factors which affect the occurrence
of non-infectious diseases such as obesity has imposed
the need for evaluation and monitoring of growth and
nutritional status (3). The anthropometric examinations
are non-invasive, simple and especially adapted for
children. They providethe opportunity to monitor achild’s
physical growth and its dynamics, as well as to point to
all the problems related to growth and nutritional status
in that period (4). Thisis al done by measuring certain
dimensionswhich definelongitudinal, transversal, circular
dimensionality of the skeleton, the mass and the volume
of the body.

Aim

Evaluation of sex-specific differences of the
anthropometric parameters used as growth indicators in
children at the age of 5.

Examineesand methods

The study included healthy children at the age
of 5, of both sexes, of Macedonian nationality and from
different urban areas of Macedonia, chosen randomly. The
total number of examinees (n=260) according to the sex
criterion was divided into two groups: (h=130 male and
n=130female).
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Anthropometry

14 anthropometric variables were chosen in accordance
with the aim of the study and they were measured
according to the International Biological Program (IBP).
For evaluation of the longitudinal dimensionality of the
skeleton wemeasured: body height, arm length, leg length;
for evaluation of the transversal dimensionality of the
skeleton: elbow diameter, wrist diameter, knee diameter,
ankle diameter; for evaluation of the mass and circular
dimensionality, i.e. body volume: body weight, chest
circumference, head circumference, mid upper arm,
forearm, thigh, calf circumferences. Thefollowing standard
anthropometric equipment was used: anthropometer by
Martin with 1 mm accuracy; caliper-square which can
detect values of 1mm, and elastic plasticized band which
also detects values of 1 mm.

Thefollowing anthropometricindexeswere cal culated and
derived: BMI (asasqguare of theratio between body weight
and height), weight-for-age (BW), height-for-age (BH) and
weight-for height.

Definition

To define the values of these anthropometric indicators,

most authors recommend the following percentile ranks

with cut off points: (4-8)

: Normal distribution (average values) mostly
corresponds tothe percentilerank from the
15" - 85" percentile.
Percentile rank from the 5™ to the 15" percentile
points to under average values
Valuesunder the 5" percentile point to underweight,
as well as to retarded growth, if we analyze the
parameter height-for-age.
Children who have values between the 85" and 95"
percentile for the indexes weight-for-age, height-
for-ageand BMI are defined asabove average, i.e.
children with above average growth who run the
risk of becoming overweight.
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Values over the 95" percentile point to the category
of children with extremely high growth, i.e.
overweight/obese children.

Satistics

The gathered information is analyzed with
descriptive statistics represented by: measures of central
tendency and its deviation (arithmetic mean value +
standard deviation) and ranges (percentiles). Testing the
significance of the differences between two arithmetic
series was done by analysis of variance -ANOVA, and
the differences with p < 0.05 level of significance were
taken as significant differences.

Results
The mean values and the standard deviations of
the examined anthropometric parametersin children at the

kg = 3.14 for weight, height 114.0cm + 4.43 and 15.72 kg/
m? = 2.57 for BMI. The results from the comparative
examinations of these parameters show sex-specific
differencesin favor of boys.

There were sex-specific differences detected in
thetransversal parametersi.e. inal diameters, alsoinfavor
of the boys. Whenit comesto thelongitudinal parameters,
there were sex-specific differences in arm length, but no
significant differencesin leg length, although there were
dlightly higher values detected in boys.

Table 2 shows mean values and standard
deviationsof circumferences (head, chest, mid upper arm,
forearm, thigh, calf circumferences).

Of the circular parameters, only head and chest
circumferences showed sex-specific differencesin favor
of boys. The average values of the other circular
parameters (forearm, thigh, calf circumferences

Tablel. Body weight, body height, BMI, lengths and diameters of the extremitiesin 5 year-old -children from R

Macedonia (mean and standard deviation).

Sex n Body Body BMI Lengths(cm) Diameters(cm)
weight height (kg/m?) Arm Leg Elbow  Wrist Knee  Ankle
(kg) (cm)
Male 130 21.89+3.58% 1155451 16.36+2.29° 49.76+3.21° 63.36:3.08 5.23+0.522 3.79:0.35° 7.49:0.60° 5.39+0.43"
Female 130 2051#3.14 114.0+443 1572+257 47.92+3.08 62.46+5.19 4.95+0.49 3.67+0.30 7.18+0.75 5.100.5

3p<0.05 vsfemalechildren (ANOVA)

Table 2. Circumferences5 year-old children from R. Macedonia (mean and standard deviation).

Sex n Circumferences (cm)

Head Chest Mid upper Forearm Thigh Calf
Male 130 50.65+1.21*% 5747+4.72  17.0%+218 15.4+1.63 32.26+3.74 22.952.43
Female 130 50.15+1.19 56.12+5.63 17.35:t2.29 15.08+1.86 31.98+4.10 22.59+2.93

3p<0.05 vsfemalechildren (ANOVA)

age of 5, as well as their sex-specific differences, are
presented in tables 1 and 2.

Table 1 showsthe mean values and the standard
deviations of weight, height, BMI, upper and lower limb
length aswell asthe diameters of the elbow, thewrist, the
knee and the ankle.

5-year-old male children have body masswith a
valueof 21.89 kg + 3.58, height 115.5 cm £ 4.51 and BMI
with avalue of 16.36 kg/m?£2.29. Girls at the same age
have the following valuesfor the same parameters: 20.51

circumference) were slightly higher in boys, but the sex-
specific difference was no significant. Only the average/
mean value of upper arm circumferenceof 17.35cm+ 2.29
in girls was dlightly higher than the value of 17.09 cm £
2.18found in boys, but the sex-specific differencefor this
parameter was also insignificant.

Sex-specific percentiles of the indexes weight-
for-age, height-for-age and BMI for 5-year-old children
areshownintable 3.
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Table 3. Sex-specific percentiles of the indexes: weight-for-age, height-for-age and Body Mass Index in 5 year-old-

children from R Macedonia

PERCENTILES
MALE 5 10 15 25 50 75 85 90 95
Weight-for-age 17.68 18 18.67 19.28 21 24 25.65 27 29
Height-for-age 108.03 110.08 111.01 11253 11545 118 119.76 12151 123.38
BMI 13.35 1393 1422 1492 1595 17.62 18.42 19.71 21.16
FEMALE
Weight-for-age 15.6 17 17 18 20 22 24.75 25 26
Height-for-age 107.05 109  109.6 11055 114 1175 11925 120 121
BMI 13.13 13.74 14.08 1447 1542 1694 17.66 18.08 19.14

Table4. Means (x), st.deviation (Sd) and Medians (Me)
for theindex weight-for-height for 5-year-old-children by
SEX.

Height (cm) Weight (kg)

X Sd Med
Male
103-109 1594  0.487 16
109.1-115 19.7 0.96 20
115.1-121 23.42 115 22
121.1-127 28.1 0.75 275
Female
103-109 15.9 0.64 15.8
109.1-115 19.12 0.72 19
115.1-121 231 1.37 22
121.1-127 26.1 1.32 25

The values on the 5" and 85" percentile in 5-
year-old boys were from 108.03 cm (5" percentile), and
119.76 cm on the 85" percentile for height-for-age, 17.68
and 25.65 kg for weight-for-age, 13.35 and 18.42 kg/m?for
BMI. The corresponding valuesfor girlswere: 107.05 and
119.25 cmfor height-for-age, 15.6 and 24.75 kg for weight-
for-age, and 13.13 and 17.66 kg/m? for BMI.

Table 4 shows the mean values, standard
deviation and median of the index weight-for-height,
which putsweight in relation with height.

Discussion

Our study included examination of several
anthropometric parameterswhich definethelongitudinal,
circular, transversal dimensionality of the skeleton, body
mass and volume, and which are used for evaluation of
the growth and the level of nutrition in children. Asa
result of that, we can conclude that the mean values of
amost dl examined parameters (with the exception of upper
arm circumference) are higher in boys. There were also
sex-specific differences of certain parametersin favor of
boys. The resultswere statistically no significant only in
termsof limb circumferenceand leg length. Percentileranks
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of the anthropometricindexesin 5-years-old children were
also derived and calculated.

The obtained values allow comparison of our
values with the corresponding anthropometric
examinationsof children from other areasand populations.

Longitudinal parametersare considered to be one
of the most stable indicators of physical growth.
Transversal parameters are good indicators of bone
maturity, circular parameters together with body weight
show the volume of the body, i.e. its mass. The body
mass and height as basic somatic characteristics are used
asindexesfor more accurateinterpretation of growth and
nutritional statusduring childhood. Theindex height-for-
age depicts the reached linear growth and the deviation
in its value which is detected with the bordering 5"
percentile. This is used in discovering children with
problemsin reaching the potential for linear growth as a
result of along-term, cumulatively impaired nutrition or
health (9). The values of the indexes body weight and
body height on the 50" percentilein our 5-year-old male
examineeswas 21 kg and 115.5cm, i.e. 20kgand 114 cm
for female examinees. These values are insignificantly
higher than the values of NCHS referent population (8).
Values over the 95" percentile detect children who run the
risk of endocrineillnesses, tumorswhich produce growth
hormones and other similar states. The children in our
study are insignificantly heavier and taller than children
in Belarus and India, and lighter and shorter than the
childreninArleneand Lindgren’sstudy (10-13). Theindex
of body mass, known asBMI, aswell astheindex weight-
for-age, isaparameter for monitoring thelevel of nutrition
during childhood. Thevaluesof BMI on the 50" percentile
in children from our country (MKD) are lower than the
ones published about 5-year-old children from Canada
(Can), Verona-Italy (1), Saragossa-Spain (E), Australia(A),
Germany (D), America(USA) and thereferentiall NCHS (8,
14-19).

From the cut-off points for BMI on the 85" and
95" percentile in male and female examinees and the
corresponding val ues obtained from Col €' srepresentative
international referential samplewhich identify individuals
with therisk of overweight and obese we can seethat the
cut-off points obtained from the examinations of our male
examineesaredightly higher than theinternational sample
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published by Cole. The values of BMI on the cut-off
points for our female examinees are similar to the ones
published by Coleet.a (20).

The differences between the children from this
study and the children from other studies and in relation
to the standard values, are another confirmation for the
existence of population differences in anthropometric
characteristics which depends on a series of internal
(genetic) and external exogenous factors (9). Theresults
of our studies confirm the recommendation of WHO that
every country needs to have its own anthropometric
standards which are necessary for precise classification
and detection of the deviation from the growth and the
nutritional statusin children of every age.

Conclusion

Based on the results of this study, we can derive
the following conclusions:

- 5-year-old boys of Macedonian nationality and
from an urban area have higher values of longitudinal,
transversal and circular parametersthan girls.

- Therewere statistically significant sex-specific
differencesin termsof weight, height, BMI, arm length, all
4 diameters and 2 circumferences (head and chest
circumference) infavor of boys. No statistically significant
sex-specific differenceswereregistered for therest of the
examined parameters (leg length and 4 circumferences:
mid upper arm, forearm, thigh, calf circumferences).

- There were sex-specific percentile ranks
determined from the 5 to the 95" percentile, i.e. cut-off
points for the anthropometric indexes in 5-year-old
children.

It isrecommended to use the obtained resultsin
everyday routine asanthropometric criteriafor evaluation
of the growth and the nutritional status. They can also
point to certain misbalances as criteria for selecting
individualsfor further clinical examinations. By defining
border values - cut-off points, we can identify children
who need intervention. Undoubtedly, thishasbig practical
importancein planning certain activities and measures of
precaution in thefield of child nutrition.
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FACIAL ANTHROPOMETRIC PARAMETERS IN FETAL BIOMETRY
TrpkovskaBiljana, NakevaN, ZafirovaB, ChadikovskaE
Institute of Anatomy, Medical faculty, Skopje, Macedonia

Abstract

Theaim of thisstudy isto show correlation between some anthropometrical parameters of fetal face and their
rolein early determination of fetal abnormalities.

The total number of fetuses (n=180) ex utero, according to gestational age was divided in three groups
Anthropological measurements were done using the methodology of the International Biological Programme with
standard technique of the measurements.

Some anthropometrical parameters were analyzed: body weight, body length, biparietal diameter, head
circumference, crown-rump length, fetal nasal bone lenght, fetal nasal spread, morphological facelenght, face spread.

Results showed that was not a difference between measurements, they are in correlation with gestational
age. These anthropometrical measurements are useful in identification of some fetal anomaly and fetal intrauterine
retardationinfetal growth, liketrisomy 21, Down syndrome e.t.c. In the future those parameters were measurementsin
routine practiceto determinethe fetal chromosome abnormality in early gestational agein first trimester of intrauterine
growth.

Key words: fetus, gestational age, anthropometrical parameters of the fetal face, biparietal diameter.

Introduction

The information about the research on some of
the characteristics of the intrauterine growth of the fetus
show that most studies on this topic agree that changes
in the fetal period are relatively slow and prolonged and
can be actively determined with quantitative methods.

During the last few years, some authors (1)
emphasi ze the measurements of the parameters of theface,
especially the width and height of the nose, parameters
dependent upon gestational age. There is a significant
correlation between the facial parameters and BPD, HC
and crown-rump length. Thisinformation can beuseful in
antenatal prediction of chromosome abnormalities (2).
VioraE, Masturzo B et a. confirm the samein their paper
by measuring the height of the fetal nasal bone. They
believe that we can diagnose prenatal abnormalities with
thelength of the bonesin the face during thefirst trimester
of the intrauterine growth of the fetus (3).

The indexes of the fetal growth by gestational
weeks, determined based on previously measured fetal
parameters, can most adequately be used for afetus that
develops normally or a fetus with growth retardation.
Determining face and nose indexes can prove them to be
independent from gestational age. With statistical data
processing, the correlation of facial anthropometric
parameters, gestational age and crown-rump length
provides standard values of the corresponding parameters
for each gestational week. Fetal biometry is afast, easy
and noninvasive applicative method which is used in
obstetrics.

Aim: Correlation among some facial
anthropometric parameters and their role in discovering
early fetal anomalies.

Materialsand methods

The material includes 180 fetuses measured ex
utero and divided into 3 age groups: first group (11-13
g.w.); second group (14-16 g.w.); and third group (17-19
g.w.). Fetuses that didn't have visible malformations
served as criterion.

The following anthropometric parameters were
measured: body weight, body height, crown-rump length,
biparietal diameter, head circumference, fetal nasal bone
lenght, fetal nasal bone spread, facelenght and face spread.
The measurements were conducted based on the
Methodology of the International Biological Program
(IBP), with standard equipment and measurement
techniques.

Measures of central tendency and variability,
SD, X, MED, MIN, MAX were used from the descriptive
statistics. The correlation between certain anthropometric
parameters was determined with regressive analysis and
correlating coefficients.

Results

Results show that measurements of the facial
anthropometric parameterswhich werein correlation with
crown-rump length and biparietal diameter, as basic
indicators of the physical growth and devel opment of the
fetus, are of great practical value because they tell us
whether the fetus develops normally for its gestational
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week or whether there are any deviations which lead to
abnormal development.

Based on the information we got, we can see
that the following anthropometric parameters showed
highest level of positive correlation with crown-rump
lengthin all of the examined groups: head circumference
(r=0.53); biparietal diameter (r=0.89); aswell asthefacial
anthropometric parameters: face spread (r=0.82); face
lenght (r=0.87); nose spread (r=0.68) ; nose lenght

(r=0.71); body weight (r=0.95); body length (r=0.99). Table
1

The values of descriptive statisticsin the tables
for the measured facial anthropometric parameters of the
total number of fetuses show that all given values are
dependent upon gestational age. The values of the
biparietal diameter inthefirst group are3.28+ 0.48, 3.73x
0.50inthe second group, and 3.98 £ 0.71 in the third group.
Thevalues of the other measured parametersaregivenin
Table2(a, b, c,).

Table1. Correlation of some anthropometrical parameterswith gestational age and crown-rump lengh (r)

gestational age crown-rump lenght
body weight 0.89 0.95
body lenght 0.90 0.99
head circumference 0.52 0.53
morfol face lenght 0.81 0.87
face spread 0.77 0.82
biparietal diameter 0.85 0.89
fetal nasal bone lenght 0.55 0.71
fetal nasal bone spread 0.53 0.68
Table 2. a. Values of some anthropometrical parameters
n=60 Body Body HC(cm) BPD(cm) Nasal bone Nasal bone Morfologface Face
(11-13g.w.) weight(gr) lenght(cm) lenght(cm)  spread (cm) lenght (cm) spread (cm)
X 12633 1783 1205 328 0.90 0.73 1.98 243
D 33842 199 140 048 0.26 0.17 0.39 040
MED 130 184 118 335 0.9 0.7 19 24
MIN % 141 97 15 0.3 0.4 12 16
MAX 210 2 15 41 17 12 2.8 32
Table 2. b. Values of some anthropometrical parameters
n=60 Body Body HC(cm) BPD(cm) Nasal bone Nasal bone Morfologface Face
(14-16 g.w.) weight(gr) lenght(cm) lenght(cm)  spread (cm) lenght (cm) spread (cm)
X 16175 1951 1472 373 1.03 0.91 2.29 277
D 5231 239 158 050 0.27 0.29 0.44 047
MED 1475 195 132 38 1 0.8 2.3 28
MIN 0 15 97 26 05 0.6 12 19
MAX 20 5 102 5 2 1.9 3.3 36
Table 2. c. Values of some anthropometrical parameters
n=60 Body Body HC(cm) BPD(cm) Nasal bone Nasa bone Morfologface Face
(17-19g.w.)  weight(gr) lenght(cm) lenght(cm)  spread (cm) lenght (cm) spread (cm)
X 22167 2149 1664 398 1.13 1.01 2.54 291
D 9%.16 291 21 071 0.31 0.51 0.43 055
MED 190 206 146 385 11 1 25 3
MIN 100 16.2 105 26 0.5 04 16 1
MAX 520 2 20 69 2.3 3.6 3.5 41
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Discussion

Considering thefact that there are differencesin
the factorsthat influence the weight and the length of the
fetus (such as the economic and socia composition of
the population, geographical factors etc), the growth
curve changesin different environments. Because of those
reasons, and recommended by WHO, other, more stable
parameters are introduced in the classification: length of
gestation, biparietal diameter, crown-rump length, head
circumference, limbs circumference (4). According to
Cicero S, BindraR, (5) measuring the length of the nasal
bone in the first trimester of intrauterine growth of the
fetus can also be auseful parameter for discovering early
chromosome abnormalities (11-14 gestational week). In
their studies they noticed that in normal chromosomal
groups of fetusesthereissignificant correlation between
the length of the nasal bone and the crown-rump length
as astandard for evaluation of gestational age. Absence
of the nasal bone or abnormal fetal karyotypes is often
connected with the occurrence of Trisomy 21 (6). Many
authors comparethelength of thefetal nasal bone (which
increases linearly with gestational age) with biparietal
diameter in evaluation of gestational age between 15" and
19t gestational week, especially in diagnosing fetal
abnormalities that are most common during the second
trimester (7-8). Examinations of facial parametersare good
indicatorsfor detecting some chromosomal abnormalities
like Trisomy 21, somerisk groups, hypoplasias, etc. The
values of the length of the nasal bone (Iength of the nose)
in our study were 1.08cm and they were 0.27cm higher
compared to the measurements in a study in Israel, and
0.9cm lower than the ones in Korean fetuses. During
development, the physical proportions of the fetus are
significantly different from those of an adult. Theheadis
relatively big and comprises 1/4 of body length, the face
issmall and round, and the limbsare short. Knowing these
proportionsisimportant for early detection of intrauterine
growth restriction whichisstill one of the major causes of
morbidity and mortality in many countries. Theseindexes
can point to proportional decrease in the values of
anthropometric parameters and, along with that, to
decrease in body weight inadequate for the gestational
age, aswell asto proportional decrease of thevalue of the
index. The big number of chromosomopaties,
osteochondroplasias, and hypoplasias is usually the
cause of the so-called disharmonic asymmetric growth.
Longitudinal dimensions are one of the most reliable
indicators of theintrauterine growth of thefetusthat show
whether the growth is adequate for the corresponding
gestational week (9). Every deviation from the linear
dimensions requires a larger observation in order to
respond to the type, level and etiology of the changed

growth. This anthropometrically diagnostic information
should further be used together with other clinical and
laboratorial data (10). The recommendations of WHO
opened up new phases when considering the use of other
fetal parameters that correlate highly with gestation and
crown-rump length, parameters whose use increases the
accuracy in the determination of the proper development
of the fetus.

Conclusion

Measuring fetuses can serve as an additional
method that can give us information about fetal growth
and the changes that can occur during fetal growth and
development. Body weight, body length, crown-rump
length, head circumference and gestational age ascertain
fetal parameterswhich areroutinely measured during the
entire intrauterine growth of the fetus are considered to
haveabigroleinevaluating fetal growth and devel opment
as well asin diagnosing early fetal abnormalities in the
first trimester of intrauterine growth. Measuring facia
parameters hasproved to besimpleandreliableand it can
be used as an additional method in determining
chromosomal abnormalities, hypoplasias, aneuploidy,
Trisomy 21 during thefirst trimester of intrauterine growth
of the fetus.
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Abstract

The vertical melanoma thickness according to Breslow, the anatomical level of the tumor skin invasion
according to Clark, mitotic activity in thetumor cells, the type and the phase of growth of thetumor, thelocalization, the
local inflammatory responseto the tumor cell and the presence of the tumor infiltrating lymphocytes aswell asthe age
and the sex of the patient are considered as factors which could influence the prognosis of the melanoma.

The aim of this study was to define the correlation between the predicting factors of malignant melanoma
(vertical melanomathickness according to Breslow, the presence of the ul ceration and the presence of tumor infiltrating
lymphocytes), and the presence of metastases in the sentinel nodes, and, to determine the predicting value of these
factorsin patients with malignant melanomaof the skin.

Thirty patients with malignant melanoma, who had undergone surgery at the University Clinic of Plastic and
Reconstructive Surgery in Skopje in the period from 2005 until 2009, were retrospectively evaluated. The following
parameters were analyzed: primary tumor thickness according to Breslow, presence of ulcerations, lymphocytic
infiltration and their relation with onset of metastases in the sentinel lymph node.

The results showed that there was a statistically significant correlation of the vertical thickness of the tumor
according to Breslow and the presence of the lymphocytic infiltration with the sentinel node positivity for metastasis.
Higher value of Breslow indicates higher possibility for metastasis in the sentinel nodes. A more intense tumor
lymphocyticinfiltrationisrelated to the lower possibility for metastasisin the sentinel nodes. The correlation between
the ul ceration of the melanomalesion and the positivity for metastasis of the sentinel node was statistically insignificant.

Key words: malignant melanoma, lymph node, metastasis

Introduction

The prognosis of malignant melanoma greatly
depends on its stage at the time of establishing the
diagnosis. There are a numerous studies anayzing the
clinical and pathological factors that could predict the
outcome of the disease in patients with malignant
melanoma (1, 2, 3, 4). The vertical melanoma thickness
according to Breslow, the anatomical level of the tumor
skin invasion according to Clark, mitotic activity in the
tumor cells, the type and the phase of growth of the tumor
(radial and vertical), thelocalization, thelocal inflammatory
response to the tumor cell and the presence of the tumor
infiltrating lymphocytes as well as the age and the sex of
the patient are considered as factors which could
influencethe prognosis of themelanoma (5, 6, 7, 8, 9, 10).

The most important, independent prognostic
factor, which has been statistically proved to predict the
prognosis in patients with malignant melanoma, is the
vertical melanoma thickness (11). The Breslow
classification can be used to determine the tumor
thickness. It categorizes the tumor tissue depth from 1 to
2mm, from 2 to 4 mm and morethan 4 mm.

The ulceration is determined according to the
macroscopic appearance of the lesion. It is proportional
to the enlargement of the tumor thickness, but statistical
analyses have shown that it is an independent predicting
factor of the patient survival (7, 8).

The presence of tumor infiltrating lymphocytes
(TIL) represents the body immune response to the
melanoma cells or some other tumor cells. The immune
response is most commonly measured by the intensity of
thelymphocyteinfiltration at the base of thevertical phase
of growth, and it is categorized as severe, milde and

negative. TIL population mostly consists of T
lymphocytes, and some other subpopulation such as
dendritic cells, macrophages, natural killer (NK) cellsand
B lymphocytes. The results of many studies have shown
that the presence of TIL isrelated to better prognosis (12,
13,14).

Theaim of thisstudy wasto definethe correlation
between the predicting factors of malignant melanoma
(vertical melanoma thickness according to Breslow, the
presence of the ulceration and the presence of tumor
infiltrating lymphocytes), and the presence of metastases
in the sentinel nodes, and, to determine the predicting
value of thesefactorsin patientswith malignant melanoma
of the skin.

Material and methods

Thirty patients with malignant melanoma, who
had undergone surgery at the University Clinic of Plastic
and Reconstructive Surgery in Skopjein the period from
2005 until 2009, wereretrospectively evaluated.

All patients, according to the established surgical
protocol, underwent radical excision of the primary
malignant melanoma lesion and biopsy of the sentinel
node. The operative material was sent to patohistological
analysis.

Theprimary lesions of malignant melanomawere
grouped according to the localization.

Thefollowing parameterswere anayzed: primary
tumor thickness according to Breslow, presence of
ulcerations, lymphocyticinfiltration and their relation with
onset of metastases in the sentinel lymph node.

The results were statistically analyzed using
multivariate tests, and the correlation between the
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examined factors (primary tumor thickness according to
Breslow, presence of ulcerations, lymphocyticinfiltration)
and the onset of metastases in the sentinel lymph node
was determined.

Results

The primary malignant melanomalesion wason
the upper extremity in 6 patients (20%), it was on the trunk
in 3 patients (10%) and on thelower extremity in 21 patients
(70%).

The examination of thelocalization of the tumor
lesion related to the type of the malignant melanoma
showed that al of the patients with melanomaon the upper
extremity (6 patients) and on the trunk (3 patients), had a
nodular type of malignant melanoma. The lesions on the
lower extremity were of nodular typein 16 patients, acral
type in 3 patients, amelanctic type in one patient and a
lesion with superficial spreading in one patient. Therefore,
24% of all nodular malignant melanomawerefound onthe
upper extremity, 12% on the trunk and 64% on the lower
extremity. All (100%) of the acral and amelanotic tumor
lesions, and lesionswith superficial spreading werelocated
onthelower extremity (Table1).

The results of this study showed that there was
a statistically significant correlation of the vertical
thickness of the tumor according to Breslow and the

presence of the lymphocytic infiltration with the sentinel
node positivity for metastasis. Higher value of Breslow
indicates higher possibility for metastasis in the sentinel
nodes. A more intense tumor lymphocytic infiltration is
related to the lower possibility for metastasisin the sentinel
nodes (Table 2).

The correlation between the ulceration of the
melanoma lesion and the positivity for metastasis of the
sentinel node was statistically insignificant.

Discussion

Primary skin melanoma can be classified
according to the TNM classification of American Joint
Committee on Cancer (AJCC). Thisclassification defines
the tumor, lymph nodes and metastasis (15).

The main factors that influence on T stage are
the thickness of the tumor tissue measured in mm
according to Breslow and the ulceration of thetumor. The
stage of the lymph nodes (N) is determined by the
spreading of the melanoma cells in the regiona lymph
nodes. Theidentification of thefirst drainage lymph node
(sentinel node) is performed using radioactive colloid. The
status of the sentinel node, confirmed by biopsy, is the
most significant independent clinical pathologic factor
which determinates the survival of the patients with
primary malignant melanoma(16, 17, 18, 19, 20, 21).

Table 1. Distribution of the tumor lesions according to the type of the malignant melanomaand itslocalization

Locdization Type of malignant melanoma

nodular acral amelanotic supp.spread Total
Upper extremity 6 (24.0%) 0(.0%) 0(.0%) 0(.0%) 6(20.0%)
Trunk 3 (12%) 0 (.0%) 0 (.0%) 0 (,0%) 3(10.0%)
Lower extremity 16 (64.0%) 3(100.0%) 1(100.0%) 1 (100.0%) 21(70.0%)
Total 25 (100.0%) 3(100.0%) 1(100.0%) 1 (100.0%) 30(100.0%)

Table 2. Correlation between the presence of ulceration, tumor thickness according to Breslow and lymphocytic
infiltration and the onset of metastasisin sentinel lymph node.

Sentinel lymph node

negative positive Total
Ulceration negative 9 (30.0%) 5(16.7 %) 14 (46.7%) p=.293
positive 9(30.0 %) 7 (23.3 %) 16 (53.3%)
Total 18 (60.0 %) 12 (40.0 %) 30(100.0%)
Breslow 1-2mm 9(30.0%) 1(3.3%) 10 (33.3%) p<.001
2-4mm 9(30.0%) 4 (13v4 %) 13 (43.4%)
>4 mm 0 (.0%) 7 (23v3 %) 7(23.3%)
Total 18(60. 0%) 12 (40.0 %) 30 (100.0%)
TIL TIL + 12 (40. 0%) 1(3.3%) 13(43.3%) p<.001
TIL +- 6 (20 v 0%) 5(16.7 %) 11(36.7%)
TIL - 0(.0%) 6 (20.0%) 6 (20. 0%)
Total 18 (60.0%) 12 (40.0%) 30 (100.0%)

*TIL + severelymphocyticinfiltration
TIL +- mildelymphocyticinfiltration

TIL —no lymphocyticinfiltration
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Today thewidely spread and generally accepted
isthe classification of the melanoma staging according to
the recommendations of the American Joint Committee of
Cancer and Union International Contrale Cancer, which
has being revised and updated in line with the latest
knowledge since 1988 (4, 11). Thus, the newest revised
edition is that from 2010. This classification is being
supplemented with classifications according to the
Breslow vertical melanoma thickness. Microstaging of
malignant melanomais determined by Breslow according
to thevertical melanomathicknessin millimeters: upto 1
mmor less, from 1.0to 2.0 mm, from 2.0t0 4.0 mmand from
4.0mmand larger.

The results of this study showed that there was
a statistically significant correlation of the vertical
thickness of the tumor according to Breslow with the
sentinel node positivity for metastasis. Higher value of
Breslow indicates higher possibility for metastasisin the
sentinel nodes.

According to the literature ulceration has a
statistically significant valuefor the prognosisand staging
of malignant melanoma (7, 8). Our finding was not in
agreement with theresultsin the other studies comprising
a larger number of subjects, which might be due to the
small number of patientsand to the fact that therewereno
patientsin the early stage of the diseasein relation to the
overall analysis of our material.

Tumor infiltrating lymphocytes have the main
role in the antitumor immune response of the host, by
increasing the cytotoxicity of T lymphocytes and by
inducing apoptosis of tumor cells.

T lymphocyte population is mainly consists of
different CD4+ helper and/or CD8+ cytotoxic T
lymphocyte (CTL) (22). Tumor infiltrating lymphocytes
have tumor specific characteristics. CD8+ T lymphocytes
recognize tumor antigens and tumor associated antigens
presented by molecules of MHC class |. After the
recognizing and activation, the cytotoxic T lymphocytes
directly kill thetumor cellsby releasinglitic granules, which
contain preforin and granines, into the target cells. Also,
they transmit Fas ligands in tumor cells, which are
mediators of signals of apoptosis. Cytotoxic T
lymphocytes secrete cytokines which destroy or help
destroying the target cells.

T helper lymphocytes are capable of recognizing
tumor antigens and tumor associated antigens of MHC
class I molecules. After their activation, CD4+ T helper
cellsrelease cytokines which participate in regul ation of
theimmune response (22, 23).

Another group of tumor infiltrating lymphocytes
isCD4+ and CD25+ lymphocytes, which have animportant
roleinimmunosuppression (22, 23).

Tumor infiltrating lymphocytes also produce
soluble cytokines, likeinterferon—&whichisessential for
the cell immuneresponse (23, 24, 25, 26).

The results of our study indicate that the
presence of more intense tumor lymphocytic infiltration
in the primary melanoma lesion is related to the smaller
possibility for metastasis in the regional lymph nodes.

Theknowledge of thetumor biology and therole
of the tumor infiltrating lymphocytes in the immune
response are particularly important for introducing new
modalities of immunotherapy in the therapy of malignant
melanoma
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Abstract

The aim of this study was to evaluate the effects of atopical fluoride varnish application on enamel around
orthodontic brackets bonded with a composite resin.

The study involved 60 premolars extracted for orthodontic reasons. The patients were evaluated during a 30-
day period and did not use any kind of fluoride supplement during the experimental period, except fluoridated toothpastes.
The adhesive used in this study for bonding brackets was Con Tec L C (Dentaurum, Germany). After bracket bonding,
the left premolars (test specimens) were kept dried by careful tooth isolation and the enamel received a single topical
application of afluoride varnish (Duraphat®, Germany) with the aid of abrush applicator. Theright premolarswere used
ascontrols(i.e., did not receive any varnish application) and brackets were fixed using identical procedures. After 30
days, teeth were extracted carefully to avoid accidental brackets removal and stored in artificial saliva (20 mmol/I
NaHCO,, 3 mmol/l NaH,PO, and 1 mmol/I CaCl,, neutral pH) until analysis. After that, the samples (20 premolars) were
prepared for scanning e ectron microscopy, SEM (JEOL JSM 5300). Determination of thefluoridein enamel (60 premolars)
was done by spectrophotometer.

Analysis of the level of fluoride in enamel before and after bonding the brackets with composite resin
(Dentaurum, Germany), and application of afluoride varnish clearly showed that after its application the content of
fluoridein enamel wassignificantly increased. Examination of enamel surfacesadjacent to orthodontic bracketsrevea ed
calciumfluoride-like material (CaF,) deposition asareaction product of topical fluoride varnish application. An adhered
thin layer of varnish was also seen in some teeth of the test group, which wasin close contact with the enamel around
the orthodontic brackets.

Fluoride varnish could indeed be considered an efficient preventive method to enhance enamel resistance
against the cariogenic challenges during orthodontic therapy. Thus, topical application of fluoride varnish on enamel
adjacent to orthodontic accessories, incorporated as aroutine clinical preventive procedure, is a simple measure of
great significance. It is strongly recommended for decreasing the risk of enamel demineralization during orthodontic
treatment.

Keywords: enamel, brackets, demineralization, fluoride varnish

Introduction

Poor oral hygiene has been considered to be one
of the main problems routinely faced in the orthodontic
treatment. Orthodontic appliance creates an environment
that provides mineral lossfrom the dental enamel [1]. Such
condition is clinically seen as white spot lesions and
cavitations in the most severe cases.

Very effective agents for local application,
providing ahighlevel of fluor inthe oral environment, are
fluoride varnishes. Fluoride varnishes are used in order
to help for fluorides to remain on the enamel surface as
long as possible, and to be incorporated in the enamel
crystal lattices as much as possible. The use of fluoride
varnishes before cementing of orthodontic bands with a
glass ionomer, suppresses the occurrence of the initia

cariouslesion - the white spot [2]. Materialsfor brackets
bonding and for cementing the bands are used in
orthodontic practice. Theinterface between the teeth and
bonding material isasensitivearea. The basisof adhesion
in orthodontic therapy with fixed devicesis contained in
the pre-treatment of the tooth enamel surface with acid,
thus creating the microcracks i.e. the retention surfaces
for subsequent application of a bond — an adhesive
materia [3].

Theapplication of fluoridevarnishisapreventive
protocol that does not require patient compliance and
permitsthe orthodontist to benefit from the bond strength
of composite resins [4, 5]. Prolonged contact time with
fluoride varnish permits significantly moreincorporation
of fluoride than other cooperation - based fluoride

45



Zabokova - Bilbilova E. Dental enamel around fixed orthodontic appliances after fluoride varnish application

applications, e.g. acid phosphate fluoride gel,
monofluoride phosphate dentifrices, homefluoriderinses
[6, 7]. Peterson et al. observed that a tri-monthly
application of fluoride varnish resulted in a dramatic
reduction in caries incidence and the application of a
fluoride varnish can be easily adapted to current
orthodontic bonding techniques [8].

The manufacturers of a new system of self
etching basic coat believe that an adequate bonding
strength can be achieved by way of bonding orthodontic
brackets to the wet tooth enamel surface [9]. Some of the
most extensively studied adhesives are glass - ionomer
cements (GJCs), with some well described advantages.
They are bonded directly to the tooth enamel surface,
without previous etching, with an interaction of
polyacrylate ions with hydroxyapatite calcium. Glass -
ionomer cements exert, in addition, acariostatic effect by
way of releasing the ions of fluor [10]. Using the glass-
ionomer cement as an adhesive for orthodontic brackets
bonding, Fricker has studied the process of
demineralization (white spots) occurring in the pre-
treatment period and process of remineralization as the
result of fluoride action from the adhesive material [11].
After the observation period of 12 months, the results
demonstrated a significant reduction of demineralized
enamel inthegroup of studied sampleswith glass-ionomer
cement after brackets debonding.

Scanning electron microscopic (SEM) study of
the fluoride retention in sound demineralized enamel
demonstrated that bacteriaaccumul ation around modified
orthodontic bands led to a marked and localized direct
etching of the tooth under the plague at the junction of
the tooth visible after only one week. Another study
showed that fluoride was more effective in inhibiting
demineralization of lesions, supporting the vitro
observation that low levels of fluoride in acidic buffer
solutions decrease considerably the solubility of the
mineral [12].

Theaim of this study wasto evaluate the effects
of atopical fluoride varnish application on enamel around
orthodontic brackets bonded with a composite resin.

Material and methods

The study involved 60 premolars extracted for
orthodontic reasons. The patients were evaluated during
a 30-day period and did not use any kind of fluoride
supplement during the experimental period, except
fluoridated toothpastes. Brackets were bonded with one
type of adhesive according to manufacturers' bonding
instructions. The adhesive used in this study for bonding
brackets was Con Tec LC (Dentaurum, Germany). After
bracket bonding, theleft premolars (test specimens) were
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kept dried by careful tooth isolation and the enamel
received asingletopical application of afluoride varnish
(Duraphat®, Germany) with the aid of a brush applicator.
The right premolars were used as controls (i.e., did not
receive any varnish application) and brackets were fixed
using identical procedures. After 30 days, teeth were
extracted carefully to avoid accidental bracket removal
and stored in artificial saliva (20 mmol/l NaHCO,, 3 mmol/
I NaH,PO, and 1 mmol/I CaCl,, neutral pH) until analysis.
Beforelaboratorial anaysis, teeth were rinsed with ethanol
for 60 s to remove organic substances and debris from
enamel without fluoride dissolution.

Determination of the fluoride in enamel (60
premolars) was done by spectrophotometer. First of all,
distillation was initiated, and then 50 ml of the distillate
was mixed with 10 ml SPADNS and acidic circonyl. The
absorbance was read on the spectrophotometer. The
results were calculated by the formula: F ppm= 50A/V,
where A is ppm of fluoride measured by the
spectrophotometer, and V ml of the sample.

After that, the samples (20 premolars) were
prepared for scanning electron microscopy, SEM (JEOL
JSM 5300), using thetechnique of sputtering in avacuum
evaporator. By SEM analysis we monitored
micromorphol ogic changesin the enamel structure onthe
places where brackets had been previously fixated.

Results

Table 1 showsthevalueof Finenamel inthefirst
group of teeth brackets bonded with Con Tec Duo
(Dentaurum, Germany), 30 days after topical application
of a fluoride varnish. The average value of F in the
examined group of teeth was 831,763 ppm, and 625,240
ppm in the control group of teeth. For this time period a
statistically significant difference was found between
values of F in the enamel in both examined groups of
teeth.

Tablel. Thevalueof Finenamel 30 days after topical
application of afluoride varnish

Group N  Mean SD t-value p
test 30 831,763 324,130

3,480  0,00065*
control 30 625240 167,149

Theinitial demineralization of enamel prismswas
observed in the control group (Figure 1a, b).

Examination of enamel surfaces adjacent to
orthodontic bracketsreved ed calcium fluoride-like material
(CaF,) deposition asareaction product of topical fluoride
varnish application. An adhered thin layer of fluoride
varnish was also seen in some teeth of the test group,
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a)

b)

Fig. 1. SEM micrographsof initial demineralization of enamel prisms(a- magnification x 500; b - magnification x1000)

a)

b)

Fig. 2. (a, b) - Deposits of CaF, on enamel adjacent to the orthodontic brackets

which was in close contact with the enamel around the
orthodontic brackets (Figure 2a, b).

Discussion

During treatment with fixed orthodontic
appliances certain problems may occur, such as: fractures
or even loss of enamel, which may be related to the
pretreatment of the enamel surface during prophylaxisand/
or during phosphoric acid etching; additional loss of
enamel during brackets debonding, removal of debrisfrom
the tooth and decalcification of the enamel around the
brackets, which is considered the most common problem
in patients undergoing orthodontic treatment with fixed
appliances[13].

Giventhefact that it isdifficult to secure patient
compliance in plague control and use of fluoride and due
to theinconvenient effects caused by the unsightly white
spots, researchers started to develop adhesives with the
addition of fluoride to prevent enamel demineralization
around the brackets[14]. These materialswereinvestigated
for their fluoride releasing efficacy, which has been
confirmed by severa studies[15, 16].

The mechanisms of action of fluorides have been
investigated for many years. In many ways, fluorides
represent anideal agent asapublic health measure against
dental caries (adisease of microbia etiology); since: a) it
stabilizes the tissues at risk (enamel and dentin), b) it
reduces the advantage of aciduric organisms within the
plague and c) it does not change the normal oral flora(as
would an antibiotic), but reduces the acidogenity of
cariogenic bacteria. There is also substantial evidence
that fluoridesinfluence metabolism of plague microbiota,
possibly their adhesion to the enamel surface, inhibition
of microbial enzyme system, reduction of growth rates of
bacteria and possible bactericidal effect [17]. One of the
factors that are also considered to be important is the
release of F - ions when CaF, is dissolved, producing an
antimicrobial effect [18, 19]. This study investigated
whether fluoride varnish application could improve the
local condition of dental enamel areaswith ahigh risk of
demineralization.

Nelson [20] suggested that the particle size of
CaF, depositsin the surface coating produced by topical
fluoride agent may be an important factor in determining
the effectiveness of topical fluoride agents. As the
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solubility of crystalsdecreasewith their increasing sizes,
CaF, particles occurring asaresult of APF application will
dissolve slower than those of NaF.

The results obtained in this study about on the
level of fluoride in enamel before and after bonding the
bracketswith compositeresin (Dentaurum, Germany), and
application of afluoride varnish clearly showed that after
its application the content of fluoride in enamel was
significantly increased. Thus, the amount of fluoride in
enamel beforefixing the bracketswas 614,230 ppm. After
30 days of fluoride varnish application the amount of
fluoridein ename was 844.044 ppm, whichwas stetistically
significantly higher than theinitial coverage of fluoridein
enamel. Our results confirmed that fluoride varnish
application is a simple and fast technique that could be
useful in preventing enamel demineralization associated
with orthodontic treatment.

Topical treatmentswith fluoridevarnishresultin
formation of calcium fluoride-like material onthe surface
of theteeth. Scanning el ectron microscopy (SEM) shows
it as small globules on the surface of fluoridated teeth.
According to Ogaard, calcium fluoride is the largest and
the most important reaction product formed on enamel
after topical application of any fluoride-containing material
[21]. Calcium fluoride has al so been considered afluoride
ions reservoir, which can be used for enamel protection
during higher cariogenic challengesin the oral cavity.

Conclusions

Fluoride varnish could indeed be considered as
an efficient preventive method which enhancesthe enamel
resistance against the cariogenic challenges during
orthodontic therapy.

Thus, topical application of fluoride varnish on
enamel adjacent to orthodontic accessories, incorporated
as a routine clinical preventive procedure, is a simple
measure of great significance. It isstrongly recommended
for decreasing therisk of enamel demineralization during
orthodontic treatment.
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Abstract

Deciduous teeth contrary to permanent ones have relatively short lifetime and functional duration; they are
formed in amuch shorter period of time, and are subordinated to an early physiological resorption of theroots, in order
to makefree spacefor lining of the permanent teeth. Dental pulp isauniquetissue, whichisresponsiblefor maintaining
of the tooth vitality. In order to examine the reparatory pulp ability of deciduous teeth we investigated histol ogical
changes of the nervefibersinthe pulp. Histological findingswere performed onalight microscopeand onaTransmission
Electron Microscope. Nervefibersin deciduous dental pul p showed some disturbances when physiological resorption
had been started.

Under light microscopy, nervefibers showed unclear pathological changes—they begain to loose the myelin
coat because of increased edema. Using TEM, non-myelin nerve fibers showed disorder in the homogeneousness of
the axoplasmal structure, less density of mucopolysaccharide matrix in some places, which suggested edematous
vacuolar changes and probably under its pressure an atrophy of the axons occurred gradually. The myelin nervefibers
showed deformations and division of the myelin coat; type lamellar osmiophillic bodies in shape of sphinx’s myelin
figures, with irregular thickness, developed from formation of vacuoles, filled with shapeless and low granulated
material. The Schwann’s cells were degenerated, with relatively preserved nucleus, contrary to the cytoplasm where
collagen fibers are inserted directly and the increased collagenisation became apparent endoneurally. The myelin
nervefibersareplased longitudinally, their diametersisenlarged; they hasinterlamellar fissures, and they atrophy with

resorption progress.

Key words: deciduous teeth, dental pulp, root resorption, ultrastructure.

Introduction

Deciduous teeth contrary to permanent ones
haverelatively short lifetimeand functional duration; they
are formed in a much shorter period of time, and are
subordinated to an early physiological resorption of the
roots, in order to make free space for lining of the
permanent teeth.

Dental pulp is a unique tissue, which is
responsible for maintaining of the tooth vitality. When
this tissue is damaged by disease, it reacts in an attempt
to defend by production of protective - tertiary dentine.
Thesurvival of thetissuein some pathological conditions
depends from its non-specific and specific defensive
mechanisms.

The pulp is aso a sensory organ. But, the
innervations of human primary teeth has received little
attention compared to similar research of permanent teeth,
because they are smaller and short - lived, and it was
thought that the pulps were similar. Another area which
lack of information involves changesin the neural tissue
of the deciduousteeth during the period of root resorption
[1]. Immunohistochemical investigation performed by Egan
et al. had shown that deciduous dentine was innervated,
similar to permanent [2]. The structure and relationships
of thenervefibersinthedenta pulp areof interest because
of their involvement in the genesis of thepain. Theapical
region was observed to have 72% unmyelinated nerves—
C fiber range 0.79 pm and conduit pain sensation and
postganglionic autonomic innervations. Only 28% were
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myelinated nervesin the A deltafiber range 3.36 um and
conduct pain sensation[3]. Nervefibresgive neurological
control of the dental pulp.

Aim: In order to examine the reparatory pulp
ability of deciduous teeth we investigated histological
changes of the nerve fibers in the pulp; that had
neurological control of the dental pulp, because the dental
pulpisnecessarily active member inthelife of tooth, when
i’ snot infected.

Methods

The pulps used for this research had originated
from intact teeth of healthy children, aged 5to 9 years (5
deciduous teeth without signs of physiological
resorption, and the second group — consisted of 5
deciduous teeth with progressive physiological
resorption). Immediately after the extraction (performed
due to orthodontic reasons, under local anesthesia), each
tooth was cut perpendicularly to itslong axiswith rotating
carborundum disc under a water jet. The halves were
separated with plastic instrument, and the tooth pul p was
excavated completely. Histological findings were
performed on alight microscope Orthoplan L eitz-Wetzlar
(haematoxyllin-eosin HE, toluidine blue TB) and on a
Transmission Electron Microscope (TEM) TeslaBS 500
(6OKV).



Georgiev Z. Nerve fibers in human deciduous dental pulp

Results

Theinnervations of deciduous dental pulp were
studied in human deciduousteeth using alight microscope
and TEM (Fig. 1, 2, 3).

Fig. 1. Nonmyelinated nerve fiberswith Schwann cells
(TEM, 8500x)

Fig. 2. Nonmyelinated nerve fiberswith Schwann cells
(TEM, 17000x)

Fig. 3. Nervefiberswith myelin coat (TB, 400 X)

Nerve fibers in deciduous dental pulp in the
second group - when the physiological resorption had
been started showed some disturbances.

Under light microscopy, the nervefibers showed
unclear pathological changes — they began to loose the
myelin coat dueto increased edema(Fig. 4, 5).

Fig. 4. Myelinated nervefibers (HE, 400x)

Fig. 5. Nervefiberswithmyelin coat (HE, 1000 x)

Using TEM, non-myelin nerve fibers showed
disorder in the homogeneousness of the axoplasmal
structure, less density of mucopolysaccharide matrix is
lessin some places, which suggested edematous-vacuolar
changes resulting in atrophy of the axons.

The myelin nerve fibers showed deformations
and division of the myelin covert; type lamellar
osmiophillic bodies in shape of sphinx’s myelin figures
(Fig. 6), withirregular thickness, developed from formation
of vacuoles, filled with shapeless and low granulated
material. The Schwann’s cells were degeneratied, with
relatively preserved nucleus (Fig. 7); contrary to the
cytoplasm where collagen fibers were inserted directly
and the increased collagenisation became apparent
endoneuraly. Themyelin fiberswere turned longitudinally,
while its diameter was enlarged and had interlamellar
fissures. Progress of resorption resulted in they atrophy.
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Fig. 6. Axonal degeneration, disturbancein the myelin
coat (TEM, 10000 x)

Discussion

Pashley et al. have demonstrated that numbers
and concentrations of nerves in dental pulp vary with
the stage of tooth development and also with location
[4]. Prior totooth eruption only avery few nerves appear
in the human pulp, with is contrary to the process after
eruption. In addition, the largest number of nerves is
found in the pulp horn, and about 40% of the dentin
tubulesareinnervated, despitein the cervical region with
only 1% innervations and an occasional in radicular
dentin. However, Egan et al. have show that despite the
similaritieswith the permanent dentition, deciduousdental
pulp has high density of dentinal innervations in the
cervical region[2].

Sympathetic nerves- unmyelinated are usually
found in contact with blood vessels and appropriately
function in vasoconstriction. The myelinated nerves
trunks appear in the pulp organ at about the time of the
clinical appear the oral cavity [5].

Our results were in agreement with Rapp et al.
confirming that root resorption degenerative changes,
such asthickening varicosities and fragmentation, appear
in the nerve [6]. The quantity of neural tissue in dental
pulp also decreases.

In our opinion, physiological resorption of the
root produces conseguences to deciduous dental pulp
similar to aging - with age, nerve and blood supply to the
pul p tend to decrease, and the pul p becomes morefibrous
andlesscellular [1, 7].

Conclusions

Physiological resorption of the root produces
consequences to deciduous dental pulp similar to aging
- with age, nerve and blood supply to the pulp tend to
decrease, and the pulp becomes more fibrous and less
cdlular.
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Fig. 7. Axona degeneration (vacuoles), lamellar
osmiophillic
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Abstract

Antigen-presenting cells are capable of participating in the stimulation of T cells by antigen presentation.
One of their essential characteristicsis to express MHC class |1 antigen in the lymphoid tissue. Antigen-presenting
cellsare essential for theinduction and expansion of theimmune reaction, because their interaction with antigenisthe

first step inimmuneinduction.

We have studied the distribution of class I1-expressing cellsin developing, normal, and carious human teeth
to clarify when human pulp acquires an immunol ogic defense potential and how this reactsto dental caries. Antigen-
expressing cellswereidentified immunohistochemically with monoclonal antibody to human HLA-DR.

In the pulp of unerupted devel oping teeth, HL A-DR-positive cells were distributed mainly in and around the
odontoblast layer. In erupted teeth, HLA-DR-positive cellswere located, for the most part just beneath the odontoblast
layer. Superficial and moderate caries lesions caused an aggregation of HLA-DR-positive cells in the dental pulp

corresponding to the lesion.
The results obtained have shown that:

1 Human teeth are already equipped with an immunological defense potential prior to eruption.
2 Intheinitia stageof cariesinfection, animmunoresponse mediated by class-11-expressing cellsisinitiated

in human dental pulp.

Key words: human dental pulp, developing tooth, dental caries, HLA-DR monoclonal antibody,

immunohi stochemistry

Introduction

Various types of immunocompetent cells are
known to be present in normal dental pulp[1, 2, 3, 4, 5].
Antigen-presenting cells are considered to play crucial
role in induction and expansion of the immune reaction,
because their interaction with antigen is the first step in
immuneinduction. One of their main characteristicsisto
expressMHC class|| antigen in thelymphoid tissue. They
can absorb and process complex antigens and present
themto T lymphocytes, afunction essential totheinitiation
of immuneresponses|[6].

Changes of the distribution of class|I-expressing
cells have been shown in rat incisors during tooth
development [7], as well as in molar pulp [8] and the
responses of class Il-expressing cells to experimentally
induced pulpitis [9] have also been reported.

Izumi [10] have shown that human dental pulp
contains two kinds of class || MHC antigen-expressing
cells: dendritic cellsand macrophages. Both dendritic cells
and macrophages are believed to participatein theimmune
defense system inthedental pulp. In general, the dendritic
cells have little or no phagocytotic activity, in contrast to
the macrophages, which possess a high phagocytotic
activity [11, 12].

In intact teeth, enamel and cementum protect
dentinal pulp from external stimuli transmitted through
dentinal tubules. In carious conditions, however, the pulp
tissue is subject to constant exposure. These differences
in environment might affect the distribution of class I1-
expressing cellsin dental pulp.

The aim of this study was to elucidate the
distribution of class Il-expressing cells in developing,
normal, and carious human teeth, to clarify when human
pulp acquires an immunol ogic defense potential and how
this reacts to dental caries.

Material and method

Four partially developed unerupted teeth were
surgically extracted, four erupted developing intact
premolars, and four premolars with closed apices were
extracted. Ten premolarswith various stages of decay were
obtained from patients presenting no clinical symptoms.
Teeth were obtained from patientswho needed orthodontic
therapy and who werefrom 11 to 18 yearsold.

Immediately after extraction, the teeth were cut
longitudinally; the pulp was extirpated and fixed in 10%
buffered paraformaldehyde, embedded in paraffin and
sliced into 4-5mm sections. After deparaffinization,
immunoperoxidase staining was done using monoclonal
antibodies. The commercially available primary antibody
wasanti-HL A-DR monoclonal antibody (CR3/43; DAKO
Co. Ltd, Denmark). The seDctions were further incubated
with pre-formed ABC (Elite ABC, VECTOR Laboratories,
and Burlingame, USA) for 30 min. at room temperature.
Finally the localization of peroxidase activity was made
visible by incubation of the sections with 3'.3’-
Diaminobezidin (DAB) in PBS buffer for five to seven
minutes and counterstained with hematoxylin. The depth
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of each caries|esion was determined by the pigmentation
on the sections.

Results

Unerupted developingteeth

During the stage of root formation, HLA-DR-
positive cells appeared in the coronal pulp. Distribution
of HLA-DR-positive cells was especialy dense in and
around the odontoblast layer. Only a few HLA-DR-
positive cells were scattered in the dental papila.

Fig. 1. Immunohistochemical localization of HLA-DR
positive cells in unerupted developing teeth

Erupted, intact teeth

Immunoperoxidase-labeled HLA-DR-positive
cells were located, for the most part just beneath the
odontoblast layer. In the connective tissue of the coronal
and radicular pulp they were distributed mainly around
blood vessels.

Fig. 2. Immunohistochemical localization of HLA-DR
positive cells in erupted, intact teeth

Carious teeth

In teeth where caries lesions extended from the
enamel into the dentin, an aggregation of HLA-DR-
positive cells was found in the subodontoblastic region.
No distributive changes were noted in other areas.
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Fig. 3. Immunohistochemical localization of HLA-DR
positive cellsin the pul p affected by initial caries

As the caries lesion advanced, the aggregated
cells expanded along the odontablast layer, and in the
most severely affected lesion, they advanced toward the
center of the pulp.

Fig. 4. Immunohistochemical localization of HLA-DR
positive cellsin the pul p affected by moderate caries

Discussion

The existence of two types of class Il antigen-
expressing cells (dendritic cells, characterized by poor
phagocytic activity, and macrophages) has been reported
inthedenta pulp of both rat and humanteeth[2, 3,5, 13].
Dendritic cellsare localized to the periphery of the pulp,
while macrophages tend to be more centrally located [2,
3.

The HLA-DR-positive cells observed
throughout the odontoblast layer are dendritic cells, and
their locationisideal for capturing antigensinvading the
dental tubules. Previous studies of Jontell [ 7] and Kosaka
[8] on rat dental pulp have shown that the majority of
class |1- expressing cells occur only after eruption,
suggesting that there is a post-eruptive increase due to
theinvasion of bacterial antigens. Contrary to thefindings
obtained in rats, numerous HLA-DR-positive cells were
found inthe pul ps of unerupted human teeth concentrated
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within the odontobl ast layer. Thus, the results of our study
indicate that human teeth are already equipped with an
immmunological defence potential beforethey erupt.

We also observed distributive changes in class
I1-expressing cellsin the pul ps of cariousteeth. Changes
wereevident in teeth with early caries and the aggregation
of HLA-DR-positive cellswas observed in the restricted
area corresponding to carieslesion, which suggested that
antigenic material s had already spread into the pul p tissue
through dentinal tubules. Similar lymphocyteinfiltration
was reported during enamel caries[14]. Therelationship
between these data on carious teeth has been
demonstrated by in vitro experiments [11], which show
that dendritic cellsin dental pul p have the capacity to co-
stimulate T-lymphocytes, animportant relationship during
the early stages of pulpal immunoresponse.

More advanced caries induced more expanded
aggregations of HLA-DR-positive cells along the
odontoblast layer and subodontoblastic area of the pulp.
This subodontoblastic zoneis composed of arich network
of nervefibers, capillariesand acollagen matrix. The exact
role of thiszoneremainsunknown, but the present findings
suggest its importance for accommodating
immunoresponsive cells. HLA-DR-positive cells were
observed along the dentin pulp border corresponding to
the carieslesion.

Conclusions

Our findings indicate that human teeth are
already equipped with animmunological defense potential
prior to eruption, even before they are submitted to
antigenic challenges in the mouth. The mode of
immunological reaction of the dental pulp seems to be
strongly influenced by hard tissue encasement. Class-11-
expressing cells are able to respond to trans dentinal
antigen provocation and the kinetics of these cells are
strongly influenced by changes in dentin permeability.
Upon antigenic challenge, these cellsmay interact locally
with T-lymphocytes and induce an immunological
response to mount defense and repair of the dentin pulp
complex.
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Abstract

The aim of the hearing amplification in a person with impaired hearing is to use the remaining auditory
potentials. One of the most important factors affecting the success of the auditory and speech perception in a person
with impaired hearing is the time and the quality of the amplification. The main purpose of the hearing aidsisto make
the sound signal available for the damaged ear, to transfer the sound information as accurately asit can, and to adjust
the transmission and the quality of the sound information to the receptive capacity of the ear to the highest degree.
The purpose of thispaper isto show thedifferencein the transmission of the sound signal with the hearing amplifications
and the cochlear implants, aswell astheir benefits. 31 patients were tested for the purpose of this paper, and their aural
condition was measured three times: without a hearing amplification, with a hearing amplification and finally with
cochlear implant. The obtai ned results show that the benefit of the cochlear implantsis much larger than the one of the

hearing amplifications.

Key words: hearing amplification, cochlear implant, sensorineural damage, speech

Introduction

Individual hearing aids, hearing or amplificatory
cochlear implant should provide social contact by
auditory pathway. There are various definitions of hearing
amplification.

1. Aid that provides an opportunity for persons
with hearing loss to hear better,

2. Under auditory prosthesis we mean a means
of aiding or restoring the function of hearing in people
with reduced hearing.

Inthegroup of individua hearing amplificationwe
have more models: cloven, amplification in the form of
glasses, canal, behind ears, vibrators, and most recently
asarevolutionary discovery cochlear implant.Inthe most
severe sensor neural damagethe primateishold by hearing
amplification behind earsand certainly cochlear implant.
Hearing amplification (behind ears) has a dozen models
with different output power (the strongest one for those
with the most severe damage with gein and up to 81 dB).
Today most are made in three sizes, and those with the
smallest enclosures are used for babies and children up
to three years.

Regardless of the size of enclosuresthe modern
technology allows incorporation of the most powerful
amplifiers and multichannel filters. This type of device
allows different possibilities of adjustment of the output
power in relation to the frequency range over which there
isno audiogram which is an issue of adjustment. (Figure
1.

Fig. 1. Hearing (behind ear) amplification
56

The basis for this is the system of conversion,
amplification and filtering the sound signal. Converting
the sound signal into amplificatory system is performed
twice: @) in the microphone, when the sound signa is
convertedinto electric and b) when the electrical signal is
converted back into sound by the speaker (headphones).
(Figure?2).

Fig. 2. System conversion, filtering and amplification of
the sound signal

1 - Sound signal, 2 - microphone, 3 - converted acoustic
signal into an electric, 4 - amplifier, 5 - filters, 6 -
amplifiedsound signal 7 - Speaker, 8 - amplified sound
signal.

A - Converter B - Amplifier C- Filter D —Converter

The cochlear implant is a custom hearing aid
of thelast generation. It’sdifferent fromthe other hearing
aidsbecauseit isbuilt in theinner ear. The appearance of
the cochlear implant is considered revolutionary interms
of solving problemswith hearing. It is recommended for
people who have no significant amplification of sound
through the individual hearing amplifier, and have little
benefit to people whose disability is over 90dB at 500,
1000, 2000 and 4000 Hz. Restrictions apply only tothe site
of damage, only in acochlear damage. The cochlear implant
hasinternal and external parts.
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Fig. 3.

The external part is composed of the

microphone (5, 6, 7), speech processor, which can beworn
behind the ear or neck (8, 9) and transmitter with athin
cord isattached to the microphone and speech processor.
External partsare placed threeto six weeks after recovery
from the surgical intervention, whenit will beready to be
activated.Activation is performed by using a software
program that is located inside the voice processor.
The internal part is consisted of a receiver (stimulator),
electrodes whose number varies by type of implant (10,
11). External andinternal partsarejoined by amagnet that
isembedded in the transmitter.

Material and method

The survey was conducted in 31 subjectswith
different gender and age. The diagnostic processis made
in the Clinic for Ear, Nose and Throat in Skopje and is
diagnosed with severe bilateral partial deafness and
deafness. In the program of this rehabilitation treatment
are involved the Institute for Rehabilitation of hearing,
speech and voice, in Skopje.Evaluation of hearing and
verbal perception among all respondents and
measurement of aural stimulus was conducted in three
stages, namely: without hearing amplifier, with hearing
amplifier and with installation of cochlear implant at the
same respondents. The results are shown graphically

Results

In Figure 4, the lower curve represents the
hearing status of all respondentswithout hearing amplifier
(CA). The upper curve represents the hearing condition
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Fig. 4. Right ear (lower curve without SA, upper curve
with CA)

of the same subjectsthat ismade with hearing amplification
device. Clearly we can easy recognize thelittle difference
where the level of hearing threshold is elevated
approximately 10dB. Thisincreased threshold still gives
us a sound image because of the absence of most of the
frequencies in the voice area (up to 1000 Hz - 100 dB).
This increase derived by application of the hearing
apparatus is not sufficient for successful speech therapy
treatment.

In Figure Swe can observe the hearing condition
of the same subjectsin theleft ear, the lower curve without
hearing amplifier and the upper curvewith hearing amplifier
also a small increase in the sound threshold around 10
dB.
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Fig. 5. Left ear (lower curvewithout SA, upper curvewith
CA).

Acoustic effect of these hearing aids is partia
and therefore these patients are subjected under operating
cochlear surgery (cochlear implantation). In Figure 6 is
shown the hearing condition of the same respondents
with a cochlear implantation. Clearly is showed that the
hearing threshold was significantly rai sed throughout the
speech frequency range. It suggests that people will be
ableto develop acoustic image of all votes of speech area,
or you can devel op speech without reading lips depending
only on the function, listening.
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Fig. 6. Thecochlear implant
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Table 1. Test for devel opment of aural perception (RSP)

Behavior without SA With SA With Kl p McNemar

Responseto soundsfrom the environment

No 29(93,5%) 14(45,2%) 6(19,3%) *0,0003

Yes 2(6,5%0) 17(54,8%) 25(80,7%) **(,00001

* % % 01043

I dentification of sounds from the environment

No 31(100%) 31(100%) 26(83,9%)

Yes / / 5(16,1%)

Response to the sound of drum / extracted

No 31(100%) 31(100%) 31(100%)

Yes / /

Response to a second musical instrument / extracted

No 7(22,6%) / /

Yes 24(774) 31(100%) 31(100%)

Response 10 voice [ extracted

No 23(79,3%) 19(76%) 4(16%) *0,47

Yes 6(20,7%) 6 (26%) 21(84%) **(,00006
***(),0003

Response to voice / spontaneous

No 31(100%) 31(100%) 3(10%)

Yes / / 27(90%)

Distinction between two musical instruments

No 31(100%) 31(100%) 1(3,6%)

Yes / / 27(96,4%)

Distinction betweenToud / quiet drum

No 31(100%) 31(100%) 7(25%)

Yes / / 21(75%)

Discrimination between single/ recurrent

No 31(100%) 31(100%) 31(100%)

Yes / / /

*p tested differences between groups with SA / without SA

** p tested differences between groups with without SA/ with Kl

*** p tested differences between groups with SA/ with Kl

From the performed test (Table 1) of the
respondentswithout SA, the SA and the cochlear implant,
in terms of their ability to react to sound and speech
sounds, to distinguish the two sounds (drum and whistle),
and the ability to distinguish sounds with different
strength and repetitive votes received as follows:

Discussion

The condition of hearing participantsis defined
as hearing damage from the most difficult stage: Dg
Surdomutitas. This practically means that a person with
such a hearing impairment is unable to record acoustic
sounds and sound signals and stimuli placed with the
largest, most intense volume. Some of these personsthere
is a possibility of a sound stimulus response below 200
Hz and intensity of 100 dB -ow frequency area. Thisgives
us the right to access audio prosthetic thus performs
application hearing amplification for the air control with
pronounced dynamics in the low frequency range. The
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negative side is that here is emphasized sound stimulus
only in the low frequency region, thus there is no sound
stimulus in the higher frequency region. It is not enough
to form acoustic picture of all votes, and thus unable to
develop verbal communication solely on function,
listening.

In such a state hearing people rely on speech
reading from the mouth. (Figure 4 and Figure 5)Acoustic
effect of these hearing aidsis partial and therefore patients
must care the fashion of undergoing in cochlear surgery
where cochlear implantation is performed. M easurements
of hearing after surgery (Figure 6) clearly show how the
sound stimulus is distributed throughout the frequency
hearing area.\VVoi ce rehabilitation treatment of thisbenefit
should necessarily lead to devel opment of acousticimage
of the votesfrom speaking areas, and further treatment to
the development of speech as a means of verbal
communication. It should be emphasized that by
implanting cochlear implant is by no means reduced the
need for intensive and long rehabilitation. The basic
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principles of rehabilitation process applicablein all other
cases also apply in this type of hearing aid.

From the performed test (Table 1) of the
respondentswithout SA, the SA and the cochlear implant,
in terms of their ability to react to sound and speech
sounds, to distinguish the two sounds (drum and whistle),
and the ability to distinguish sounds with different
strength, length and repetitive votes received as follows:

From 31 subjects, patientswith prelingual sensor
neural hearing impairment, only 2 (6.5%) reacted to sounds
from the environment, there were no respondents who
could identify the sounds from the environment and react
to sound drum, 24 (77%) of them had reaction from the
second musical instrument. There are no respondentswith
a positive test response for spontaneous voice, while 6
(20.7%) of them had positive test for the derived voice.
Thetest was negativein all subjectsin terms of ability to
distinguish the two musical instruments, to distinguish
loud and quiet and a single and repeatable.

After placing the hearing amplifier, more than half
of respondents, or 54.8% had a positive test response to
sounds from the environment. Also they had significantly
improved ability to respond to a second musical
instrument, thus all participants after placing the SA had
apositiveresponse to asecond musical instrument. After
cochlear implantation, participants responded
significantly better to sounds from the environment in
relation to the period when they did not have SA, but
insignificant in terms of ability they had with the SA.
Positive reaction to sounds from the environment only
had 25 (80.7%) respondents with KI. Cochlear implant
significantly improved the ability to identify soundsfrom
the environment (16.1%), ability to respond to
spontaneous (90%) and extracted voice (84%) and
distinction between two musical instruments (96.4%) and
between loud and quiet drum (75%).

Conclusion

Benefit of cochlear implantation in terms of
hearing amplifikatori in peoplewith severe senzoneuralno
damageisasfollows:

- Peoplewith cochlear implants have the opportunity
to hear and understand sounds from the surrounding
environment. People with hearing amplifierare not ableto
hear sounds from low frequency region.

- Listen to and understand speech without reading
lips. Personswith hearing amplifier can understand speech
only by reading the lips.

- Improvementof the speech capabilities is only
possible with cochlear implant. Persons with hearing
amplifier canimprove only with speech therapist toread a
speech from the mouth.

- Listening in noisy environment it isimpossiblefor
peoplewith hearing amplifier.

- Possibility of the implant patient to use the phone
(impossiblefor peoplewith hearing amplifier).

10.
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Abstract

Perinatal brain development is one of the most fascinating stages.Fetal brain cells are generated at about
250,000 per minute. Itismost likely that infantswill have all the neuronsthey are going to ever haveintheir life at the
time of birth..The next stage of neuron development is cell migration. In this stage neurons move from near the center
of the brain, which iswherethey are produced, to their appropriate locations. The process of cell migrationiscompleted
seven months after conception. The third stage of neuron development is concerned with cell elaboration. During this
stage axons and dendrites grow and form connections with other cells. Cell elaboration continuesfor many years after
birth .Another processthat begins prenatally and continues after birth, is myelination. Thisisaprocessinwhich nerve
cellsare covered and insulated with alayer of fat cells. Myelination increases the speed of information which travels
through the nervous system.The nervous system starts to form as a hollow tube on the embryo back. The brain forms
into a large mass of neurons and loses the tubular appearance. Three major divisions in the brain form. These
are:hindbrain - located at the lowest portion of the brain; controls motor development midbrain - located between the
hind and forebrain; relaying information to eyesand ears; forebrain —alarge part of the brain; it playsthe most critical
rolein the process of thinking and speaking. Most neurons are produced between 10 and 26 weeks after conception.
S100B and S100A6 (calcylin) are two members of the S100 Ca?*-binding protein family and have been localized in the
mammalian nervous system. From week 15 onwards, an increase with advancing gestation at age in both the number
and staining intensity of S100B positive, astrocyte-like cellsarefound in the pyramidal layer of the hippocampus, while
both the molecular and polymorphic layers show similar S100B immunoreactivitiesat all stagesexamined. A decrease
in the immunoreactivitiesis found in the molecular layer of the aged adult hippocampus while other layers exhibited
immunoreactivities similar to those of the late fetus. At week 15, the molecular, pyramidal and ganglionic/multiform
layersof theentorhinal cortex al so showed positive S100B immunoreactivities which were maintained throughout the
rest of the gestation and in adult specimens. In the occipital cortex, the numbers of positive cellsfor al layers were
about twofold higher than those found in the hippocampus and entorhinal cortex, and immunoreactivities detected in
thegranular layer increased from week 21, reaching aplateau at around week 27. S100B positivefiberswereal so found
week 30 but were not observed in aged adult specimens.The differential spatio-temporal expression of S100B and
S100A6 proteins suggests that the proteins play different rolesin different brain regions during development and in
adulthood.

Key words: brain development, S100Bprotein, braininjury,

Prenatal Development

Characteristics of brain development.The first
signs of pregnancy are subtle. While awomen wonders
what’s happening, the devel oping fetus is about a month
old, and the basic components of its brain have aready
been formed. Teloncephalon

Midbrain Hindbraln

Auditory vesicle

Diencephalan

4 weeks
Fetal crowndmamp
lengih: 167100 ingh

Many people do not realize just how early a Optic vesicle
child’s brain begins to develop—and how long it
continuesto mature after birth. The process starts between
the second and third week of fetal development, and it
continueswell into early adulthood ( fig.1). Noother organ  Fig. 1
in the human body takes so long to develop as the brain
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does or goes through as many changes[1]. This unique
growth process explains the brain’s complexity and
amazing activities, aswell asitsvulnerability toinjury.

Nature of the human brain.The debate in brain
development is not one of nature versus nurture, but of
how these factorsinteract and whichismoreimportant in
the development of particular traits, behaviors, and
disorders. Brainismalleable becauseit devel ops partly as
a result of the preprogrammed instructions encoded in
genes, and partly as a result of exposure to the outside
environment. Genes govern the type of brain cell
produced, its location and function, and what type of
neurotransmitters it will respond to. But whether a
particular neuron will develop further and realizeitsfull
potential, or go unused and wither away, depends on
external stimulation—everything from sight to sound to
stress.

In the beginning the developing child follows a
standard and predictable course of development. But while
a baby’s nine-month gestation includes many clearly
defined stages, at the cellular level these processes tend
to overlap. Some are repeated several times. This
development is guided by the genes built into every cell
of the embryo. It is by following those genes’ complex
instructions that the human brain is able to develop from
agroup of primordial cellsinto one of the most powerful
organsin the universe[1, 2].

Building Blocks of the Brain.The changes the
devel oping embryo undergoes are enormous. At birth the
child’sbrainwill consist of 100 billion neurons, organized
into groups that perform such particular functions as
interpreting sounds, storing memories, and learning new
skills. Yet thiscomplex organ, like every other part of the
human body, must grow from asinglefertilized egg. The
brain develops at a phenomenal rate in the nine months
from conception to delivery. At the height of this process,
aquarter of amillion new brain cellsare born every minute.
In the first week, the fertilized egg goes through a series
of divisions, giving birth to a hundred or so progenitor
cells, al exactly alike. Thecellsareclustered inasmall ball
known as a blastocyst. During the second week, the
original generation of cells give birth to others, which
begin to differentiate, or take on unique characteristics
that distinguish them from their cousins and forebears.
Asthecellsdifferentiate, the devel oping embryo evolves
from asmall round cluster of cellsinto an elongated disk
that consists of three layers of tissue. The upper layer of
thedisk, or ectoderm, will eventually giveriseto the outer
covering of a person (skin, fingernails, and hair) and—
with help from the middlelayer, or mesoderm—tothebrain

and central nervous system. The bottom layer, or
endoderm, givesriseto internal organs, such asthe lungs
and stomach[1,2,3].Brain development begins with a
process known asinduction, which takes placein thethird
week of embryonic growth. Cells multiply rapidly along
the lines of the ectoderm so that a structure called the
neural plate forms. This process is not completely
understood, but it seemsto be sparked by contact between
the ectoderm and mesoderm (fig.2). Chemical factors
produced in the mesoderm create a reaction in the
neighboring ectoderm, pushing some cells along the
developmental pathway that leads to skin and hair, and
others on a different developmental pathway that leads
to brain and spinal cord.
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Fig. 2. At about the third or fourth week after conception,
the neural tube begins to form and to show bulges that
will become parts of the brain and spinal cord. (image
credit: Kathryn Born)

By the fourth week, part of the neural plate has
folded in on itself to form a neural tube. At this point,
primitive brain cells called neuroepithelial cells begin to
dividerapidly, or proliferate. At first thewall of the neural
tube is composed of only asingle layer of such cells. Yet
thisinitial layer grows, forming additional layers. Cells
proliferate at a furious pace, in part because the
neuroepithelial cells begin to divide into three new cells
rather than two. Three bulges emerge from the top of the
neural tube, eventually giving rise to the forebrain,
midbrain, and hindbrain. The rest of the neural plate
becomes the neural crest, which will become the spinal
cord. As cells proliferate in the three primitive brain
structures, the brain beginsto grow and fluid-filled spaces
known as ventriclesform in the middle [3, 4, 5]. Even at
this early stage, primitive brain cells are organized into
distinct groupings known as neuromeres, visible as tiny
grooves on the ventricles. Although the neuromeres
disappear in another two weeks, they are precursors of
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the large-scale differences between parts of the brain .
Development of the fetal brain: The presented five
drawings chart the development of the fetal brain. They
are not to scale—at 4 weeks, the fetal brain is not much
bigger than agrain of salt; at 7 weeks, it measures barely
a quarter inch. As the brain grows, it begins to develop
the characteristic folds as it expands to fill the cranium.
(imagescredit: Kathryn Born)

Fig. 3.

Milestones in development. Scientists have
studied prenatal brain growth in two main ways. By
examining fetuses that did not survive until birth, they
learned about the anatomical changes that take place at
different stages of human development. Researchershave
also conducted experiments in animals, particularly in
monkeys (whose brains most resemble those of people),
to learn more about normal development and what can
disrupt it (fig.3). Today it isalso possibleto useimaging
technology, while a child is still afetus in the womb, to
examine the developing brain. With these methods, we
have a good picture of how afetus normally develops. It
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takes about 38 weeks for a single fertilized egg to grow

into a baby. Pinpointing the exact date of conception is

often difficult, however, so pregnancy is most often said

tolast for 40 weeks[6,7].

MONTH 1

Brain: A preliminary structure known as the neural tube

forms. Part of this eventually becomes the spinal cord,

and the other part the brain.

Other milestones: All major organs are forming by the

third week of development, and the heart begins to beat.
MONTH 2

Brain: The major structures of the brain begin to form,

including the cerebral cortex. As the brain grows, the

embryo’s head begins to look more human.

Other milestones: All major organs have now devel oped.

The eyes, ears, nose, and mouth begin to take shape.
MONTH3

Brain: The brain continues to grow new cells and make

connections between those already in place. The fetus

develops physical reflexes.

Other milestones: The eyes are in place, and eyelids are
beginning to form. The fetus cannot control its
movements, but it can react to stimuli by movingitsarms

and kicking.

MONTH 4

Brain: Partsof the brain beginto receive signalsfromthe

developing ears and eyes. The fetus can detect bright
lights and hear soundslike its mother’svoice, although it

will not yet know how to interpret them. Asfacial muscles

develop along with the brain, the fetus can squint and

frown.

Other milestones: Thelungs begin to function, although

the fetus still receives its oxygen through the placenta.

Taste buds form on the tongue. Eyebrows and eyelashes

grow.

MONTH5

Brain: As the brain makes more and more connections,

the fetus begins to control its movements, turning and

stretching, perhaps even somersaulting. The fetus also
begins to react to sounds outside the mother, such as
music.

Other milestones: The sex organs become visible on an
ultrasound. The beginning of animmune system emerges.
MONTH 6
Brain: The cerebral cortex isnow thelargest part of the
brain and has started to separate into lobes. As this part
of the brain develops, a primitive type of memory and
conscious behavior emerge. You may notice the fetus
reacts more to some noises and music than others. Some
expertsbelieve thefetuswill remember music and voices
“heard” at this stage and unconsciously react with
comfort to them after birth.
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Other milestones: The facial features are so developed
that the fetuslooksalmost likeanewborn. All musclesare
in place, and the bones begin to harden.

MONTH 7

Brain: The once-smooth fetal brain has begun to form
the grooves and indentations typical of a more mature
brain. An electroencephalogram (EEG) can detect fetal
brain waves. Myelin begins to form a protective sheath
around nervesfromthebrain, likeinsulation keeping wires
from crossing; this sheath enhances communication
among nervecells.

Other milestones: The fetus gainsweight asit builds up
fat stores that will later help to maintain temperature.
Eyelids open, the fetus begins to “ see” inside the womb.
It may swallow or suck itsthumb.

MONTH8

Brain: Theauditory cortex, thevisual cortex, and Broca's
areahave begun to function. Thefetusisthus developing
a primitive ability to interpret sights and sounds and
distinguish language.

Other milestones: All organs except the lungs have now
matured. Asthe eyes devel op further, the fetus can begin
to focus. The fetus has grown so large that it can no
longer easily move about.

MONTH9

Brain: Thebrain continuesto grow, and by thistime most
of the neuronsyour child will ever have arein place. Just
before birth, the brainisonefourth the size and weight of
an adult brain.

Other milestones: The fetus gets into position for birth,
usually with its head facing downward toward the mother’s
cervix. Thelungs mature. The immune system continues
to develop.

Growing by Leaps and Bounds.During this
second month of fetal development, the brain grows by
leaps and bounds. Construction begins on all its major
components. What happens in this month will lay the
foundation for the child’s ability to see, hear, speak.

During the second and third months of fetal
development, the growing brain beginsto take shape. The
hindbrain givesriseto the medullaoblongataand the pons
(part of the brain stem), which are involved in many
functionsessential tolife, such asbreathing and heartbeat.
The cerebellum, the part of the brain involved in
mai ntai ning balance and coordinating movement, emerges
partly from the hindbrain and partly from the midbrain.
But it istheforebrain that undergoesthe most complicated
changes. Theforebrain dividesinto two distinct structures:
the diencephalon and telencephalon [8,9,10]. The
diencephalon develops into the thalamus and
hypothalamus, which will affect everything from emotions
to sensory perception. The telencephalon gives rise to
several parts. First come the hippocampus, which
eventually will beinvolvedin short-term memory, and other

structuresinvolved in the olfactory pathways, which will
enabl e the human being to smell. Next, the telencephalon
producesthe basal ganglia, which will eventually contain
structures that control movement, sensory information,
and sometypesof learning. Theamygdalawill eventually
help the brain attach emotional significance to signalsit
relays elsewhere.The last structure to evolve out of the
telencephalon is the cerebral cortex, one of the most
complex parts of the brain and the site of what are
considered “higher functions’: learning, language, and
abstract thought. The cerebral cortex begins to develop
inthe eighth week of embryonic growth but will continue
to form during much of the prenatal period. The
connections between neurons in the cerebral cortex
continueto matureinto early adulthood, and some experts
say they never stop maturing.This tremendous growth is
possible because the neurons are still proliferating [11].
Although cells have been dividing since the moment of
conception, this activity builds to a fevered pace about
day 40 (or in the sixth week) of embryonic development.
This process, known as neurogenesis, continues until day
125 (around the seventeenth week). Even then, it does
not completely stop but only slows down.In these early
months of prenatal development, cells not only
proliferate—they begin to take on particular identities.
This process starts when some of the cells in the
ventricular zone stop dividing and begin to do a
microscopic dance. Precursor cellsdivide ontheinnermost
surface of the neural tube, which borders the ventricles,
then move to the outermost surface to synthesize DNA,
the blueprint of life. Then the precursor cellsreturnto the
ventricular surfaceto divide again. The cellsrepeat these
steps a set number of times, depending on their types.
According to this model, columns of cells form on the
surface of the ventricleswith genetic instructions on how
many particular cells the brain needs, where they will
eventually belocated, and what they will do. Theresultis
both a prototype of the brain and a map of it—hence the
term protomap. Some neuroscientists have challenged this
theory as too simplistic, but it offers a helpful way to
picture how the parts of the brain develop.The primordial
cellsin the neural tube eventually become either neurons
or long, thinglia cells[12].Theneuronsarethebrain cells
that do the actual work of thinking and controlling
movement. The glial cells have been compared to
scaffolding that helps guide the building of the brain,
especially the cerebellum. These glial cells sprout from
theventricular zone, extending upward to the outer surface
of the developing brain. Neurons begin to migrate in
different directions, depending on their preprogrammed
roles.Guiding all thismovement are genes, which we can
compare to blueprints. Each contains instructions for
creating a protein, which in turn might induce cells to
divide or perform particular functions. Early embryonic
cells divide and give rise to progenitor cells, which then
give birth over several generations of divisions to more
specialized cells. No one gene contains a master plan.
Rather, one set of genes controls the initial phase of
development, other genes then kick in and take it to the
next level, and so on. At the end of the third month, the
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fetusisstill very small—about 3.5inches (9 cm) from head
to rump, and weighing only (48 g) [13,14].

Moving, Thinking, Being

The Cerebral Cortex.The middle part of
pregnancy isasignificant timeinfetal development, when
the brain evolves from a primitive structure into a much
more complex form. Cells continue to proliferate and
differentiate during this phase, but they do much more
besides. They have begun to travel (migration), form
communities (aggregation), and make connections that
facilitate the communication necessary to brain function
(synaptic formation). All of this lays the foundation for
what makes us human: movement, learning, conscious
thought, and memory. Although all of brain development
involves some combination of cell growth, migration,
aggregation, and synaptic formation, this processis most
dramaticinthe cerebral cortex [14, 15]. Thisisthelargest
part of the human brain and the site of the so-called higher
functions. The cerebral cortex buildsitself fromtheinside
out, with the neurons of the deeper layers being made
before those of the outer layers. But al the neurons are
born deep insidethe brain, in the ventricles, so some must
travel to the outermost reaches of the organ. At about the
eighth week of embryonic development, primitive brain
cellsbeginto migrate outward from the innermost part of
the brain and start to build the first layer of the cerebral
cortex. Succeeding groups of cellsfollow, slowly building
all six layers of the cortex, a process that continues for
most of gestation. Meanwhile, neurons continue to
proliferate, creating new cells. The peak growth occursin
the fourth and fifth months of pregnancy, when the cortex
(also known asthe brain’s gray matter) grows much more
rapidly than the supporting structures underneath (known
aswhite matter) [15, 16]. By the timethe cortical growth
spurt ends, in the sixth or seventh month of development,
70 percent of thebrain’sneuronsarelocated in the cerebral
cortex. At thesametime, thefetal skull hasbegunto harden
as cartilage turns to bone throughout the body. Both the
rapid growth and the hardening skull help explain why
the cortex acquires its characteristic folds, but that
wrinkling isfar fromrandom (fig.4). Thefully developed
cortex has peaks and valleysthat are generally the same
from one person to the next, pointing to some underlying
genetic blueprint. Even so, therearemany small differences
between individual brains, even the brains of identical
twins, who share the same genes. The exact contours of
the cortex are thus a product of both nature and nurture.

Cells Settle In and Sart to Talk.Cells that have
recently arrived at their proper destination seek out similar
cellsand begin to form their own versions of communities,
so called aggregation. The cells recognize each other by
their distinct biochemical properties and receptors. Cell
adhesion molecules, sometimes called sticky molecules,
help the cells bind.

Once settled, a neuron sprouts an axon for
sending signals to other brain cells, and numerous
dendrites for receiving signals from others. In forming
connections, neurons do not simply reach out randomly
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Fig. 4. Neuron climbing aglial cell: During development,
neuronsfollow specific cuesand migrate along glial cells
(the support cells that act as the “road” on which the
neuronstravel) to their designated locationsin the brain,
spinal cord, and nervous system. Scientists say this
journey, for some neurons, islikewalking from New York
to California. (image credit: Kathryn Born)

to the closest cells. They seem to be programmed to seek
out specific targets. In some parts of the brain, such as
the cerebral cortex, the cellseven align themselvesin the
same way, axons pointing down and dendrites pointing
up.The axons that send signals and the dendrites that
receive them communicate for this purpose at specialized
contact zones, where the sending axon physically connects
to the dendrite. These specialized contact zones are
called synapses. Although there is a thin gap between
the axon and the dendrite at such connections, the
chemical signals (neurotransmitters) from the axon can
diffuserapidly acrossit to deliver the signal to the dendrite.
Asthe signal spreads from the cell body of the sending
neuron, a wave of activity flows down the axon, caused
by the movement of sodium ions from outside the cell
into the axon. As the wave of activity reaches the nerve
terminal at the synaptic contact point, calcium ions also
enter the axon and trigger the release of the
neurotransmitter. The neurotransmitters bond with
receptors on the target cell, prompting a new electrical
signal to surge through that neuron. In thisfashion, brain
cellscan send many different messagesto each other with
varying degrees of urgency.Although most neurons
connect to a limited number of other brain cells, some
send signals to as many as 10,000. This web of
communication helps explain the brain’s vast computing
power. Scientists are still trying to explain how so many
connections are made, and so precisely, in the developing
brain. In some cases, the distance an axon travels before
reaching its target is astounding, as much as a thousand
timesthe diameter of the cell itself. At other times, axons
must twist and turn along their route. Some grow aslong
as a few santimeters. For starters, time determines, to a
great degree, when aneuron will first sprout an axon and
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begin making connections. We believe that neuronsform
the bulk of their connections during aparticular periodin
their development, soon after they arrive at their
destinations and sprout axons. At that time, they can make
connectionsonly with cellsalready in place. If other cells
arrive later, the neuron will no longer be able to forge a
link. Neurons that arrive early seem to connect to their
neighbors. Later, when the communities grow in number,
cellsneed additional help to find theright targetsfor their
connections.

Typically, for instance, afetus beginsmoving its
arms and legs around the tenth week of development. At
first these movements are uncoordinated and random. But
gradually the fetus becomes more purposeful in its
movements.The child’'s increasing ability to coordinate
movements, which continuesto grow after birth, isdueto
the gradual development and strengthening of the
appropriate transmitters, receptors, and connections
between all the cellsinvolved.

Preparing for Birth. By month seven,
electroencephalography (EEG) can detect fetal brain
waves. The fetus can see and hear, although these
senses are only in the earliest stages of development and
will become much morerefined outside thewomb. During
this last phase of development, the earlier processes of
cell proliferation and migration continue to some degree,
and synapses continueto form all over the brain. But two
new processes begin in earnest: a pruning of unnecessary
cells and connections, known as apoptosis, or
programmed cell death, and the protection, known as
myelination, of vulnerable neurons and connections.

Until this point, everything about brain growth
has been about more: more cells, more axons and
dendrites, more synaptic connections. And the result is
more than the brain needs. The brain overproduces cells
and synapses. Apoptosis provides balance. This large-
scaleelimination of neurons affects some parts of thebrain
more than others. Relatively few neurons in the spinal
column die, as compared with five in ten motor neurons
(which control muscle movement), and nineinten cellsin
the cerebral cortex. How all thishappensisstill amatter of
investigation and conjecture. We know that when a cell
undergoes apoptosis, its DNA begins to fragment and it
eventually dies. What is not as clear is what triggers
apoptosis. Onetheory isthat cells need growth factorsin
order to survive, much as people need nutritious meals
on a regular basis. Once a neuron makes the right
connectionswith other brain cells, it receivesthe growth
factors it needs. Cells unable to make appropriate
connections “starve” and die. Another theory is that
neurons are preprogrammed to self-destruct but that
exposure to growth factor inactivates the genes that
contain these instructions [16].

In the final months of pregnancy, the brain also
begins to protect itself. Around the eighth month of
prenatal development, myelination begins; it will continue
well into childhood. Myelin is a protective membrane
produced by oligodendrocytes, which are types of glial

cells. The membrane extends from the oligodendrocyte’s
body and wrapsitself many times around an adjacent axon,
forming layers. Myelin not only protectsthe brain cells; it
helps them communicate by facilitating, and speeding,
the transmission of their signals. Since electrical signals
can enter and exit the axon only where it is exposed, the
myelin covering ensures that those signals will pass
quickly to the target brain cell. In multiple
sclerosis, Guillain-Barré syndrome, and other conditions,
the myelin covering is damaged; the axon isthus exposed
to signalsfrom neuronsit normally does not communicate
with, and the result is something like an electrical short
circuit, causing loss of motor control and other problems
[17].

Myelination occursat different timesin different
parts of the brain. Generally, motor and sensory brain cells
are protected first, before birth. The last area to be
myelinated is the cerebral cortex, and that happens long
after birth, in childhood. The process of myelination
coincides with the development of more advanced and
coordinated skills. Your child will become better able to
control arm and leg movements, and will thus be better
ableto crawl and walk ( fig.5) Over the same period the
child’scerebral cortex becomes myelinated, he or shewill
start to form words, string them into sentences, and finally
form abstract thoughts, one of the highest brain functions
of al.

Fig. 5. Myelin—the whitefatty insulation around axons—
hel psmovetheelectrical impulsesmore efficiently. Myelin
sheaths are formed by a type of glia (supporting) cell
known as an oligodendrocyte. As the brain and nervous
system devel op in the embryo, the oligodendrocyte wraps
around and around the axon inlayersresembling an onion.
Lengths of oligodendrocytes wrap around the entire
length of the axon in a pattern much likelinks of sausage.
(image credit: Kathryn Born)

S100 B protein and the developing brain in
thefetusand early neonate.S100B and S100A6 (calcylin)
aretwo members of the S100 Ca?*-binding protein family
and have been |ocalized in the mammalian nervous system.
However, information on their distribution in the human
nervous system, especially in the devel oping human fetal
brain, is scarce. In the present study, an
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immunocytochemical method was used to examine the
spatio-temporal protein expression patterns of S100B and
S100A6 in normal human fetal hippocampus, entorhinal
cortex and occipital cortex. Normal aged adult human brain
specimenswere a so included for comparison. From week
15 onwards, an increase with advancing gestation agein
both the number and staining intensity of S100B positive,
astrocyte-like cells was found in the pyramidal layer of
the hippocampus, while both the molecular and
polymorphic layers showed similar S100B
immunoreactivities all stagesexamined. A decreaseinthe
immunoreactivities was found in the molecular layer of
the aged adult hippocampus while other layers exhibited
immunoreactivities similar to those of the late fetus. At
week 15, themolecular, pyramidal and ganglionic/multiform
layersof theentorhinal cortex also showed positive S100B
immunoreactivitieswhich were maintained throughout the
rest of the gestation and in adult specimens. In the occipital
cortex, the numbers of positive cells for al layers were
about twofold higher than those found in the hippocampus
and entorhinal cortex, and immunoreactivities detected in
the granular layer increased from week 21, reaching a
plateau at around week 27. S100B positive fibers were
also found at week 30 but were not observed in aged
adult specimens. S100A6 positive cellswere onthewhole
fewer in number than those of S100B in the brain regions
examined. The S100A6 immunoreactivities which were
localized in some pyramidal neuron-like and some glial-
like cells of the pyramidal and molecular layers of the
hippocampusincreased by midgestation and became weak
in the late fetus and in aged adult specimens. Weakly
stained S100A6 positive cells were also observed in the

entorhinal cortex throughout the gestation and in aged
adult cortex. SI00A 6 immunoreactivitieswereweak in the
fetal occipital cortex [18].They werealsolocalized inthe
glial-like cells of the aged adult occipital cortex. The
differential spatio-temporal expression of S100B and
S100A6 proteins suggests that the proteins play different
rolesin different brain regions during development and in
adulthood.

Aim of the study: To determine whether S10084,
an acidic calcium-binding protein previously demonstrated
asareliableindicator of abrainlesion, could be helpful in
detection of brain distressin intrauterine growth-retarded
(ITUGR) fetuses, as well as in neonates born with
neurological deficit.

Methods

A total of 119 neonates were recruited from the
Neonatal Intensive Care Unit of the Pediatric Clinic divided
into a control group (N=48) and an overall risk group
(N=71). Therisk neonateswere categorized into subgroups
according to their clinical presentation. A serum blood
sample was obtained from each patient at 24h after
admission: 4" and 7" S100B levels were measured using
ECLIA (Electro-Chemi-Luminiscence Immuno Assay)
method. The risk groups were actually the asphyxiated
neoantes and premature infants(N=60) that were expected
to have acute brain injury and neonates with IUGR and
the one born with neurological deficit that are expected to
have chronic brain affection.(N=11). We analysed
neonates with chronic brain injyry due to intrapartum
suffering of the brain according to S100B protein.

Table 1. Statistical descriptorsfor the S100B measurementsin the group of term neonateswith [UGR

Timelntervals N Mean St Dev Min Max Mean Rank
1 day 9 0,029 0,020 0,010 0,070 156
4" day 9 0,053 0041 0,010 0,120 206
7" day 9 0,058 0,039 0,010 0,120 239
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Results

The Friedman test value +2 (2;N=9) is 3,46

(p>0,05) not statisticaly significant and therefore the

within-subject differencesin all measurment time-points
arenot significant.

Difference in the 3 measurment time-points

within the neonateswith ND.Because the datain thefirst

hemodynamics, suggesting that it may represent an index
of cerebral cell damagein the perinatal period (althoughis
not statistically significant as in asphyxtiated neonates
whereis a parameter odf early brain damage. In fact the
score higher from the control group shows that even
during the prenatal time if there is something going on
with the brain S100B protein is rousen but in thios
conditionsit is because of the chronical discharge, while
in asphyxtiated neonates it is due to acute insult.

Table 2. Statistical descriptors for the S100B measurements in the group of term neonates with ND(neurol ogical

deficit).

Timelntervals N Mean St Dev Min Max Mean Rank

1% day 3 1,733 1,086 0,990 2,980 1,67

4" day 3 1,620 1504 0220 3210 200

7" day 3 1,890 1904 0,300 4,000 233
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ECHOCARDIOGRAPHIC ASSESSMENT OF RIGHT VENTRICULAR FUNCTION
Gruevalujza
University Clinic of Cardiology, Medical Faculty, Skopje, R.Macedonia

Abstract

Thisreview will provide the practicing clinician with an understanding of the advantages and disadvantages
of the available echocardiography techniques and aimsto give some guidance on the most useful methodsin specific

clinical circumstances.

Todlow optimal patient management anideal measure of right ventricular performance should give an accurate
objective assessment of function, be practicablein everyday clinical use and provide accurate prognostic information.
Key words: right ventricle, structural changes, echocardiography

Introduction

The demonstration of right ventricular
dysfunction is important because it is often associated
with different kind of diseases

Myocardial Infarction

Right ventricular dysfunction is present in at
least one third of patients with inferior myocardial
infarction and is associated with significant increase in
mortality. Cardiogenic shock and the requirement for
temporary transvenous cardiac pacing are more common
in patientswith right ventricular dilatation. Furthermore,
by implying multivessel coronary artery disease, the
presence of right ventricular dysfunction carries an
adverse prognosis irrespective of infarct location. The
demonstration of right ventricular dysfunction is
important because it is often associated with a distinct
clinical syndrome requiring specific management. In the
presence of low cardiac output volume loading to restore
left ventricular filling pressureis required. Inappropriate
vasodilator and/or diuretic therapy may prove fatal.
Information about right ventricular function can be applied
in thrombolysis decision making when a relative
contraindication is present. In fact, the findings of one
study suggested that patients with inferior myocardial
infarction derived no benefit form thrombolysis in the
absence of right ventricular involvement. Cardiogenic
shock commonly develops when ventricular septal
rupture complicates myocardial infarction. In these
circumstances shock appears to be more related to
impairment of the right ventricular function than left
ventricular function, territory of myocardial infarction or
the extent of coronary disease.

Pulmonary Thrombo-embolic Disease

In the case of acute massive pulmonary
embolism, right ventricular dilatation reflects the acute
rise in pulmonary vascular resistance. Right ventricular
failure causesadecreasein |eft ventricular pre-load which
contributes to the fall of cardiac output. The increasein

right ventricular after |oad leadsto higher right ventricul ar
oxygen demand and ischemia, which may even culminate
in biochemically detectable infarction. There is a
relationship between the degree of right ventricular
overload and the proportion of the pulmonary vascular
bed occluded as measured by the extent of perfusion
defects and assessment of right ventricular function in
patients with acute pulmonary embolism allows risk
stratification with right ventricular dysfunction being a
marker for both in-hospital and medium term mortality.
Diastolic dysfunction of right ventricle
Diastole is the period of ventricular relaxation
incorporating periods of isovolumetric relaxation and early
and late diastolic filing. Impaired diastolic function with
relative preservation of systolic functionisan early feature
of right and left ventricular disease. The relevant
echocardiographic methodswill be described in the section
on Doppler. Right ventricular diastolic dysfunction has
been found to occur in patients with chronic pulmonary
disease and pulmonary thromboemolism, systolic left
ventricular failure and systemic sclerosis.
Right ventricular diastolic dysfunction has been shown
to occur in patients with left ventricular dysfunction
without other causes of right ventricular disease or
concurrent pulmonary hypertension implicating
ventricular interdependence as amechanism. Conversely,
it haslong been recognized that when thereisright-sided
volume or pressure overload there may be a mechanical
effect on the interventricular septum that can alter left
ventricular systolic or diastolic function. This has been
observed in chronic obstructive pulmonary disease,
primary pulmonary hypertension and atrial septal defect
and right ventricular infarction. The effect on LV function
and clinical consequences may vary between individuals
with similar degrees of right ventricular volume or pressure
overload.
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Discussion

Attemptsto measureright ventricular dimensions
echocardiographically were made soon after the
development of ultrasound. M-mode measurements of
right ventricular dimensions are, however, frequently not
feasible and limitations became apparent, in particular the
fact that dimensions were so heavily dependent on the
angle traversed by the ultrasound beam across the
ventricle,

Two-dimensional 1maging

M easurements of long and short-axisdimensions
of right heart casts by two-dimensional imaging were
quickly shown to be more accurate than M-mode
techniques. Two-dimensional imaging allows estimation
of the right ventricular dimensions, shape and wall
thickness. In normal subjects, feasibility for assessment
of right ventricular dimensions is high, with low inter-
and- itraobserver variability. An eccentricity index, which
is a measure of the degree of septal displacement, has
been described. It is calculates as the ratio of the minor
axisdiameter of theleft ventricle parallel to the septumto
that perpendicular to it. Measuring this index at end-
systole and end-diastole can provide a means of
differentiating between right ventricular pressure and
volume overload. Its clinical validity has been verified.
Calculation of right ventricular areabased on single plane
echocardiographic methods correl ate with right ventricular
gjection fraction but assume a constant relationship
between the dimensions of the ventriclein two planes. A
combination of apical four-chamber and subcostal right
ventricular outflow tract viewsisthe most used. Thevalue
of two-dimensiona echocardiography has perhaps been
most clearly demonstrated in patients with pulmonary
embolism. In this setting the feasibility is high. The
echocardiographic features may be nonspecific or
demonstrate dilatation of the proximal pulmonary arteries
or disturbance of flow velocity in pulmonary Doppler
recordings. Presence of thrombus in transit is required
before other causes of right ventricular dilatation can be
excluded, but normal right ventricular morphology is
highly unlikely with a haemodynamically significant
pulmonary embolism. Transoesopageal echocardiography
has improved sensitivity and specificity compared with
the transthoracic approach.

Doppler Echocardiography

With the introduction of Doppler
echocardiography other parameters have been examined
asmeasures of right ventricul ar performance. Thewidest
application of Doppler to the right heart has been to
estimate pulmonary artery systolic pressure by measuring
the peak vel ocity of atricuspid regurgitant jet and applying
themodified Bernoulli equation. Although therelationship
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between pulmonary artery pressure and right ventricul ar
function is complex and remains to be adequately
elucidated, Doppler ultrasound isreliablein the detection
of tricuspid regurgitation and aclearly defined continuous
wave Doppler profile can be recorded in most patients.
The application of echocardiogarphic contrast agents has
further improved feasibility. The necessary estimation of
right atrial pressure can befacilitated by avariety of means
including clinical examination, tricuspid inflow parameters
and inferior vena cava measurements. The tricuspid
regurgitant profile on continuous wave Doppler can also
be used to derive the rate of theright ventricular pressure
risein early systolewhichisameasure of right ventricular
systolic function although measurements are influenced
by pulmonary artery pressure.

Systolic timeinterval s such asduration the right
ventricular pre-gjection period and ration of the pre-
gjection period to the right ventricul ar € ection time have
been investigated and found to correlate with similar
interval s derived from tow-dimensional images and right
ventricular gjection fraction. More recently pulmonary
artery flow acceleration time has been investigated.
Acceleration timeis shortened in patientswith pulmonary
artery hypertension who may have a characteristic flow
morphology phase with mid-systolic notching.

Diastolic function: Evaluation of the right
ventricular diastolic function is conventionally based on
the Doppler transtricuspid flow velocity profile. Variables
measured include peak velocity of early filling(E
velocity),peak velocity of late filling due to atrial
contraction(A velocity), E/A ratio and deceleration time
of early filling(Edt). The velocities across the tricuspid
valve are significantly lower than across the mitral valve
and tricuspid Edit islonger than mitral Edt. Thetricuspid
flow parameters do not appear to be as affected by age
but respiration causes pronounced variability and
measurement should be made at end-tidal or end-
expiratory apnea. Thenormal filling patternisaffected by
pre-load, afterload and compliance of the ventricular
myocardium. In patients with pulmonary hypertension
hypertrophic changesin theright ventricle may lead to an
alteration in compliance with slowing of early right
ventricular filling and augmentation of filling at atrial
contraction. Edt is prolonged. Relevant information can
also be derived by measuring the right ventricular
isovolumetric relaxation time or from pul sed wave Doppler
assessment of superior vena cava and hepatic venous
flow. Right ventricular isovolumetric relaxation timeisthe
period from pulmonary valve closure to tricuspid valve
opening and is prolonged with abnormal relaxation and
shortened with rapid relaxation or increased filling
pressures. As could be predicted, changes in superior
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vena cava and hepatic venous flow also occur during the
respiratory cycle, both in health and disease, with
significant variations as a result of changes in heart rate
and loading conditions.

Three Dimensional Echocardiography

The advent of three-dimensional
echocardiographic reconstruction removes the
longstanding limitation imposed by standard imaging
planes. Effectively, it eliminates the need for geometric
assumptions of the complex right ventricular architecture
and allowsimproved endocardial detection. Thefeasibility
and reliability of three-dimensional echocardiographic
imaging have been examined by invitro and invivo studies,
and modern data collection and gating systemsto minimize
artefactual errors due to subject motion or respiration.
Three-dimensional echocardiographic measurements of
right ventricular volumes correlate closely with those of
magnetic resonance imaging and permit reliable serial
measurements. The accuracy and reproductibility of the
technique improve the evaluation of the right ventricular
hypertrophy. Whilethree- dimensional echocardiography
appears to be excellent for objective and accurate
measurements of right ventricular geometry there is a
paucity of information on its prognostic value, it is
currently not widely availablefor routine use and timeis
required for post-acquisition reconstruction of theimages.

Advances in Echocardiography of the Right
Ventricle

Recently, the advent of more sophisticated
imaging techniques has been of great benefit in more
accurately quantifying right ventricular performance.
Automated border detection methods have been
employed in the assessment of global right ventricular
function in patients with a variety of underlying
pathologies. Estimation of changes in right ventricular
dimensions based on thistechniqueisin close agreement
with contrast angiographic data. Colour kinesis can be
used to quantitatively assess segmental right ventricular
function and has been shown to be of valuein avariety of
pathologies affecting the right ventricle with excellent
correl ation between ventricul ographic and colour kinesis
measurements. Contrast echocardiography has been
applied to the right ventricle in an attempt to overcome
difficultieswith endocardial border definition. In healthy
subjects the correlation between echocardiographic and
radionuclide derived right ventricular ejection fraction
significantly increased and inter-observer variability
improved with the addition of contrast. Tricuspid annular
motion can be assessed easily using Doppler tissue
imaging. An advantageisthat measurement isindependent
of geometric assumptionsand endocardial border tracing.
This method has been accepted as a convenient means of

guantitatively evaluating right ventricular systolic
function and has been used asadiagnostic tool by number
of groups. The sensitivity of tricuspid annular motion for
the detection of early right ventricular dysfunction may
be superior to more conventional imaging techniquesand
recent study has suggested that reduced systolic
dysfunction as measured by radionuclide
ventriculography. Intra-cardiac echocardiography isable
to accurately delineate the entire right ventricular
architecture in the invasive catheterization laboratory
setting. Using a sequential catheter pull-back technique
it has been demonstrated that right ventricular volume
and function could be accurately assessed compared to a
directly measured standard model.

Alternatives to Echocardiographic Evaluation
of the Right Ventricle

Studies evaluating the usefulness of
electrocardiography have been directed predominantly
towards the detection of right ventricular hypertrophy
and had low sensitivity and specificity.
Angiocardiographic estimation of right ventricular volume
is invasive and is not widely performed. Accurate
measurements are reliant on the selection of appropriate
orthogonal planes and accurate border tracing. A large
variety of geometric figures have been used and many
overestimate true volume probably due to problemswith
inclusion of right ventricular myocardium in heavily
trabeculated regions of the ventricle. The use of
radionuclide techniques to evaluate right ventricular
function has been reviewed elsewhere. Both first pass
and equilibrium techniques have been applied. Each has
limitationsand it isunlikely that the favourable mean inter-
observer and inter-study variabilities for the estimation
of left ventricular gjection fraction are applicable to the
right ventricle. Magnetic resonance imaging provides a
method of accurately visualizing the complex internal
architecture of the right ventricul ar cavity and offersfast
dataacquisition. Time-volume curvesof theright ventricle
can be used to assess both systolic and diastolic function.
It is now generally accepted that magnetic resonance
imaging measurements are the gold standard for non-
invasive estimation of right ventricular volume and wall
mass but, unfortunately, availability is still limited and
dataislacking on its prognostic value and use for serial
assessment of right ventricular function.

Conclusion

Recent developments in ultrasound technology
have overcome the limitations of ssmple M-mode and
two-dimensional imaging and facilitated more accurate
monitoring of disease progression. Competition from
quantitative, highly reproducibletechniquesisemerging.
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Magnetic resonance imaging has become the gold
standard technique for evaluation of right ventricular
volume and function but abalance able, accurately reflect
right ventricular performance and are of proven prognostic
value. Echocardiography provides a readily accessible
tool for the evaluation of right ventricular function. It
remainsthefirst lineinvestigation because of itsability to
provide comprehensive information on right ventricular
Size, structure and function.
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ANEURYSMS OF THE ANTERIOR COMMUNICATING ARTERY
Chaparoski Aleksandar, Damjanovski S, Jovkovski S, Kostov M, FilipceV
University Clinic of Neurosurgery, Skopje, R. Macedonia

Therearealot of studiesindicating theincidence
of the cerebral aneurysms. Several large obductional
studies show that 2-5% of population has cerebral
aneurysms. Theincidenceishighestin 4%, 5" and 6" decade
of life, and islowest in thefirst three decades. In younger
people the most common aneurysms, are those on ICA.
Cerebral aneurysmsare more frequent inwomenwith ratio
2:1. Multipleaneurysmsare found in 15-31% of the cases
[1,2].

Growthandrupture

Growth and rupture are explained mechanically
and pathohistologically, based on structure of the wall,
haemodynamics and extramural factors. The axial blood
flow, combined with permanent pulsing jet, areweakening
thewall of the blood vessel, especially onitsbifurcation,
which leads to further growth and possible rupture of the
aneurysms. In the same time, when the blood flow is
exceeding normal velocity, there are occurrences of
turbulences, which produce vibration with resonant effect.
Thiseffect isresponsiblefor additional weakening of blood
vessel wall. Intracranial pressure isthe main extramural
factor that stimulates faster rupture of the aneurysms.
According to Normes decompression leads to rupture of
the aneurysms. According to Carner the ruptures are most
common on the fundusin 64% of the cases, on the lateral
sacus in 10%, in the area of the neck only in 2% and
unspecified in 24% of the cases. According to Valavanis
the growth and delineation of the aneurysms depends
from the structure of subarachnoidal cisterns. Namely, they
are mainly built from calagenous trabecules which are
connecting the blood vessel with the cisterns, the blood
vesselsto each other or connecting thewalls of the cisterns
between themselves. This brings to conclusion that
aneurysmsin different cistern might have different shape,
size and direction of growth, even though the
haemodynamics remains unchanged. The new
technologies (3D CTA), enables easier following of the
geometrical change of the unruptured sacular aneurysms,
and itsirregularity of the surface area, present the most
important indicator for possiblerupture[3, 4, 5].

Characteristicsof thecerebral blood vessels

The arteries of central nervous system have
origins from the large arteries of the neck and partialy
from the segmental branches of aorta and its branches.
Cerebral arteries are entering the basal parts of the
subarachnoidal space, distributing their branches both
on surface and in the deep structures of the brain [3].
Cerebral arteries and their branches are situated in the
subarachnoidal space, which formed from arachnoid
membrane from one sideand from piamater from the other.

Whole spaceisfilled with cerebrospinal fluid. Some parts
from this space are enlarged, representing subarachnoidal
cisterns. Large arteries can be situated in one or more
than one brain cisterns. For example arteriacarotisinterna
(ICA) is situated in cysterna arteriae carotidis internae.
Arteriabasilarisis situated in cysterna prepontinaand in
cysternainterpeduncularis[3].

Brain arteries and their branches are fixed in
subarachnoid space with arachnoidal trabecules. They
are consisted of fibroblasts and their long extensions that
are bonded dermozomes. Some of the trabecules are
connecting arachnoid to piaand other are connecting the
arachnoid with the adventitia of the blood vessels[3, 6].

In the subarachnoid spacethe arterieshave their
collaterals and terminal branches. Together they are
forming the arterial network. Penetrant arteries and
arteriolesarerising fromthisarterial network penetrating
inthe brain parenchyma.

Sructureof cerebral arterieswall

Thewall of the cerebral arteriesin consisted from
3 layers. The inner layer is called tunica intimae and is
consisted of endothelium, sub endothelial space and
laminaelagticainterna. Tunicamediaismiddleand thickest
layer and contains smooth muscle cells connected with
collagen and reticular fibers. Outer layer is called tunica
adventitia. It contains fibroblasts, collagen fiber and
nervous tissue [5].

Arteriaceréebri anterior (ACA) riseslaterally from
the optic chiasm and isresponsible for the vascul arization
dominantly of the medial part of the brain hemisphere.
The artery is divided on proximal (A1) and distal (A2)
segments. Proximal segment isbeginning from the carotid
artery to the anterior communicating artery (ACom). From
the segment there are several branches such as rami
hypothalamici providing vascularization for the rostral
part of hypothalamus, arteria perforantes for the rostral
parts of capsulainterna and basal ganglia, and artery of
Heubner (a. recurrents) for the vascul arization of the same
structures([2, 6, 7, 8].

Arteria communicans anterior (ACom) is short
anastomotic blood vessel between theright and left ACA.
Thereare several branchesthat are separating fromACom
such as hypothalamic branches for the rostral part of
hypothalamusaswell asonelarger branch of a. subcallosa
that irrigates hypothal amus, septal area, corpus callosum
and limbic cortex. Also a. medianacorporiscallosi can be
branched fromACom 2, 6].

Distal A2 segment of the ACA goes through
interhemispheric fissure branching arteriesmainly for the
media part of the hemisphere. In this segment besides
rami olfactorii, rami gyri recti and artery of Heubner, there
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are also severa large lepromeningeal branches such as:
aorbifrontalismedialis, a. frontopolaris, a. frontalisinterna
anterior, mediaand posterior, a. paracentralis, a. parietalis
superior, a. precunea[2, 6, 7, 8]

Cisternalaminaterminalis

In this cistern both A1 segments are situated as
well asa. communicansanterior and proximal partsof A2
segments. Antero-inferior border isupper areaof the optic
chiasma, where it is connected with chiasmatic cistern.
Rostrum of the corpus callosum issituated on the anterior-
superior border. The postern border islaminaterminalis.
On the lateral side the cistern is in communication with
carotid cistern. Inthe olfactory area, arachnoid membrane
isthicker. Incenter of thecisterntherearefragiletrabecular
fiberswhich are connecting a. communicans anterior with
lamina terminalis. Thick arachnoid fibers are also
connecting the both A2 segments[2, 6].

Surgical treatment

Preoperative treatment

Following diagnostic procedures are made for
every patient planned for operative treatment because of
bleeding brain aneurysm on anterior communicating
artery: CT scan of the brain, CT or Digital Subtractional
Angiography. DSA is performed only in cases in which
CT angiography isinsufficient for the localization of the
aneurysm and its relation to the surrounding structures
(branches, perforators).

In our clinic barbiturates are applied in every
patient. They are most efficient if they are applied before
the period of temporary ischemia, which might be caused
asaresult of application of temporary clip. The effect of
the barbiturates is proven for decreasing intracranial
pressure by reducing the cerebral blood flow and cerebral
metabolism[9, 10].

Fig. 1. Aneurismof a communicansanterior

Pterional craniotomy

Firstly, arcusincision of the scalp is performed,
intheareaof the base of arcus zygomaticus (approximately
0.5cminfront of thetragus), tothemiddlepupilary line. T
etempora muscleand itsfasciaare dissected and mobilized
postero-basal for better presentation of the pterion. Then
bone preparation is performed with three burr holes.
Proximal part of lineatemporalisisfirst and used asakey
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hole, the second is placed medially on squama frontalis
and the third one on suturae squamosa. This enables
better visualization of the fissurae Sylvi and upper
temporal gyrus. Furthermore sphenoid ridgeisdrilled all
the way through the lateral angle of fissurae orbitalis
superior. Theduraiscutinsemicircleform[1, 2,7, 11, 12,
13).

Vascular control

Vascular control isthe highest priority, because
it guarantees working under safe conditions. Dissection
of the blood vessels starts from ICA, proceeding to
ipsilateral A1 segment. Sometimes resection of gyrus
rectus is needed. After that in largest number of cases
exposition of the counter lateral A1 segment is possible.
Dissection continues with exposition of the both A2
segments and both arteries of Heubner. After exposition
of all these segments is done, neck of the aneurysm is
shown. Eventual sacrificing of small perforators can result
with serious consequences. Early evacuation of eventual
intracerebral hematomas can provide extra space for
manipulation[14, 15].

Fig. 2. Surgical clipping
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Surgical clipping

The purpose of the intervention is excluding of
the cerebral aneurysm from the blood circulation. One of
the biggest problemsis presence of the small perforators,
which are frequently incorporated in the aneurysm neck.
The size and form of the clip depend from the size and
orientation of the aneurysm. Temporary clipsare used for
decreasing theintraaneurismal pressure. After theclipping
any manipulation or traction of the blood vessels are
unacceptable. Fenestrated clips are used for fibrosed or
calcified aneurysms, because of the grater pressure
produced by the tentacles of the clip. Residues from the
neck can be clipped with additional clip. Alternativesfor
clipping of the neck are trapping parent occlusion or
wrapping of the aneurysm [6].

Conclusion

The ACom aneurysms are one of the hardest for
surgical treatment. Successful operative treatment is
possibleonly with great knowledge of anatomy and precise
surgical technique.

This principlestogether with basic principles of
thevascular surgery, provides conditionsfor safe surgical
clipping of the aneurysm without consequences in
neurological status of the patient.
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Abstract

Obesity, defined as accumulation of excessbody fat, represents major risk for awide array of chronic diseases.
Theamount of visceral fat tissue representsamajor risk factor associated with the metabolic syndrome. The amount of
visceral fat isusually estimated by anthropometric parameters, although more precise measurements can be obtained
by CT or MRI.

The aim of our study is to assess the correlation between the anthropometric parameters of visceral obesity
and the visceral and subcutaneous fat tissue determined by ultrasound.

The study included 63 women with BMI between 23.6 and 50.2 kg/m?2. Wai st circumference, waist to hip and
wali st to thigh ratio were determined by standard methods. Ultrasound was used to perform measurement of subcutaneous
fat tissue (SFT), defined asthe thicknessfrom the skin to the exterior wall of m. rectus abdominis, and visceral fat tissue
(VFT) defined as distance between the aorta and interior surface of m. rectus abdominis measured 1 cm above the
umbilicus.

Theresultsfrom our study suggested that the wai st circumference and waist to hip and waist tothigh ratio are
well correlated with visceral fat tissue determined by ultrasound. The ratio between the SFT and VFT was correlated
with waist to thigh ratio in overweight and normal weight subjects, but in obese subjects this ratio was not correlated
to any of the anthropometric parameters and it seems useful to determine thisratio in these subjects by estimation of

fat depots by ultrasound.

Key words: central obesity, visceral fat tissue, subcutaneous fat tissue

Introduction

Obesity, defined as accumulation of excessbody
fat, representsmajor risk for widearray of chronic diseases.
The distribution of the excessfat is also important in the
pathogenesis of these chronic conditions.

Central obesity is one of the major pathogenic
factors in the development of metabolic syndrome. The
amount of visceral fat tissue (VFT) representsamajor risk
factor associated with the metabolic syndrome(1).
Therefore the estimation of fat distribution is very
important. Anthropometric measures such as waist
circumference and waist to hip ratio (WHR) are easily
obtained, but represent a crude estimation of central
obesity and amount of VFT. More precisetechniques such
asCT and MRI measurement of VFT were devel oped over
the past decades. However these techniques are not
available in everyday clinical practice, nor are they
applicable in large epidemiological trials. The
ultrasonography is method that is more readily available
and proved agood correlation in the assessment of VFT
with CT which is considered agold standard(2).

The aim of this study is to correlate the
anthropometric parameters of visceral obesity in women
with the visceral fat tissue and subcutaneous fat tissue
(SFT) as determined by ultrasonography.

Material and methods

The study included 63 women, aged 21- 60 years
with BMI range 23.6 — 50.2 kg/m2. The study group was
selected from the parti cipants of the project MONODIET

76

whichran at the Institute of Pathophysiology and Nuclear
Medicine, at the Medical Faculty in Skopje. Theweight
of the participants was obtained with digital scale with
precision of 0.1 kg, with light indoor clothes and without
shoes. The height was measured with a stadiometer to
the nearest 0.5 cm.Waist circumference was measured with
nonelastic plastic band over the umbilicus with subjects
in astanding position. Hip circumference was measured
between the anterior iliac spine and major trochanters.
The thigh circumference was measured in the proximal
end at the level that showed the largest circumference.
The circumferences were measured to the nearest
0.5cm.Waist to hip ratio and waist to thigh ratio was
calculated from theresults of the measured circumferences,
and the BM| was cal culated using the valuesfor the height
and the weight.

The ultrasound measurements were performed
at the University Clinic for Gastroenterohepathology at
the Medical Faculty in Skopje. The measurements were
performed with 3,5 MHz ultrasound probe one centimeter
above the umbilicus without applying pressure to the
abdominal wall. The distance between the aorta and the
interior wall of musculus rectus abdominiswas defined as
representative of the amount of VFT, while the distance
from the skin to the exterior wall of m. rectus abdominis
was defined as SFT.

The subjects were divided in two groups with
regard to the BMI. The first group comprised 24 normal
weight or overweight subjectswith BMI less than 30 kg/
nm?, and the second group had 39 obese subjects with
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BMI greater than 30 kg/m?. For the statistical analysisthe
Pearson correlation was used for the whole group and for
the two subsets of patients divided by the BMI value.
Probability valuesof p <0.05 were considered statistically
significant.

Results

The data obtained from the measurements of the
fat tissues with ultrasonography for the whole group in
correl ation with anthropometric parameters are presented
intab.1.

The size of fat tissues 1 cm above the umbilicus
was well correlated with BMI, waist and thigh
circumferences. VFT showed stronger correlation with
BMI and waist circumference than SFT. VFT showed

correlation with the waist to hip ratio, and with waist to
thigh ratio.

The ratio between SFT and VFT showed
correlation only with waist to hip ratio, and weak
correlation with waist to thigh ratio that didn’t reach
statistical significance.

The correlation between SFT and VFT and
anthropometric parameters in subjects with BMI bellow
30 kg/m? areshownintable 2.

In this group of subjects SFT showed very
strong correlation with BMI and thigh circumference. The
strongest correlation of the VFT was with the waist
circumference, W/H ratio and W/T ratio. Thecorrelation
of VFT with BMI was weaker than the one expressed by
SFT. The SFT/VFT ratio showed correlation with thigh
circumference and with W/T ratio.

Table 1. Correlation between fat depots, as determined by ultrasonography, and anthropometric parameters

SFT VFT SFT/VFT ratio

r p r p r p
BMI 0.37 <0.01 058 <001 -003 0.78
Waist Circumference 0.37 <0.01 0.63 <0.01 -0.10 03
Thigh Circumference 031 <0.01 033 <001 006 03
Hip Circumference 0.14 04 0.13 0.28 004 071
W/H ratio -0.019 08 052 <001 -03 <001
WIT ratio 0.094 0.46 0.39 <0.001  -0.19 <0.1

Table 2. Correlation between fat depots, as determined by ultrasonography, and anthropometric parametersin subjects

with BMI bellow 30 kg/m?

ST VFT SFT/VFT ratio

r p r p r p
BMI 0.7 <0.001 042 <003 017 04
Waist Circumference 0.27 0.19 0.62 <0.01 -0.38 006
Thigh circumference 0.46 <0.01 -0.39 005 05 <001
Hip circumference 0.17 0.41 0.1 06 001 09
W/H ratio 0.18 03 0.66 <001 -045 002
WIT ratio -0.07 0.7 0.77 <0.01 -0.58 <0.01

Table 3. Correlation between fat depots, as determined by ultrasonography, and anthropometric parametersin subjects

with BM| above 30 kg/m?

SFT VFT SFT/VFT ratio

r p r p r p
BMI 0.06 0.6 061 001 -0.18 02
Waist Circumference 0.06 0.6 0.6 0.01 -0.2 02
Thigh circumference -0.07 0.6 04 001 013 04
Hip circumference 0.03 0.84 0.06 06 002 08
W/H ratio -0.17 02 041 001 027 0.09
WIT ratio 0.12 04 0.7 0.01 0.06 0.6

7
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The correlation of SFT and VFT with
anthropometric parametersin subjects with BMI greater
than 30 kg/m?is presented in table 3.

The SFT in this subject group did not show
correlation with any of the anthropometric parameters.
The VFT on the other hand, presented with high
correlation with BMI, waist and thigh circumference, W/
H ratio and W/T ratio. The SFT/VFT ratio also did not
correlate with the anthropometric parameters, except for
the weak correlation with W/H ratio that did not reach
statistical significance.

Thehip circumferencedid not correlate with any
of the anthropometric parametersin any of the groups.

Discussion

The estimation of the distribution of thefat tissue
is very important in the assessment of the metabolic
syndrome and cardiovascular risk. The most frequently
used parameters are the anthropometrically derived ones
like waist circumference, waist to hip and waist to thigh
ratio. These parameters are easily obtained but they can’t
discriminate between the subcutaneous and visceral fat
depots. The CT of the abdominal region has been
established as gold standard for the assessment of fat
distribution (3, 4). This method offers precise evaluation
of variousfat compartments. However, the CT isexpensive
and exposes the patients to ionizing radiation. There are
several studies in the past decade that include the use of
ultrasound as a more convenient method for the
assessment of fat distribution. They all report good
correlation of ultrasound method with CT (5, 6). However
thereisneither standardized method for the determination
of fat distribution by ultrasound, nor arethere standardized
cut-off values. Our study has defined the thickness from
the aorta to the interior wall of m. rectus abdominis as
VFT, and thethicknessfrom the skin to the exterior wall of
them. rectus abdominisas SFT. Both fat depots correl ated
well with BMI inthe group asawhole. The SFT showed
very high correlation with BMI (r 0.7, p< 0.0001) in the
subgroup of subjects that had normal weight or were
overweight, as oposed to the subgroup of obese subjects
wherethe SFT did not correlated with BMI. On the other
hand, VFT presented the highest correlation coefficient (r
0.61, p<0.001) with BMI in the subgroup of patientswith
BMI greater than 30 kg/m?, although BMI was correlated
with VFT in the group asawhole. It appearsthat BMI is
influenced by the amount of subcutaneous fat in persons
with normal or dlightly elevated BMI, whilein the group
of obese subjects BMI is moreinfluenced by the amount
of visceral fat.

Thewaist circumferenceisconsidered to beone
of the most important anthropometric parameters for the
assessment of visceral obesity. Thereare number of studies
that investigate the appropriate site for the measurement
of this circumference and the proper cut-off values for
visceral obesity(7, 8). Thewaist circumference represents
the subcutaneous fat tissue and the visceral fat tissue.
The study conducted by Roopkala et all confirmed that
the waist circumference was the best predictor of the
visceral fat accumulation in the abdomen when ultrasound
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was used asamethod for the assessment of fat distribution
(9). Our study showed high correlation of the waist
circumferencewith VFT indl threegroups (r 0.66, p<0.001),
while the SFT showed weak correlation only when the
group was analyzed regardless of thevaluefor the BMI (r
0.37, p<0.01). These results suggest that the waist
circumferenceis appropriate metric for the determination
of the amount of visceral fat tissue.

Thewaist to hip and waist to thigh ratio showed
correlation only with visceral fat tissue in all groups of
subjects. The waist to hip ratio presented with higher
correlation coefficient in the subgroup of subjects with
BMI less than 30 kg/m? (r 0.66, P< 0.001) than in the
subgroup of obese subjects (r 0.41, p<0.01). In the later
subgroup the waist to thigh ratio seems to be better
representative of visceral fat accumulation (r 0.77, p<
0.001).

Thehigh proportion of visceral fat relativeto the
subcutaneous fat has been reported to predict more
adverse metabolic profilein some studies (10). Therefore
inour study we estimated the correlation of SFT/VFT ratio
with anthropometric parameters. When the datafrom the
whole group were analyzed only waist to hip ratio
correlated with SFT/VFT (r - 0.3, p<0.01), whilein the
subset of subjects with BMI less than 30 kg/m?waist to
thigh ratio emerged as better predictor of theratio between
SFT and VFT since the correlation coefficient reached —
0.58 (p<0.001).

Conclusions

Theresultsfrom our study suggest that the wai st
circumference and waist to hip and waist to thigh ratio are
well correlated with visceral fat tissue as determined by
ultrasound. The ratio between the SFT and VFT was
correlated with hip to thigh ratio in overweight and normal
weight subjects, but in obese subjects this ratio was not
correlated to any of the anthropometric parametersand it
seems useful to determine this ratio in these subjects by
the estimation of fat depots by ultrasound.
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Abstract

Atherosclerosis is a complex chronic disease comprising numerous factors that contribute to formation of
atherosclerotic plagues. Recently, it has been suggested that chronic infections might be associated with CHD (5, 6),
especially those that are due to Chlamydia pneumoniae, Helicobacter pylori and cytomegalovirus (CMV).

Aim

Theaim of thisinvestigation was to determine the frequency of immune response to Chlamydia pneumoniae
in patients with acute coronary syndrome (ACS), patients with chronic coronary artery diseases (CAD), and healthy
individual s who were the control group.

Material We used serataken from three groups of subjects: 64 patientswith coronary artery syndrome (ACYS)
comprising patients with unstable angina pectoris, myocardial infarction without elevation of ST segment, myocardial
infarction with elevation of ST segment; 53 patientswith coronary artery disease (CAD) and agroup of 36 conditionally
healthy individuals - the control group.

ResultsIn the group of patients with acute coronary disease, the largest number and percentage of subjects
(57 or 49.1%) had hsCRP antibody titer higher than 3 mg/L. Positive IgA antibodieswereregistered in only one subject
from CG (titer 32) and in 21 (17.95%) patientswith coronary disease, of whom 15 werelow positive and 6 high positive.
Inthe ACS group 15 (23.44%) patients were seropositive for these antibodies, 12 being with low seropositivity and the
remaining 3 patients with high seropositivity. In the CCAD group 6 (11.32%) patients were seropositive for IgA
antibodies, of whom 3 with low and 3 with high seropositivity. In the ACS group 33 or more than half of the subjects
were seropositive for 1gG antibodies. In the CCAD group seropositive for 1gG antibodies were 20 (31.7%) subjects. .
Regarding seropositivity in both subgroups of the study group, antibodies to cHeat Shock Protein-60 were detected

in 9(14.1%) patientswithACSand in 6 (11.3%) patientswith CCAD.
Conclusion Our results have shown that increased IgA antibody titers for C. Pneumoniae, increased CRP
values are predictors for coronary events, especially when their levels are persistently increased and not transitory.
Key words:Chlamidia pneumoniae, atherosclerosis, acute coronary syndrome, chronic coronary artery

diseases

Introduction

Coronary heart disease (CHD) is one of the
leading causes of death. In asymptomatic patients younger
than 65 years, with initial myocardial infarction, the
mortality rate was 80% (2). The disease is usually
manifested as angina pectoris or myocardial infarction.
The most common cause of CHD is atherosclerosis.

Atherosclerosis is a complex chronic disease
comprising numerousfactorsthat contributeto formation
of atherosclerotic plaques (3). The exact mechanism of its
onset is unknown, but generally it is accepted as a
response to the damage of blood vessels endothelium
(4). Several factors can cause damage, including:

- circulatory stress (hypertension),
- metabolic stress (hyperchol esterolemia),
- immunol ogic disorder.

Damage causeslipoproteininfiltration, monocyte
migration, increased thrombocyte adhesiveness,
activation of active phase reactants (CRRP, fibrinogen, sialic
acid), inflammatory factors and growth hormonereleasing
factors. Proliferation of intimal smooth muscle cells and
macrophages results in accumulation of lipids (foamy
cells), which on the other hand form fat traces by constant
accumulation. Thefinal product isatherosclerotic plaque,
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which causes narrowing of the blood vessel lumen and
compromising blood circulation and CHD symptoms.

Recently, it has been suggested that chronic
infections might be associated with CHD (5, 6), especially
those that are due to Chlamydia pneumoniae,
Helicobacter pylori and cytomegalovirus (CMV). The
mechanism that defines association of these organisms
and CHD is their direct effect on the arterial vessels
[(endothelial damage (7), proliferation of smooth muscle
cells(8-10), local inflammation (7)], or indirect effectsthat
aretransmitted through circulation [chronicinflammation
(11-17), cross-reactive antibodies (18-20), changesin the
known cardiovascular risk factors (11, 21, 22)].

The aim of this investigation was to determine
the frequency of immune response to Chlamydia
pneumoniae and classic markers of myocardial damage:
troponin, creatine kinase isoenzyme MB (CK-MB),
myoglobin, hsCRP in patients with acute coronary
syndrome (ACS), patients with chronic coronary artery
diseases (CAD), and healthy individuals who were the
control group.
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Material and methods

We used sera taken from three groups of
subjects: 64 patientswith coronary artery syndrome (ACS)
comprising patients with unstable angina pectoris,
myocardial infarction without elevation of ST segment,
myocardial infarction with elevation of ST segment; 53
patients with coronary artery disease (CAD) and agroup
of 36 conditionally healthy individuals- the control group.

Mean age of the control group of individuals
was59.03+10.2 years, of ACS patients61.38 £ 10.15 yesrs,
and of CAD patients62.8 + 10.15 years.

Patients' diagnosis was made in line with the
guidelinesfor evidence-based medicine at the Cardiology
Clinic.

Analysisof patients serafor detection of specific
antichlamydial antibodies, detection of eventual anti-
CHSP-60 antibodies as well as determination of
inflammatory markers levels - hsCRP and markers of
myocardial injury (creatinekinaseisoenzymeMB, troponin)
was done with serological analysis at the Institute of
Microbiology and Parasitology, Medical Faculty, Skopje.

Analysisfor presence of elevated specific IgA
and 1gG antibodies to C. pneumoniae was done with
Sero FIA tm-ChlamydialgA, 1gG (Savyon Diagnostics,
Israel) MIFfor detection of antichlamydial antibodies. This
test is a semi-quantitative assay for detection of the three
classes of antibodies of the three chlamydia species: C.
pneumoniae, trachomatis and psitacci concomitantly in
samples of human sera. Thismethod isaworld recognized
for detection of specific antibodies. Recombinant enzyme
immunoassay for quantitative detection of 1gG antibodies
- cHSP60-1gG- EL1SA medac test was used for detection of
antibodiesto chlamydial Heat Shock Protein-60.
Analysis of patients’ sera for presence of markers for
myocardial damage (myoglobin, troponin, creatine kinase
isoenzyme - CK-MB) along with determination of hsCRP
level was done on the Immulite system, DPC (Diagnostic
Products Corporation), LosAngeles, USA. The processis
fully automated in the Immulite system.

I nter pretation of theresults
All subjects were examined for presence of
elevated levels of specific IgA and I1gG antibodies to C.
pneumoniae using the world recognized reference method,
the microimmunofluorescence method (MIF). Fluorescence
presence in defined sera solutions of the subjects was a
sign of a positive result.
CRP values in relation to cardiovascular events are
interpreted asfollows:
» valueof <1mg/lisconsideredtobealow risk for
cardiovascular disease;
» valueof 3mg/l isconsidered to beamediumrisk
for cardiovascular disease;
» valueof >3 mg/l is considered to be a high risk
for cardiovascular disease.
Myglobin level higher than 25 ng/ml was considered to be
elevated. CreatinekinaseisoenzymeMB level higher than
5.7 ng/ml was considered to be elevated. If 1gG antibody
titer to cH SP60 was 1:50 it was considered to be negative

and if itwasequal or higher than 1:50 it was considered
to be positive.

Satistical analysis

Statistical analysis of data was done using
the statistical program SPSS (Statistical Package for
Social Sciences), version 13. The final results of our
analyses are expected to be completed within ayear.

Results

We present the results obtained by statistical
analysis of the data.

Table 1. Examined groups

Examined groups Number %
Control group (CG) 36 23,53
Coronary artery disease (CAD)

Acute coronary syndrome (ACS) 64 41,83
Chronic coronary artery disease (CCAD) 53 34,64
Total 153 100

Table 2 and Figure 1 present the distribution
of subjectsfrom the analyzed groupsregarding hsCRP
antibody levels, analyzed as normal, low positive and
high positive.

Table2. Anti hsCRPlevelsin patientswithACSand CCAD
and healthy subjects

Anti hsCRP CG ACS CCAD Total
Number <1.0mg/l 19 10 20 49
% 52.78 15.63 38.46

Number 1.1-3.0mg/L 7 15 14 36
% 19.44 2344 26.92

Number  >3mg/L 10 39 18 67
% 27.78 60.94 34.62

Total All groups 36 64 52 152

CG/ACS Chi-sguare= 16.3df=2 p=0,0029
CGICCAD Chi-square=1.71 df=2p=0,41
ACS/CCAD Chi-square=9.97 df=2p=0,006

% 60,94

0 52,78
60
50
40 778
30 44 15,63
20
10
0
KT AKC

38,46 34,62

26,92

XKAB

B <1,0mg/normal vales @1,1-3,0mg/l low positive @ >3 mg/l high positive

Fig. 1. Anti hsCRPIevelsin patientswithACSand CCAD
and healthy subjects
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Predominant subjectsin the CG group (19 or
52.8%) were those with anti-hsCRP antibody titer less
than 1.1 mg/L. In the group of patients with acute
coronary disease, the largest number and percentage
of subjects (57 or 49.1%) had hsCRP antibody titer
higher than 3 mg/L. In the group of subjects with
chronic coronary disease 39 (60.9%) patients had higher
titer than 3 mg/L, whereasin the group of subjectswith
chronic coronary disease the most common finding was
normal titer (20 or 38.5%).

Tested differencein the distribution of subjects
with normal, low positive and high positive hsCRP
antibodieswas statistically significant between CG and
patientswith ACS, aswell asbetween ACSand CCAD
patients.

Table 3. IgA levelsin patients with ACS, chronic CAD
and healthy subjects

IgA CG ACS CCAD Total
Number Negative 35 49 471 31
% 97,22 76,56 88,68
Number Positive 1 12 3 16
% 1:32 2,78 18,75 5,66
Number High 0 3 3 6
% positive 0,00 469 5,66
1:64
Total All groups 36 64 53 153

Chi-square=7.32 df=1 p=0.0068 CG/ACS
Yatescorrect. d=1.14 df=1 p=0.28 CG/CCAD

" 97,22
’ 88,68 5] negatlve

O positive
o hlgh positive
5,66 5,66

100 76,56
80
60

40

18,75
2,78 4,6
0
Kr AKC

Fig. 2. 1gA levelsin patientswith ACS, chronic CAD and
healthy subjects

XKAB

Table 3 and Figure 2 present the distribution of
healthy subjects and patients with coronary disease
regarding seropositivity for antichlamydial 1gA
antibodies. Positive antibodies were registered in only
onesubject from CG (titer 32) and in 21 (17.95%) patients
with coronary disease, of whom 15 werelow positive and
6 high positive. In the ACS group 15 (23.44%) patients
were seropositive for these antibodies, 12 being with low
seropositivity and the remaining 3 patients with high
seropositivity. In the CCAD group 6 (11.32%) patients

82

were seropositivefor IgA antibodies, of whom 3 with low
and 3 with high seropositivity.

There was a statistically significant difference
between CG subjects and CCAD patients as well as
between CG subjects and ACS patients due to more
frequent detection of IgA classantibodiesin patientswith
acute coronary events.

Inthe group of healthy controls 14 (38.88%) had
I gG antibodiesfor Chlamydia pneumonia, among whom
in 7 (19.4%) thetiter was>1:64 and in the other 7 patients
it was elevated (>1:128/256). Seropositive for 1gG
antibodieswere 53 (45.3%) patientswith coronary disease,
of whom 22 (18.8%) were presented with high
seropositivity.

In the ACS group 33 or more than half of the
subjects were seropositive for 1gG Twenty (31.2%) had
antibody titer >1:64 and 13 (20.3%) had antibody titer
>1:128/256.

In the CCAD group seropositive for 1gG
antibodieswere 20 (31.7%) subjects, of whom the majority
(11 or 20.75%) were with low seropositivity and only 9
(16.9%) with high seropositivity.

Tested differences regarding 1gG antibodies
between healthy subjects and patients with coronary
disease, between healthy subjects and patientswith acute
coronary disease and chronic coronary disease, as well
as between patients with acute and chronic coronary
disease were statistically non-significant (Table 4, Figure
3.

Table 4. 1gG levelsin patients with ACS, chronic CAD
and healthysubjects

1gG GG ACS CCAD Total
Number  Negative 22 31 33 86
% 61.11 48.44 62.26
Number Positive 7 20 11 37
% 1:.64 19.44 3125 20.75
Number High positive 7 13 9 27
% 1:128/256 1944 2031 16.98
Total  All groups 36 64 53 153

CG/ACS Chi-square=1.49df=1, p=0.22
CG/CCAD Chi-sguare=0.01df=1, p=0.91
ACS/CCAD Chi-square=2.24df=1, p=0.13

% 61,11 62,26 0 negative
704 @ positive

604 O high positive

504

404

304 s 3 16,98
! e

204

10

Kr AKC

XKAB

Fig. 3. 1gG levelsin patientswith ACS, chronic CAD and
healthy subjects
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Table 5. Anti-cHeat Shock levels in patients with ACS,
chronic CAD and healthy subjects

Anti-cHeat-Shock CG ACS CCAD
Number  Negative 33 55 a7

% 91.67 8594 8368
Number Positive 3 9 6

% 833 1406 11.32
Total All groups 36 64 53

CGICCAD Yates=0.01df=1, p=0.92
ACS/CCAD Chi-square=0.19df=1, p=0.66

%
91,67

1004

88,68 @b negative
o positive

80

60

40/

204

Kr AKC

Fig. 4. Anti-cHeat Shock levels in patients with ACS,
chronic CAD and healthy subjects

Seropositivity for chlamydial cHeat Shock
Protein-60 was registered in 3 (8.3%) control subjects
and in 15 (12.8%) patients with CCAD. Regarding
seropositivity in both subgroups of the study group,
antibodiesto cHeat Shock Protein-60 were detected in 9
(14.1%) patientswithACSand in 6 (11.3%) patientswith
CCAD.

Distribution of subjects with negative and
positive anti-cHeat Shock Protein-60 between CG and
CAD group, between CG and ACS group, between CG
and CCAD, as well as between ACS group and CCAD
was statistically not significant (Table 5, Figure 4).

Univariate analysis has confirmed thefollowing
significant risk predictors for acute coronary disease
(ACS): anti-hsCRP antibodies and IgA antibodies for
Chlamydia pneumoniae (Table 6).

Multivariatemodel for Binary regression analysis
has confirmed hsCRP antibody |evel s higher than 3 mg/L
to be independent significant factors or predictors for
ACS.

Discussion

Risk factorsfor onset of coronary heart diseases
(CHD) may be modifying: diet, smoking, hypertension,
hyperlipidemia, diabetes mellitus, alcohol, poor physical
activity, stress, or non-modifying: age, sex, race, genetic
inheritance. Correction is possible only in modifying
factors.

Subjects with hsCRP levels higher than 3 mg/L were at
12.05-fold significantly greater risk for coronary disease
than subjects with hsCRP levelslower than 1 mg/L.

Our resultsarein agreement with those reported
by Kiechl et al. (2001) (9), where the association between
chronic infection and risk for onset of atherosclerosis
wasincreased by higher CRPlevels(>1mg/L). Inthestudy
conducted by Gattone et al. (2001) (3) concomitant
seropositivity for C. pneumoniae and CMV was
associated with increased CRP levels and risk for
myocardial infarction. Today atherosclerosisisrecognized
asaninflammatory disease (Ross, 1999) (17) and several
prospective studies have shown that CRP is a strong
independent predictor for future coronary events (Rifal
& Ridker 2001, Ridker et al. 2002) (15, 16). Subjectsin our
investigation with hsCRP levelsranging from 1.1 mg/L to
3 mg/L had a4-fold increased risk for coronary disease
compared to subjects with hsCRP levelsless than 1 mg/
L. On the other hand, subjects with hsCRP levels higher
than 3mg/L had a7.4-fold significantly increased risk for
coronary disease compared to subjects with levels less
than 1 mg/L.

Several theories advocate for the direct effect
influence on the contact with microorganisms.
Microorganisms have the ability to bind to the endothelial
cells' plasma membrane, penetrating into the cells,
damaging them and altering their functionality.
Microorganisms that have already entered into the

Table6. Logistic regression analysis (Binary logistic regression) for ACS

Risk predictors Univariateanalysis
OR 95% CI

hsCRP

hsCRP (1) 4.070 1.252 13,243
hsCRP (2) 7.410 2.635 20.837
cHeat-Shock 1.8 0.455 7.127
IgA 10.714 1.352 84.925
1gG 1673 0.729 3.837

* Sig. Dependent variable: healthy/ACS patients
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endothelial cellsmight stay in alatent shape and might
be reactivated during endothelial injury. It isbelieved
that they increase the accumulation of smooth muscle
cells and change the cellular lipid metabolism.
According to another theory, microorganisms
contribute to endothelial damage by realizing toxins.

Diagnosis of infection caused by C. pneumoniae
is established with serologic tests for detection of IgM,
IgG and IgA specific antibodies with the
microimmunofluorescence (MIF) or ELISA test.
Identification of C. pneumoniae -specific DNA is
performed with PCR- reaction. MIF, the test we used in
thisinvestigation, isthe most sensitive and most specific
test since it enables differentiation between active and
past infection according to the detected antibody class
(5). Positiveresultisconsidered if thereisa4-foldrisein
specific antibody titers (1gG>32, IgM>16, IgA>16) (5).
Detection of IgA class correlates with chronic infection

In our investigation positivity for specific
chlamydial 1gA antibodies found in ACS patients
significantly increased therisk (for 10.7 times) for acute
coronary disease.

Several studies support the theory that elevated
IgA antibody titers are abetter marker for C. pneumoniae
chronicinfection than the 1gG antibody titers. IgA titer is
more strongly associated with CHD and is an increased
risk for further coronary events (Saikku et al.1992,
Miettinen et al. 1996, Mayr et al. 2000, Kiechl etal. 2001,
Danesh et al. 2002) (18, 11, 10, 6, 2).

Persistent infection of the microorganism leads
to chornic stimulation of inflammatory factors, the
concentration of acute-phase reactants is increased as
well asfactor 11, which are known predictors of CHD.

Two theories suggest an association between
C. pneumoniae and CHD. The first theory takes into
consideration production of chlamydial
lipopolysaccharideimmune complexes (8, 9) that aredue
to chronic Chlamydia infection. Circulating immune
complexes may be responsible for tissue injury. The
second theory explores intracellular capability of C.
pneumoniae and its detection in coronary atherosclerotic
plagues(19, 7, 12, 14, 1, 13. Microorganismincorporation
into macrophages may result in chronic infection of
atherosclerotic lesion thereby contributing to onset of
atherosclerosis.

Conclusion

Our results have shown that increased 1gA
antibody titersfor C. Pneumoniae, increased CRP values
are predictorsfor coronary events, especially when their
levels are persistently increased and not transitory.
Coronary risk isassociated with increased antibody titers
andincreased CRPlevels. In conclusion, chronic infection
and autoimmunity are associated with cardiovascular
events in the examined subjects.

10.
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Abstract

Capillary liver hemangiomaisafrequent finding during routine ultrasound examination, while hemangioma
withfocal cirrhosis, inaform of isolated liver tumor israther rare. Thefinding of pedunculated liver tumor morphologically
defined as a combination of cirrhatic liver tissue surrounding capillary hemangioma, is aunique case in our clinical
practice.

A case of 44-years-old female patient, with eft liver lobe tumor incidentally found by ultrasound, is presented.
The unexpected microscopic finding of cirrhotic tissue in the tumor specimen obtained with fine needle biopsy under
ultrasound control, was confirmed by second biopsy. Because etiological, clinical and biochemical findings supporting
the diagnosis of cirrhosis were absent, another fine needle biopsy of the right liver lobe was performed, revealing a
normal liver histology. Since contrast enhanced Computed Tomography (CT) confirmed the presence of pendulous
tumor, the patient underwent abdominal surgery and tumor resection. Histological analysis of surgical specimen
revealed the presence of capillary hemangioma surrounded by cirrhotic liver tissue.

The presence of liver tumors can be easily detected by “imaging methods” such as ultrasound and contrast-
enhanced CT, but only biopsy specimen can determinethereal nature of thelesion. Microscopic finding obtained from
operative specimen compared to histological finding of specimen obtained by percutaneous fine needle biopsy is
superior in determining the diagnosis of focal liver lesions.

Keywords: liver tumor, focal cirrhosis, FNH, capillary hemangioma, histology

Introduction

The hepatic hemangioma is the most common
benign tumor of theliver with the prevalence of 5-20%[1].
Hepatic hemangioma can occur any time, but it is
considered as most frequent in peopl e between their 30s-
50s; women are more affected then men (60-80%). Inthe
etiology of hemangiomas vascular malformations are
thought to be the major problem, although correlation
between hemangioma genesis and female hormones has
been described, but disputed.

Hemangiomas are usually an incidental finding
during imaging study of the abdomen performed for other
reasons, and they cause no symptoms except the large
ones (>5cm in diameter) which may cause mechanical
complaints or coagulopathy [2, 3]. Most hemangiomas
are small and dueto absence of malignant transformation
require no treatment. Sometimes follow-up is al that is
advised.

Focal cirrhosisis described as a different entity
among numerous focal lesions which can be detected in
liver parenchyma. This lesion can occur in both sexes,
usually solitary, but also multiple lesions can be found,
varying in diameter from few millimeters to several
centimeters. Focal cirrhosis has been most frequently
recognized by the surgeons as an incidental finding at
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laparotomy, with completely normal appearance of the
residua liver parenchyma. It has been discussed that it's
a peculiar reaction of the liver to the injury, or it might
have been congenital in origin. In one study single or
multiple hemangiomas were detected in addition to the
solitary cirrhotic nodule[4]. Recently focal cirrhosishas
been described asfocal nodular hyperplasia(FNH) of the
liver parenchyma, but with still controversial pathogenesis
of thelesion. It has been suggested that vascular anomaly
preceded the development of FNH in terms that atrophy
occurred in poorly perfused areas, with secondary
development of nodules in well-perfused areas. More
evidence suggested the role of oral contraceptives and
endogenous estrogens in the growth of FNH [5, 6, 7].

The clinical importance of focal cirrhosis
distinguishes this entity from solitary malignant hepatic
masses, such as metastatic nodules or primary
hepatocel lular carcinoma (HCC).

A casereport

A forty-four-year-old woman referred to
Gastroenterology outpatient department, complaining of
alergy and an occasionally mild abdominal discomfort.
She had no history of acohol or drug abuse (including
oral contraceptives), neither any positive physical
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findings. She has already been through numerous
examinations, but no exact reason for her condition was
revealed. Routine blood testing, liver and renal functional
biochemistry, abdominal ultrasound, as well as different
allergy testswerein normal range.

During repeated ultrasound examination, solid
tumor mass 5 cm in diameter wasfound pending from the
left liver lobe. The patient was admitted to the hospital for
determining the diagnosis. Fine-needle aspiration biopsy
of the tumor was performed under ultrasound guidance.
Histology revealed four pieces of hepatic parenchyma,
containing connective tissue and chronic inflammatory
infiltrate, aswell ascholangiole proliferations, surrounding
hydropically degenerated hepatocytes arranged in
nodules. Biopsy finding suggested a cirrhotic process.

Regarding patient’s general condition and
absence of clinical and biochemical signs indicating
cirrhosis, she underwent several more tests. Serological
viral markers for hepatitis B and hepatitis C, as well as
immunological screen (anti-nuclear, anti-mitochondrial,
anti-smooth muscle, anti-LKM antibodies) were negétive.
Serum iron and copper levels were in normal range.
Gastroscopy excluded any signs of portal hypertension,
while colonoscopy revealed a small pedunculated polyp
(lessthen 1 cm), which was removed during the procedure.
Tumor markers(Alfa-1-fetoprotein, CEA, CA19-9, CA-125,
CAT72-4) werein normal range. Finally, contrast enhanced
computed tomography (CT) was performed. The CT
finding confirmed the diagnosis of |eft liver lobe tumor.

Fig. 1. CT scan of normal liver parenchyma

Fig. 2. CT scan of pedunculated |eft liver |obe tumor

In order to exclude any histological mistake, a
second fine-needle biopsy of the tumor and afine needle
biopsy of the right liver lobe were also performed. The
biopsy specimen from the tumor confirmed the diagnosis
of cirrhotic liver, while the biopsy from the right lobe
revealed anormal hepatic parenchyma, and this added to
the diagnostic dilemma.

Atypical presentation and difficulty in diagnosis
has made mandatory surgical exploration and resection
of the lesion. The patient was transferred to the surgical
department and during open surgery, except tumor,
pending on massive tissue pendulum from the third liver
segment, otherwise completely normal hepatic
parenchyma was seen. Surgical resection of the third
segment together with the tumor was made.

The macroscopically delivered pathological
specimen tagged as“ part of theleft lobe” was 7.5 x4.5x4
cmin diameter. Part of the specimen revealed hemorrhagic
zone 4x4 cm in diameter, whilein therest of the tissue a
nodular structure of hepatic parenchyma was expressed.

Fig. 3. Macroscopic appearance of surgically resected
tumor
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Fig. 4. Macroscopic appearance of focal cirrhosis (FNH)

Fig. 5. Macroscopic appearance of capillary hemangioma

The microscopic examination of the part
described as hemorrhagic zone, depicted typical
architecture of capillary hemangiomabuilt fromamultiple
vascular channelslimited by asingle layer of endothelial
cells.

Fig. 6. Microscopic appearance of capillary hemangioma
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The microscopic examination of the part described as
nodular tissue reveal ed a hepatic parenchymaconsisisting
of porto-portal and centro-portal fibrous bridging,
surrounding hyperplasic hepatic nodules. Chronic
inflammatory infiltration accompanied by small bileducts
proliferation in portal spaces, was also expressed. The
finding wastypical for liver cirrhosis.

Fig. 7. Microscopic appearance of focal cirrhosis with
fibrous septa and regenerative nodules

Our patient left the hospital uneventful, and came
on aroutine control amonth later, in excellent condition
with normal biochemistry and ultrasound findings.

Discussion

Hemangiomas are the most common benign liver
tumors and may present as solitary lesions, or multiple
only in 10% of patients. Hemangiomas are commonly seen
at posterior liver segments, mostly in peripheral and
subcapsular locations. Classified as small (capillary), or
large (cavernous) vascular spaces, sometimes showing
hyalinization and calcifications inside, they have no
malignant potential. Hemangiomas can be easily
diagnosed by imaging modalities, starting with real-time
ultrasound, contrast-enhanced CT and Magnetic
Resonance Imaging (MRI) (specificity of 90-100%,
sensitivity of 90%). Technetium-99m labeled red-blood
cells scintigraphy can be diagnostic for hemangiomas
larger than 2 cm. Percutaneous biopsy isconsidered when
the results of non-invasive test are inconclusive.
Histology revealslarge vascular spaceslimited by asingle
layer of endothelial cells of awell-defined tumor. Blood
flow insidethese channelsisextremely dlow which explains
the absent signal on color-Doppler ultrasound imaging
[g].

Liver hemangiomasaredivided in three groups:
small (<1.5cm), medium (1.5-5cm) and large (>5¢cm) sized.
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When small, they are usually asymptomatic, medium and
large can cause symptoms, pain due to capsular stretch,
infarction, or from pressure on adjacent structures such
asthe bowel. Bleeding or rupture of hemangiomacan also
occur. However, the treatment of large hemangiomas is
still a matter of debate, except when they cause
consumptive coagul opathy (Kasabach-Merritt syndrome)
whichisan absoluteindication for surgical resection[9,10].

Although liver hemangiomas are easily
recognized with imaging modalities in normal liver
parenchyma, thisfinding becomesdifficult to diagnosein
cases of steatosis or liver cirrhosis. Detection and
characterization of focal masseswithinacirrhoticliveris
challenging for ultrasonographers as well as for
radiologists. The distinction from regenerative and
dysplastic nodules, and especially from primary HCC is
the most important task [11, 12].

Small hemangiomas which are fibrotic or
hyalinized can bedifficult to distinguishin cirrhotic liver.
It has been recently reported that small hemangiomas and
malignant hepatic lesions are difficult to be distinguished
at multiphase helical CT [13,14]. In such cases
percutaneous fine-needle biopsy under ultrasound
guidance should be considered [15].

Focal nodular hyperplasia (FNH) and
hemangioma are benign and generally asymptomatic
hepatic tumors that are increasingly being discovered as
incidental findingswith the use of imaging tests. Recently
in the literature, there is number of reports describing
coexistence of thesetwo kindsof tumorsinthesameliver.
In one study 20% of the patients had FNH with one or
more associated hepatic hemangiomas, while in another
even in 23% of patients association between hemangioma
and FNH wasfound [16, 17].

In our case report, there was an unusual
association between focal cirrhosis (FNH) and capillary
hemangioma. The hemangioma was surrounded by
cirrhotic tissue, which condition aggravated the diagnostic
procedure, leading to necessity of surgical intervention.
Neither imaging procedures, nor percutaneousfine-needle
aspiration biopsy could provide accurate diagnosis.
Surgical excision of the tumor mass and patohistology
from the specimen were mandatory for providing
diagnosis.

Knowledge and recognition of this association
is important, because the presence of liver masses with
variableimaging characteristics sometimes can befalsely
interpreted, which may potentially lead to inappropriate
further evaluation and therapy.

However, resection of presumed benign liver
tumors is justified, especially when preoperative
diagnosisisnot firmly established [18].
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Abstract

Previous studies have shown that follicular cysts are the most frequent cystic lesions around supernumerary
teeth. Most often (in more than 90% of cases), they develop around the crown of a mesiodensin the upper jaw.

Follicular cystsmay grow to alarge size before they areidentified. Most are diagnosed upon investigation of
a tooth that has failed to erupt, or as an incidental radiographic finding, as they are usually not painful unless
secondarily infected. Many patients first become aware of the cyst as aslowly enlarging swelling.

The purpose of this report isto describe acase of alargefollicular cyst located in upper jaw with mesiodens

init.

Anyway, the most applied approach for the surgical removal of follicular cystsisenucleation of theentire cyst
including both the epithelial layer and the capsule and removal of the associated tooth with appropriate management

of the resultant dead space.

The prognosis for most histopathologically diagnosed follicular cysts is excellent, recurrence being arare
finding. In al dentigerous cysts, the microscopic features must be determined, to rule out its transformation in an

amel oblastomaor, to squamouscell carcinoma.

Cooperation of adentist, an oral surgeon, a pathologist, and other specialists can lead to early diagnose and
prevention of further growth of afollicular jaw cyst, thus preventing substantial bone damage.

Key words: follicular cyst, mesiodens, therapy

Introdaction

Anomalies in tooth number, in which qualify
hyperodontiais aresult of increased proliferation of the
tooth bud and is often hereditary during development, or
the enamel organ divides into two or more parts during
development [1].

Supernumerary teeth may have atypical shape
with all morphological characteristicsof normal teeth (dens
supernumeratus) or an atypical shape, such as the
rudimentary remains of thetooth bud (dens accessorius).
Most frequently supernumerary teeth arelateral incisors,
the third premolar (parapremolar) and the fourth molar
(paramolar) [2].

Of all atypical supernumerary teeth, the most
frequent is mesiodens. It may be of different shape, but
most oftenisconical [3].

In certain cases, where the supernumerary teeth
are located deep (high) in the alveolar ridge and do not
jeopardize the eruption and sequence of permanent teeth;
they may stay undiagnosed for many years. |n these cases,
they are usually diagnosed by chance, during an X-ray
examination for other reasons or when they cause certain
complications[3].

Previous studies have shown that follicular cysts
are the most frequent cystical lesions around

supernumerary teeth. Most often (in more than 90% of
cases), they develop around the crown of amesiodensin
the upper jaw [4, 5].

In terms of involved tissues, odontogenic cysts
can be designated as follicular cysts, which enclose the
crown of an unerupted tooth by expansion of its follicle
and are attached to the neck of the tooth [6].

Usually, follicular cysts beginto develop through
an accumulation of fluid between the remnants of the
enamel organ and the subjacent tooth crown shortly after
complete formation of the crown [7].

The expansion of follicular cystsisrelated to a
secondary increase in cyst fluid osmolality as aresult of
passage of inflammatory cellsand desquamated epithelial
cellsinto the cyst lumen [8].

Follicular cysts may grow to alarge size before
they areidentified. Most are diagnosed upon investigation
of a tooth that has failed to erupt, or as an incidental
radiographic finding, asthey are usually not painful unless
secondarily infected. Many patients first become aware
of the cyst asaslowly enlarging swelling [9, 10].

Radiographically the cyst appearsin association
with the crown of unerupted tooth as well defined
unilocular pericoronal radiolucency with awell corticated
sclerotic margin, unless it becomes secondarily infected
[11].
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Thehistological features of follicular cysts may
vary greatly depending mainly on whether or not the cyst
isinflamed. In the non-inflamed dentigerous cyst, athin
epithelial lining may be present with thefibrous connective
tissuewall loosely arranged. Intheinflamed follicular cyst,
the epithelium commonly demonstrates hyperplastic rete
ridges, and the fibrous cyst wall shows an inflammatory
infiltrate[12].

Different variants of the dentigerous cyst have
beenidentified including the eruption cy<t, lateral follicular
cyst, and theinflammatory follicular cyst [13, 14].

The follicular cyst may enlarge and extend
posteriorly to involve major portions of the ramus, or
anteriorly into the body of the mandible to involve roots
of adjacent teeth. It can also expand into the antrum
displacing involved teeth posteriorly or toward the orbital
floor [11].

The purpose of this report is to describe a case
of a large follicular cyst located in upper jaw with
mesiodensinit.

Casereport

A 17 year old mail patient came to the Clinic of
oral surgery by the University dental clinical centre“Sts.
Pantelejmon” in Skopje by suggestion of his dentist.
Patient reported pail from the right palatal side of the
maxilla for a period of few days. Intraoral clinical
examination revealed sing of soft tissue swelling with
cortical plate expansion from the palatal side of the upper
jaw in region from papillae incisive to canine (Fig. 1).
Luxation of theright lateral incisive was observed.

Fig. 1. Intraoral finding from the palatal side of the
maxillee
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Diagnosed orthopantomograph X-ray showed a
large, circular well-defined and unilocular radiolucent are
surrounding the supernumerary tooth localized between
central and lateral incisor of theright side of the maxillae

(Fig. 2).

Fig. 2. Orthopantomograph X-ray (black pointer shows
the dimension of the follicular cyst and the red pointer
shows the supernumerary tooth)

The apices of the first and second incisive and
canine appeared to project into the lumen of the cystic
cavity, and they were not resorbed.

Theclinical and radiological examinationimplied
that, most probable, this was the case of afollicular cyst
developed around the mesiodens.

There was a negative family history of dental
anomalies or craniofacial, dermal or skeletal
dysmorphologies.

After curing the primary inflammation with
ordination of the antibiotics the surgical removal of the
cyst was done.

According to the X-Ray and because of the
localization of the prominence from the palatal side of the
upper jaw, surgical approach was made fromthisarea. In
local anesthesia, mucoperiosteal flap was made from the
papillae of maxillary first premolar of theright sidethrough
the margo gingivae of the canine, lateral and central
incisive, avoiding papillae incisive and crossing contra
lateral sideuntil lateral incisive. Therewasaresorbtion of
the palatal bone dueto previousinflammation of the cyst.
When mucoperiosteal lambo was lift, cyst and the
supernumerary tooth revealed.

The cyst was completely detached from the bone
and removed in asingle piece together with the mesiodens
through the cavity made with osteotomy. After this
mucous membrane of the nose floor was show (Fig. 3, 4,
5).

After theremoval of the cystical sac and wound
debridement, large defect wasfilled with bone substituent
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Fig. 3. Removed mucoperiosteal lambo with reveal ed
and detached cyst from the bone with supernumerary
tooth in it

abile e M fry

i

Fig. 4. Supernumerary tooth (mesiodens)

Fig. 6. Bone substituent (BioOss) filled the cystic cavity

(BioOss) in order to enhance bone restoration (Fig. 6).
Theflap wasrepositioned and sutured with single sutures.

After surgical removal, the material for
pathohistological analysis was sent for analysis to the
Institute of Pathology of the Faculty of Medicine,

University St. Ciril and Methody in Skopje.

Macroscopic examination showed existence of
cystic formation with dimensions 2 x 1.8 cm and thickness
of thecyst wall of 0.2 x 0.3 cm, with present mesiodens. In
the cyst lumen, granular necrotic cell debriswas noticed.
In four slices, the material was histopatologicly
examinated.

According to microscopic intersections, the cyst
wall showed edematous connective fibrous tissue,
covered with multilayer flat cell epithelium. In some parts
the epithelium was papilomatous proliferated, with mucoid
changes of the stroma and rare lymphocyte infiltration,
plasma cells and macrophages filled with haemosiderin
pigment from previous haemoragie. The periphera lining
was with few bone trabecules. The histopathological
examination corresponds with monolocular follicular cyst
inthemaxilla

A standard protocol was conducted
postoperatively, with cold compresses, antibiotic
coverage, mushy food and adequate oral hygiene. The
sutures were removed after seven days.

Radiographic examination a month after
extraction revealed the circular radiolucent area had
become smaller and that new bone had formed (Fig. 7).

Fig. 7. Control orthopantomograph X-ray made after one
month of intervention

Disscusion

Many follicular cysts are small asymptomatic
lesions that are discovered serendipitously on routine
radiographs, although some may grow to considerable
size causing bony expansion that isusually painless until
secondary infection occurs[8, 15].

These cysts can grow to very large size and can
cause displacement of teeth, or infew casesit may remain
relatively small. Theagerangevarieswidely, from5to 57
years[12, 16].
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Research of Sarac Z et al. [17] showed that
follicular cystswere diagnosed to almost the same number
of male and femal e patients, so the opinion that afollicular
jaw cyst occurs more frequently in male patients was not
confirmed.

Follicular cysts, which occur in children, grow
much faster. The larger the cyst gets, the smaller is its
annual growthin diameter [18]. Tenyearsisrequired for a
cyst to grow two centimetersin diameter [6].

If aradiolucent cystic lesion is discovered, then
prompt referral for assessment and early surgical
intervention iswarranted. If it is hoped that the tooth will
erupt, then marsupulization of the cyst may be appropriate.
Thiswill alow free drainage of the liquid content of the
cyst, shrinkage of the cyst sac, and new bone formation
[19.

When supernumerary teeth cause some
orthodontic anomalies, it is necessary to extract them as
soon asthey are diagnosed. They are removed surgically
and, in the case of a mesiodens, it is usually a simple
intervention with apalatal approach, wherethe mesiodens
ismost often located [20].

However, if thetooth is located extremely deep
(high) so that it jeopardizes the eruption of permanent
teeth and their location in the dental arch, and the
extraction might be accompanied with certain
complications (the injury of adjacent erupted and
unerupted teeth, nose, a large bony defect), then this
intervention is delayed until adulthood. The reason for
the delay is the fact that these interventions are stressful
for children and they should be avoided, if unnecessary.
It isadvised to make control X-raysinregular intervalsin
order to detect cystical formations around such teeth or
root resorption of adjacent teeth. In the event of these
complications, it is advised to undertake a careful
extraction with an adequate approach in order to preserve
adjacent teeth and bone. The approach depends on the
sizeand localization of the cystical lesions, aswell asthe
condition of adjacent teeth and patient’s age. Larger
defects may be filled with any of bone substituents in
order to enhance prosthodontic rehabilitation [3].

Anyway, the most applied approach for the
surgical removal of follicular cystsis enucleation of the
entire cyst including both the epithelial layer and the
capsule and removal of the associated tooth with
appropriate management of the resultant dead space[20].

Large follicular cysts may be treated with
marsupialization when enucleation and curettage might
otherwise result in neurosensory dysfunction or
predispose the patient to an increased chance of
pathological fracture[15, 21, 22].
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If follicular cysts remain without appropriate
treatment, they can becomeincreasingly largein sizeand
continue to expand uninhibited. This makes future
management strategies more complex, increases the risk
of pathological bone fracture, and compromises adjacent
dento-alveolar structures. Follicular cysts appear to have
a greater tendency to cause root resorption of adjacent
teeth compared to radicular cysts or odontogenic
keratocyst [10]. Thismay be derived from the potential of
thedentd follicle, fromwhichthe cyst originates, to resorb
the roots of the deciduous teeth [23].

Transformation of the epithelia lining of the cyst
into an ameloblastoma is also possible, as is rare
carcinomatoustransformation [24].

Itiscrucia thenthat theclinician fully investigate
all teeth that fail to erupt at the expected time, and promptly
initiate appropriate assessment and management of
suspected cystic lesions [11].

If asupernumerary tooth isleft undiagnosed and
untreated in atimely manner, it may, in older age, cause
various complications and prevent an adequate
prosthodontic rehabilitation [3].

The prognosis for most histopathologically
diagnosed follicular cystsisexcellent, recurrence being a
rare finding. In all dentigerous cysts, the microscopic
features must be determined, to rule out itstransformation
in an amel oblastomaor, to sqguamouscell carcinoma.

Cooperation of a dentist, an oral surgeon, a
pathologist, and other specialists can lead to early
diagnose and prevention of further growth of afollicular
jaw cyst, thus preventing substantial bone damage.
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