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Cadavers were collected from the Forensic Medicine Unit of Kirkuk and Tikrit
Teaching Hospitul between October (2012) 1o Decomber(2013) Twenty Irng male nevnile
cadavers with age ranging from 0-28 days were obtained to study the hiswlogical features of
iheir spinal cord.

Lamincetomy of the cadavers and dissecting the meninges were performed. The
cords were immersed in 10% formalin for handened and footon, Hisiologeal stdy showed
the cross section arca of the neonate spinal cord wus enveloped by thin layer of pla matier
and soparated from under lying white matter by sub pual gpace .

The white manter divided inte three regions anicrior, lateral and posterior foniculua:.
White matter consisted ol a large number of longitudinul nerve fibers, the diameter was range
from4-10pm), and blood capillary dismeter (514 pm) ond dark glial eells{2-6 pm), which
produce & myclin sheath arsund the nerve fibers to give supponing and isolating the fibers
from each other, The largest number of longiudingl nerve fibers present in the anteniar
funigulw of white mattéer,

The griey matter shape was similar (o the (H) letier, and  consisted of anierior and
pusterionr homs connected with transverse gray commissare and contained circalar to oval-
shaped central canal which was surrounded by o single row of 70-100 cclls  long cilinted
colummr  ependymal cells. The contral cunal fength and width were 23.6 and 153.7pm
respectively. The gray matter consisted of different sizes of neurons with diameter ranged
fromi 7-22 wm). The largest number of neurons were found in the cervical region | followed
by the lumbar, thorackc and then sacrl sepment, Amultipobae pyramidal) nearons with round
nucleus, the cvioplasm and dendrites containing smull dark Nissl body, whereas the hillock

g axon lack from Nissi substance, were nlso clearhy seen in the section

—

Bntrndn:tiud

divided 0 1o 31 sepments. Each

Tli: human spinal cord iz 4
miajor part of the central nervous
system  (CNS)  lodged in the
foramen miagnum al the base of
the bram 1o a point in the lumber or
gacral vertebrag, depending on the
species and considered (o be one of
the smportant organ in the our
bodyl | 1. The spinal cord is the only
part of the human cenlnl nervous
system that has an  exvernal
scgmenial organization; which

spinal

segment contans o parr ol ferve
roots called the dorsal (sensory)
and the ventral

(motor) roots which travels through
the inmterveriebral foramina  of
vertichral column2) The spinal
cord (Medulla Spinals) silwated
within the vertebral canal of the
verighral column i1 18 surrounded
by three meninges; the durn mater,
the arachnoid mater and the pia
maiter. The spinal cord is divided
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Histolegical and histometrical measurement study on human newborn spinal cord,

e itermally  gray  maierlH
shape)  and  perpherally  white
matter, The central canal filled with
cerebral spinal Muidi{CSF), as well
as the subarachnoid space which
provide further protection  with
meninges 1o the spmal cord.(3.4)

Materials and Methods

Neonates without any  congenital
cramo - veriebral catasirophes  were
selected for this study. Laminectomy
was performed to open the vertebral
canal from bchind to approach the
necnute spinal cord. The present study
the involved the histology of nconate
spinal cord bazed on post-mortem study
of transverse section of each segment o
obtan  the  pormal aml  pocurpte
mensurements.  This included  length,
trunsverse wnid sugittal section ol each
segment. The central canal of the four
regions of neonate  spinul  cord
cervical{C) thoracie( T) lumber(L)  and
sacral(S)  were  included i the
measurements. Measurements were also
meluded  the shape and number of
neurons, glial cells and nerve fibers, the
shape of anteror and posterior gray horm
m each segment (3,6)

Laminectomy was  performed by
dissecting the back and the spinal cord
of cach neonate cadaver were rapidly
removed then cleancd from the fat and
meminges using scissors and forceps.
Each specimen of the spmal cord was
divided in 10 lour parts cervical (C),
thoracic (T) , lumber (L) and sacrum |
L), s ecach part was sectioned with a
raizor blade mio Smm length of cach
prece . Each tssue fragment was the
subjected 1w the followmg procedure
(7.8)

Fixavon m 10% f(ormalin | then
processed for hestological procedures
and Spm thick sections were oblained
and suuned. using three stains  as
tollows:- Haematoxylin Eosm (routing
stam ), Bielschowskys - Silver PAS stain

and  Toludine  blue  sain  (special
stamns).(9,10)

The slides were used for descriptive
und  histometrical stody  using light
microscopic  (Olympus and  dissection
light microscope), with 40 ohjective
lens and ol immersion 100x , all thar by
using, micrometer type calibrated stage
(Olympus) and calibrated ocular lens
{Retchert] (7.9) was used for the
MEASUrEmEnts,

I. Descriptive histology:

The microscopic  investigations of
trangverse sections laken from neonate
mvolved the morphometric  and
descriptive hiswology., The spinal cord
wiis covered and closely adherent with
very thin trunspurent  membrane
composed of  loosely  arranged
conneclive tissue called pia mater. The
thickness ranged from 2 - § pm |, which
sends o thick vertical or fongitudinal
prolongation  fold to the bottom of the
anterior median fissure . Also the pia
mater scparate from spinal cord and
form subpial spaces which contained a
bundle of fibers and longitudinal blood
vessels which form the sub pial plexus
blood vessels, and the diameter of
anlerior spinal artery ranged from 5 - 20
pim are seen in Figure (1),

The substance of whitc matier
contains  profuse longitudinal
arrangement  of  myelinated  and
unmyelinated nerve fibers ( ascending
and descending  tracik),  with
transverse dumeter mngmng ( 4 - 10
myi ) under high magnification (100x)
i the four segments (C, T, L oand §)
(Figure 2}, Morcover, in the cross
sccion of white matter the myelin
sheath was completely surrounded the
tramsverse  and longitodinal  nerve
fibers and splits the nerve fibers from
each other. Under high magnification
the glinl cell (oligodendrocyres cell)
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prodiced  large  amounts of  thm
processes or fibers of myehn sheath
around the nerve fibers ( Figures 3).
As well as, it shows a lurge number of
different shape and size dark color of
neuroglin cells anging from { 3- 8 mp)
present around and attached 10 the
nerve fibers and around continuous
blood capillary which lined with dark
flattened elongnted endothelal cells in
witll of capillaries. The diametler of
perfornted  blood  vessels  capillary
ranged from (5 - 14 mp)  which
traversed the subpal space 1o enter
deeply mside the white matter then
distributed m gray matter substance,
the penetrated capillary  surrounded
by thin layer of pin matier as seen in
(Figure 2 )

In this study showed small branches
of blood wvessels from pial plexus,
similar to brunches from antenior spinal
artery enter the white and gray matter
of spinal cond and carry with them an
adventitial  connective-tissue  sheath
derived from the pia mater, this
inchicated that the pia mater can be &een
mside the substance of the spinal cord
with blood in (Figare 4).

The present study shows the gray
malter is located centrally or deep 1o the
white mater and forms an H-shaped or
butterity mass; the gray mater formed by
two homs connecied centrally by gray
commissure with a mean  vertical
digmeter  thickness range of  four
segmenis were 31,72 6.23 um { Figure5i

The gray matter subsiance was seen
densely packed with newron  cell
bodies and glial cell. The oeurons
showed several vanmability in shapes
(i.e.  fusiform, mangular  and
polygonal) und size (large. mediom
and small}, with cell size ranging from
(7-20pm). Generally  the  largest
neuragns found in the antenior group
than the lateral group of ventral horns
i cervical and lumber regions than the
thorscic and sacral segmenis. The

antenor hom nerve cells are generally
well-differentiated (Figure 3), while
the neurons i the mtermediolaternl
regioms  are  smaller, slender.  and

frequently bipolar Figure &),

Furthermore, externally the large
and medium stee neurons i the
venirul hom of gruy matter has
apparent  dendrites  and  axon.
Whereas  intemnally  the  neuron
possesses round large nucleus, dark
prominent  nucleolus  and s
cyloplasm are cxtremely nch in
basophilic Miss! substunce which
arranged  around the nucleus and
extend inside the dendrites while the
hillock and axon are deficient a
Nissl substance ,whereas the smmll
dark supporting cells i gray and
white miter are rich and was found
in close contact with the cell body
of neurons or with their processes,
also interposed between each neuron
and the blood capillanes and around
the nerve fibers (axons) ( Figures 6
and 7).

Furthermore, the traversed
centrally  gray commussure  was
occupied by a small rounded or
oval shape foramen called central
und canal was opened in all spinal
sepments which mclude cervical
(C), thoracie (T), lumber (L) and
sacral (S)The mean (TANSVETSC
dismeter ol central canal  was
rnged 23,6322 85um in the four
segments. The central canal  was
lined with continuous single layer of
cilimted  columnar — epithelum ol
ependymal  eells  with  different
shapes and sizes and s nucler was
elongated shape generally placed in
a ceniral position of ependymal cell
and lomg axiz of nucleus was
vertical reach 1o the luminal surface
of the cell, In addition, the central
canal contmng cercbrospinal  fluid
(CSF) as seen in (Figure 9). Also,
under the high magmfication of
digital camera revealed a small, thin
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and abundan processes microvillus
projected from the apical surface of
columnar epuihelia toward the lumen
ol central canal { Figure 10),

Il. Histometrical measurements -

I.Transverse and Sagiital dizmeter

of neonate spinal cord:-

The statistical analysis of ransverse
and sagitial (veriical) diameter of
these resulis revealed a non significant
(P=0.05) wvarimtions found between
segments (C and L)while, there was
significant  difference  (P<0.05) was
found between (T amd S) segmenis,
aso a sigmificant (P<0.05) variation
found between (T) segment and the
segments T and L of neonate spinal
cord  Additionally, 2 sinificamt
{(P<0.05) wvariation was found when
the {C and L) segments was compared
with the (T and 5 ) scgments {Table |
b

2. Transverse aund  vertical

diwmeter of central canal -

The  transverse amd  vertical
diameter of central canal revealed of
observible differences correlated o
segments.  The mean  values  of
trinsverse diameters of central canal in
the four segments C, T, L and 5 were
24 48+ 1.55 pm, 2198+ 228 pm,
2128+ 179 pmoand 2084+ 1.05 pm
respectively. While veniical diameter
of the central canal mn the wbove
segmenmts were 1538+ 157 um,
1640+ 095 pm, 1592+ 1.92 pm and
1326 +0.8] pm  respectively (Table

Z).

The staustical analysis of transverse
diameter revealed of no  significani
(P=0.05) varations between T and 5
scgment, while there wils
significant{P=0.05) vanations between
C and L segments, There was
significamt(P<0.05) variations when C
and L segments compared with T and

5 segments. In addition, siatisiical
analysas of vertical diameter of central

canal ., showed no  significant
variations  (P>0.05) wmong  all
segments{C.T.L and § ) of neonate
spinal cord.

3. Number of longitudinal nerve fiber in

white matter of neonate spinal cord:
The statistical amalysis of the ol
number of longitudinal nerve fibers in
anterorateral and posterior funiculbui
ol neonate spinal cord revenled of no
significant vanations {P>0.05) between
anterior and  laternl  funicului, while
there  was  significant  vanations
(P<0.05) between the wnterior and
posterior fumiculur and between the
lateral  and  posterior  funicului  of
neonate spinal cord (Table 3).

4.Numher of Nerve cell in grav matter

of nesnate spinal cord :-

The  siatistical analysis
correlation  between the number of
newrans m right and lefi gray horms
of cross - section of the four regions
of neonate spinal cord showed no
significant  varmations  (P>0,05)
between | C and L ) segment |, while
there was  significant  reduction
{P=0.0U5) in number of neurons in | T
and 5) compared with (C and L)
segments.  There  was  highly
significant  difference (P<0r01)
between segment (S and C) in both
colummns of nght and left homs in
gray matler of nconate spinal cord
{Table 4 )

Concerming, the towal number of
neurons in four segments{region ) { O,
T, L and 5) of neonste spinal cord
statistically showed  there was no
significant (P=0.05) vanations{C and
L} segments, while there was
signtiicant{P<0.03) difference among |
T, Land S) segments. also there was
highly significant difference (P<0,01)
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between (8) und ( C and L) in the
same column of ngonale spinal cord.

Discussion

Microscopical examimation showed
that the outer surface of spinal cond
was covered by mnermost laver of pia
matter which was s very thin
continues  layer of fibrous tssue,
Addiionally, the sobpial  spuce
situated between the pia matter and
outer surface of spmal cord (white
matter), which contams bundles of
collagen  fibers surmound the spinal
cord, and separates the pin mater from
the neural tissues of the neonate spinal
cord. The pia matter reflected and
surrounded the  aneries which
traversed the subpinl space and
penetrale the spmal cord deeply, first
and foremost supply of white matter
then gray matter arca, as well as the
arterinl branches from subpial plexus
enter the white matier o1 nght angle,
s the pia  matter  produced
longitudinal  vertical median  fold
which contain a single branch of
antcrior spinal artery called central
artery  which  descend  inside  the
anterior median fissure then reaches o
anterior while commissure, where it
diverge to the left side and vertically
to enter the gray matter of the spinal
cord, This result agree with the
Nicholas et al{11) and Weller, {13)
who stated that the pa  maticr
composed of connective tissue, which
completely surround the spinal cord
and subpial space and contans thack
bundle of collagen fibers, blood
vessels enclosed by laver of pia maiier
which form arterial pial plexus: then
branches of this plexus  enter mside
the white and gray matter substance of
spimnl cord.

The presemt  results agreed with
Lasjaunias et al(13) and Perese et
al(14) who stated that, the gray matter
vascularity distbution and camllary

anastomoses ure greater than the white
matter substance wnd the tvpe of
capillary was contentious type duc to
endothelinl cells found in the wall of
capillanies which disintbute inside the
while and grav matter in transverse
section of spimal cord . The central
arteries leave the antenor spinal artery
singly, nol wm pairs. and, in the depths
of the anterior median fissure, wm
alternately to the right and 10 the lefi,
Furthermore, in present findings, the
diameter of anlenor spinal artery was
ranged from( 5 - 20 pm), while Perese
et al{14) stated that the diameter in the
adult was range from | 2-32 nun). This
difference can be age related.

In present study under the dissecting
microscope (5x) ol the four (C.T, L
and §) scgments showed the largest
vilue of the mansverse and vertical
{sagital) diameters 2644 0,72 mm
and 1.92% 0.7Tmm respectively was
established in the cervical segment and
then become decreased in the thoracie
segment, while in the lumber segment
diamelers  twm o larger.  The
transverse and vertical diameter tum
mnte decreased in the sacral region 1o
1.45+ 078 mm and | |6 061 mm
respectively i neonate spinal cord,
This result s similar to Donaldson ¢t
al (15) and Barson et al (16) they
confirmed the greatest transverse and
vertical  diameters was in the middle
cervical and upper lumber segments,
while the mimimum dimension was
thoracic and sacral scgmemts of spinal
cord, This means that the transverse
and  wverntical  diamecters  shows
significantly{P<0.05) the largesi
mieasurements in the lumber, followed
by cervical _then thoracic and fnally
the sacral region of neonate spinal
cord.

The present results revealed thar the
means and SD of the large number of
neurons was in the cervical and lumber
segments, compared w the thoracic
and sacral segments wihnch conmained
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fewer number of neurons. Statistically
the mumber of neurons in the right and
left ventral and shightly dorsal gray
horns  revealed that there wus no
significant variation {P>0,05) between
the left and nght homs of { C and L )
regions i significant
reductioniP<0.08)  in  number of
newrons in | T and 5) which compared
with  (C and L) regions where us
highly significani difference (P<0,01)
showed between (S and C) regions i
the both columns of right and left
homs of gy matter of necnate spinal
cord. This findings was in agreement
with the findings of Crawi(17) and
Pullen et al (18] where they mentioned
the difference in the number of netiron
was not sigmficant (P>0.05) between
the nght and left side of cross — section
of spinal cord. Furthermore, the total
number of neurons in cervical{ 1 16.0 <
8771 and lumber {(114.80 + G.04)
sepments  were  highly  significamt
difference  (P<D.01) than the number
ol neurons i thoracic (9680 = 7,19 )
and sacral (80.40 + 2.1 ) segments of
nevmate spinal cord {Table 4),

The stausucal analvsis of  tol
number af nerve fibers values showed
no significant  varalions {P=00,05)
between anterior and lateral fumicului,
while there was significant veriations
(P<ILUS) between the anterior (K39 =
1.6%) and posterior (7079 4 7.34)
fumicului and between the  lateral
(799.8 = 6.84) and posterior funicului
as mentioned above. While Zahang et
al {19} and Keen et al (20) mentioned
that m adult spinal cord the number of
longitudinal nerve fibers was greater in
the posterior  funiculus  than  the
anteriolateral  fumicului  of  white
matter,

The transverse diameter of central
canal of four the scgments (C.T, L
and S) was found n the lumber
segment while the small diameter was
m sacral segment of  transverse
section. Whereas the  range of vertical

diameters of central canal of the four
segments was (15 - 16 pm ) and there
wiis no significant variations (70,05}
among the four sepments of neonate
spinal cord. While Nakayuma er al
121} reported that the trunsverse und
vertical dameter of central canal of
adult spial cord was (72 wm and %0
pwm} - respectively, while in presen
study the range of tunsverse wnd
vertical diameter of central canal was
(20 - 27 ym) and (45 - 16 um )
respectively
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Table (1): Means = SD the transverse and vertical diameter in transverse
scction the four segments  of nconate spinal cord.( The area was calculated
per microscopic field 5 x ).

Transverse diameter sagittal diameter of

Segments

spinal cord{(mm) spinal cord(mm)
Cervical (C) 2.64= 0.72% 1.92+0.71"
Thoracic (T) 1.89+ 0.68" 1,32+ 0.85
Lumber (L) 2.25+0.88" .77+ 0.63 *
Sacral (S) 1.45+0.78" 116+ 0.61 *

Table (2); Means = SD of the transverse and vertical diameter of central canal in
tour segments of nconale spinal cord.(The number was calculated per
microscopic Deld 40X ) -

Transverse diameter vertical diameter of

Seements "
central canal(pm) central un:l[nm,‘_l_
Cervical (C) 14.48+ |.55* 15,38+ 1.57°
Thoracic (T) 21.98+ m 16,40+ 0.95 "
Lumber (1) 27.28+ 1.79* 1592+ 1.92"
Sacral (S) 2084+ 2.1*" 15264 0.81"

Tikerit Medical Journo! 2016:21(1):1048-117
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Table (3): Means < SD of the number of longitudinal nerve fibers in anterior, lateral and
postenior fumiculus in transverse cross-section of the four segments . white matter of
neonate spinal cord and shows the correlation between the segments (The number was
calculated per microscopic field, oil immersion 10X ) =

No. of nerve No. of _ | No. uf nerve fibers
Abers fibers in lateral| in pesteriar
Seoments anterior funiculus of white
. o) funiculus of
funiculus of white mistt matter
white matter
§ "::ﬁ':'“' 380.4 £6.44%* | 4087 £7.05%* |  402.1 = 7.30**
LAl 85844780 | 121324207% | 1056£653™

(1)
L RIs 2024+557"| 110.2+563"* 98,8 + S.R6"*
IR 7045400 | 159.6+491% | 1014+513"

Total 839 + 7.69* 7008 = 6.84" 707.9 £ 7.34*

Table (4); Means = SD of the number of neurons in nght and left homs of gray and
matter in four segments of neonate spinal cord and shows also correlation hetween
the segments { The number was caleulated per microscopic field X40 ) ;

No. of neurons in | No. of neurons in Total No. of

ST right horn of gray | left horn of gray neurons in gray

matter matter matier

Cervical (C) 61.20 £ 4.1™ S4.80 £ 31" 1160 =8.77"
Thoracic (T) 51.20 :Irl,li' 45.60 = 4.3 96,80 £ 7,19

Lumber (1) 59,80 + 2.6 55,00 4.4 114,80 £ 6.00"
Sueral (S) 4240 £2.1* 38,00 = 1.6* 80,40 + 2.1+

Fistal 2146 +4.71 193.4 = 4.18 408 £ 1.67
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Fig.(1). Transverse section of neonate spinal cord shows the white and gray
matter, the ventral and dorsal gray homs (VGH) (DGH) and  small Lateral gray
horm(LGH) with the ventral gray(VGC) and white commussure, { VW) adjacent to
the central canal (CC) and the ventral. lateral and dorsal funicului{VF )L (LF) and
(DF) respectively, The dorsal root fibers (DRF) and ventral root fibers {(VRF).The
antenior median fissure (AMF) , dorsal median sulcus{ DMS) und anterior spinal
artery{ ASA) also, subpial space( SPS) can also be seen (H&E, $x).

Fig.(2). Single longitudinal nerve fiber encircled by dark myelin sheath {vellow
arrow ) and small red color glial cells with its centrally red nucleus{green arrow)
in white matter of cervical scgment of neonate spinal cord.i Bielschowskys  Silver
PAS 100X).
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Fig.(3). White matter of cervical segment show the anmterior fumiculus, a  large
sumber of longitudinal myelinated nerve fibets (red arrows ) and plentiful of
small dirk hrown glial cell (black arrows) and blood vessel | vellow arrow ) which
perforate the white matter of nconate spinal cord. (Biclschowskys Silver PAS 40X).

Fig.(4). Contentious blood capillary type lined with endothelial cells(blue
arrow| enter inside the white matter substance. RBCs (yellow arrow ) numerous
small dark support cellsired arrows) with myelinated nerve fibers {green arrow)

(H&E, 40X).
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Fig.(5). The gray commissure (yellow arrow) centrally connected the two horme of
gray matter which traversed by central canal (blue arrow) and posterior funiculus
tgreen arrow)  and anterior white commissar (black arrow) connecied the mwa
antenor funicului of neonate spinal cord.{ H& E 25 X).

Fig.(6). Ventral gray hom of lumber scgment shows many well differentiate
neurans, polygonal, pink in color{yvellow arrow ), hillock and axon are lacks of
Nissl bodiesired arrow) dendrite (black arrow), round dark nucleus (green
arrow) and abundant Nissl bodies within the cyloplasm of the nerve cell body
(blue arrow) | Bielschowskvs Silver PAS | 0OX),
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Histological and histomatrical measurament study on human newborn spinal cord.
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Fig.( 7). Ventral horm of lumber segment shows thebipolar lateral group neurons.
slender shape, dark red color neurons (black arrow)axon with oul Nissl
substance(vellow arrow), elongated nucleus with central round dark nucleolus
(green arrow) and a mass of darck color nissl hodies in the cytoplasm of neuron
(red arrow) { Bielschowskys Silver PAS 100x).

Fig.(8). The cytoplasm of amultipolar neuron contains centrally round nucleust
red arrow) and small dark Nissl bodies(yellow arrow) hillock and axonigreen
arrow) ( Toludine blue 100X),
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Histological and histometrical measurement study on human newborn spinal cord.

Fig.(9). Gray commmssure of cervical segment shows the central canal lined wath
ependymal cell (black armow) | the thickness of apical surface (vellow amrow)

and filled with CSF (pink in color) (H&E, 100X

Fig{10). Central canal of thoracic segment show the elongated cilia and
microvillus(black armows) processes originated from the apical surface(red
arrow) of ependymal cells towered the lumen of central canal of neonate
spinal cord (Bielschowskys  Silver PAS, 100X}
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