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Objective : The objective of this study was to investigate the morphologic characteristics between the vertebral body and the regions of the cervical
and thoracic spinal cords where each rootlets branch out.

Methods : Sixteen adult cadavers (12 males and 4 females) with a mean age of 57.9 (range of 33 to 70 years old) were used in this study. The an-
atomical relationship between the exit points of the nerve roots from the posterior root entry zone at each spinal cord segment and their corre-
sponding relevant vertebral bodies were also analyzed.

Results : Vertical span of the posterior root entry zone between the upper and lower rootlet originating from each spinal segment ranged from 10-12
mm. The lengths of the rootlets from their point of origin at the spinal cord to their entrance into the intervertebral foramen were 5.9 mm at the third
cervical nerve root and increased to 14.5 mm at the eighth cervical nerve root. At the lower segments of the nerve roots (T3 to T12), the posterior
root entry zone of the relevant nerve roots had a corresponding anatomical relationship with the vertebral body that is two segments above. The
posterior root entry zones of the sixth (94%) and seventh (81%) cervical nerve roots were located at a vertebral body a segment above from rele-
vant segment.

Conclusion : Through these investigations, a more accurate diagnosis, the establishment of a better therapeutic plan, and a decrease in surgical

complications can be expected when pathologic lesions occur in the spinal cord or vertebral body.

Key Words : Spinal - Cord - Nerve root - Cervical spine - Thoracic spine - Cadaveric study.

INTRODUCTION

Two pairs of spinal nerve roots which allow motor and senso-
ry neurons to exit and enter the spinal cord, projects from each
segment of the spinal cord. The motor nervous system is locat-
ed in the ventral or front side of the spinal cord and the sensory
nervous system is located at the dorsal or back side of the spinal
cord. Depending on the vertical location of the intervertebral fo-
ramen through which the nerves exit, the nerve root is named as
cervical, thoracic, lumbar, or sacral nerve root. However, the
most caudal part of the spinal cord only reaches the point be-
tween the first and the second lumbar vertebrae since the spinal
vertebrae, which are bony structures, grow more rapidly than
the spinal cord and nerverous system, during growth and de-

velopment after birth. It is well known that the cervical and tho-
racic nervous segments of the spinal cord are located from one
to two vertebral body segments above their corresponding rele-
vant vertebrae”. However, some studies have only researched
and mentioned those for the low cervical region®*'?. Also, few
studies have researched the anatomical relationship between
the cervico-thoracic cord segments or the relevant nerve roots
and the surrounding vertebral bodies. Accurate knowledge of
these relationships will improve our pathological understand-
ing of surgical complications and neurological disorders due to
traumatic and other causes of spinal cord injuries.

The objective of this study was to investigate the anatomical
relationship between the vertebral bodies and the nerve rootlets
arrising from the cervical and thoracic spinal cord regions. The
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morphologic characteristics of the intradural rootlets located
between their point of origin from the spinal cord and the in-
tervertebral foramen were also evaluated. This study will pro-
vide anatomical details in order to understand spinal cord dis-
ease causation for accurate diagnosis when pathologic lesions
occur in the spinal cord or vertebral body.

MATERIALS AND METHODS

Sixteen adult cadavers (12 males and 4 females) with a mean
age of 57.9 (range 33-70) were used in this study. The cadavers
were fixed in a mixture of formalin, phenol, alcohol and glycer-
in. Posterior muscles of the cervical, thoracic and lumbar spine
were removed while in the prone position. Total laminectomy
was then performed to expose the dura of the spinal cord as well
as the areas around where the nerve roots passed through the
intervertebral foramen. The locations of the nerve roots were
verified after the locations of each disc in the ventral portion of
the cervical and thoracic regions were identified. The location of
each corresponding vertebral body and disc in the dorsal por-
tion were confirmed as shown in Fig. 1. The dorsal portion of
the dura, which surrounds the spinal cord and nerve roots, was
incised to expose the spinal cords and rootlets. A total of 32
specimens (from both the right and left sides of 16 cadavers)
were available to investigate the following : 1) the number of
rootlets in a nerve root, 2) the vertical lengths of the posterior
root entry zones where the rootlets have originated from the spi-
nal cord; 3) the length of the nerve root from the spinal cord to
its entrance into the intervertebral foramen; 4) anatomical rela-
tionship between the exit point of the nerve root from the poste-
rior root entry zone at each spinal segments and the relevant
vertebral bodies.

Measurements were conducted using a standard meter and
goniometer. Measured data were compared and analyzed first,
according to laterality and then according to cervical or thorac-
ic spine region. The SPSS software (Version 17.0, Chicago, IL,
USA) was used to perform a t-test with the threshold p-value
set at 0.05.

RESULTS

Anatomical structure of cervical and thoracic nerve
roots

The exposed spinal cord had a cylindrical structure which was
slightly flattened dorso-ventrally. The spinal cord had a structure
which anterior-posterior length was longer than left-right
length. The level of the relevant segments of the spinal cord,
where the roots have originated, could not be differentiated and
identified by just looking at the spinal cord but were identified
by tracing the course of the nerve roots in a retrograde fashion.
The relevant nervous segments were identified at the posterior
root entry zone. Rootlets ran in an inferolateral direction and
passed through the intervertebral foramen. The rootlets in the
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thoracic region formed a more acute angle and shaped overally
thinner than in the cervical region. The rootlets consisted of a
spinal cord segment with ovally inflated right before posterior
root entry zone (Fig. 1).

The first cervical nerve root was found between the occipital
bone and the first cervical vertebra. Cervical nerve roots from the

Fig. 1. Photograph of a cadaver specimen (P-A view) showing the con-
tents of the spinal canal after total laminectomy and durotomy. The in-
tervertebral disc spaces of the cervical spine are marked with pink pins
and those of the thoracic spine are marked with green pins. The yellow
arrow head indicates the C7-T1 intervertebral disc space.

Fig. 2. Photograph showing the rootlet (black arrow head) entering each
segment of the cervical (A) and thoracic (B) spinal cord. Red arrow head
indicates the intersegmental anastomosis between the spinal rootlets.
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second to the seventh were found at each corresponding cervical
vertebrae. The eight cervical nerve root was found entering the
intervertebral foramen located between the seventh cervical ver-
tebra and the first thoracic vertebra. The thoracic nerve roots
were found located at each corresponding thoracic vertebrae.
The width of the fifth, sixth, and seventh cervical nerve roots at

Table 1. The mean number of rootlets composing each spinal nerve root in 32 specimens from 16

their origins was bigger than the rest. The rootlets exiting from
the spinal cord were arranged in a line along the posterolateral
furrow of the spinal cord. It was found that the rootlets from
lower cervical spinal cord were located more medially. Interseg-
mental rootlets from the fifth-sixth, sixth-seventh, and seventh-
eighth cervical nerve roots were anastomosed before entering

the intervertebral foramen as illustrated

cadavers in Fig. 2.
Lgel 7%:5? p 7 (L:rflt N Averaie 2(Rt’ =t 5 ‘f m Thet number of rootlets in a nerve
roo

g: 2233 Zgig; Zg EZ: The average number of rootlets that
cs6 7 4405 73516 74 0743 composed each nerve root was seven in
7 6.940.9 6.740.9 68 0216 the cervical region, five in the upper tho-
cs 63208 65405 64 0383 racic region, and three in the lower tho-
Tl 5.4+0.9 56410 5.5 0509 racic region, as shown in Table 1.

™ 51411 51408 51 1000 In the cervical spine, the maximum
T3 47414 43413 45 0.069 number of rootlets was 7.4 and was in
T4 41417 39415 40 0.188 the sixth cervical nerve root. The third
T5 3.642.0 36417 36 1,000 nerve root had 7.3 rootlets, the fourth
Te 36417 38+18 37 0.544 nerve root had 7.0 rootlets, the fifth
7 29405 2.840.4 29 0723 nerve root had 6.9 rootlets, the seventh
T8 2.840.6 2.840.6 238 0.674 nerve root had 6.8 rootlets, and the
9 27405 2.8+04 28 0.166 eighth nerve root had 6.4 rootlets. The
T10 3.040.7 27405 28 0.104 number of rootlets decreased as the
T11 2.840.4 28405 28 0586 nerve root coursed inferiorly except for
T12 27405 2.940.7 28 0.339 the sixth nerve root which had the most

All data are presented as the meanzstandard deviation. Significant value less than 0.05. p value means the

mean difference between the right and left sides by student t-test

Table 2. The mean distance between the uppermost and the lowermost rootlet of each spinal nerve

root at the level of the spinal cord in 32 specimens from 16 cadavers

number of rootlets Fig. 2. In the thoracic
spine, the number of rootlets decreased
as it went inferiorly. The first thoracic
nerve root had 5.5 rootlets, the second

Distance (mm)

nerve root had 5.1 rootlets, the third

Level

nerve root had 4.5 rootlets, the fourth,

G 1512gihlt3 ) li)eiﬂl. 5 Averafj(lm’ = 0‘540 fifth, and sixth nerve root had 3-4 root-
c4 11408 12,1414 117 0.192 lets, and the seventh-twelfth nerve root
Cs 118411 . 120 0575 had 2-3 rootlets. There was no statistical
C6 126518 12.842.0 127 0734 difference between right and left side
c7 11.0+1.1 113+1.1 112 0.121 nerve roots.

+ +
G ot
T2 12.842.6 12,6423 127 0481 posterior root entry zone where
T3 10.6£0.8 10.1£1.0 104 0.001 each rootlet originated from the
T4 10.0+1.1 102417 101 0.463 spinal cord
Ts 95419 95415 95 0.888 Vertical length of the posterior root
T6 11.0+13 112418 1.1 0435 entry zone, which is the length between
T7 8.840.9 8.940.7 88 0.803 the uppermost rootlet and the lower-
TS 10.140.6 10.8+0.7 104 0,002 most rootlet originating from each cord
9 10.5+2.5 10.0+1.8 103 0.048 segment, was 10-12 mm on average as
T10 112419 111418 111 0.454 shown in Table 2 and Fig. 3. In the cer-
T11 113413 11.340.9 113 0.862 vical spine, the sixth nerve root entry
T12 11.741.0 119412 118 0.581 zone was the longest at 12.7 mm. The

All data are presented as the mean=standard deviation. Significant p value less than 0.05. p value means the

mean difference between the right and left sides by student t-test

fifth nerve root entry zone was 12.0 mm
long, the fourth was 11.7 mm long, and
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the third was 11.1 mm long. It was found that the vertical length
of the posterior root entry zone increased as one went down the
cervical spinal cord segments until the sixth nerve root. The sev-
enth nerve root was 11.2 mm long which was shorter than that
of the sixth and eighth nerve roots (12.7 and 12.6 mm, respec-
tively). Generally, the length of the nerve root entry zone tended
to increase along the inferior direction.

In the thoracic spine, the second nerve root entry zone had
the maximum length at 12.7 mm and the seventh was the short-
est at 8.8 mm. While the sixth nerve root entry zone was rela-
tively long at 11 mm, the length tended to increase towards the
superior direction above the fifth and following the inferior di-
rection below the seventh. There were statistical differences in
the vertical length of the posterior root entry zones at the eighth
cervical nerve root, and the third and eighth thoracic nerve roots
between the right and left sides. The eighth cervical nerve root
entry zone on the left side was significantly longer than the right
side. Right nerve root entry zones of the third and eighth tho-
racic spine was statistically longer than the left.

The length of rootlets from the spinal cord to their
entrance into the intervertebral foramen

The length of the rootlets from the spinal cord to the entrance of
the intervertebral foramen tended to increase as we went down
the spinal segments at all cervical and thoracic spinal levels as
shown in Fig. 3. Due to the difference between the neural struc-
tures’ and bony structures’ rate and duration of growth on the ba-
sis of foramen magnum, there were relatively short length in the
cervical spine and long length in the thoracic spine.

In the cervical spine, the third nerve
root was 5.9 mm long and the eighth
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Anatomical relationship between the neural segments
of the spinal cord and their corresponding relevent
vertebral bodies

The posterior root entry zones for the cervical nerve roots C1
to C5 were located at a level one vertebral body segment above
their corresponding relevant vertebral bodies. At the lower seg-

Fig. 3. Photograph showing the distance of the cervical (A) and thoracic
(B) spines. Red line indicates the distance between the uppermost root-
let and the lowermost rootlet in each segment. Blue line is the length of
the rootlet between the spinal root entry zone to the intervertebral fora-
men. The distance from the midline to the posterior root entry zones is
decreased in the lower cervical spine.

Table 3. The mean length of the spinal nerve root measured from the spinal root entry zones to the
intervertebral foramen at each level in 32 specimens from 16 cadavers

nerve root was 14.5 mm long. Table 3

Distance (mm)

shows that the length of the nerve roots el -
increased by 3 mm compared to the RighE et haigren gl (REIC) P
nerve root immediately superior to it 3 6.1¢1.1 >8+14 >9 0.045
from the sixth, seventh, and ei gh’[h cer- C4 7.5%2.2 7.7£1.8 7.6 0.525
. 742, 812, : )
vical levels. Thereafter, the nerve roots s 7721 7822 78 0277
. . C6 8.6+2.7 8.8+2.7 8.7 0.185
progressively lengthened as the spinal
C7 11.0£3.6 11.0+3.7 11.0 0.902
segments progressed caudally along the
. . . C8 14.5+3.8 15.0+4.0 14.8 0.016
entire vertebral column including the - 182466 182465 182 0952
216 216 . )
thoracic region. The twelvth thoracic
. T2 20.4+6.4 21.2+6.3 20.8 0.011
nerve root was approximately 52 mm
. . . . T3 22.5+9.6 23.949.1 23.2 0.133
long. In the thoracic spine, the inferior
T4 26.4+11.4 26.8+11.6 26.6 0.159
neural segment nerve root was generally
. . . T5 28.2+13.0 28.6+13.5 284 0.380
3 mm longer than its immediate superi-
. T6 31.5+12.4 32.1+12.7 31.8 0.015
or counterpart. The seventh thoracic
¢ 7 ) then th T7 38.5+2.7 38.9+3.8 38.7 0.347
nerve r mm longer then
;}‘ie T}(:O was ot onge jﬁe ﬂe T8 405423 40.742.6 406 0.230
ls e t?lerv.e }r;’ode V:at;‘c‘llgn lcinthy T9 432423 434423 433 0.329
;’:_%er ont Zl“g, St ;}f cleve Oﬂ ¢ T10 455433 45.6+2.4 455 0.682
thir Cemch spine. " € Tlervefclroo Elts T11 46.743.0 464427 466 0.091
were were shorter on the right side at the T12 50.842.5 515423 511 0.058

eighth cervical, second thoracic, and
sixth thoracic spinal levels.

All data are presented as the meanzstandard deviation. Significant p value less than 0.05. p value means the
mean difference between the right and left sides by Student’s t-test
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ments of the spinal cord (T3 to T12), the posterior root entry
zones for the relevant nerve roots were located at a level two
vertebral body segments above their corresponding relevant
vertebral bodies, as shown in Table 4. For example, the posteri-
or root entry zone for the third cervical nerve was located at the
level of the second cervical vertebral body and the posterior
root entry zone for the third thoracic nerve was at the level of
the first thoracic vertebral body. Both the right and left sides of
all sixteen cadavers showed the same results.

The location of the sixth, seventh and eighth cervical, and the
first and second thoracic nerve root entry zones showed some
variation among different individuals. However, the posterior
root entry zones of the sixth (94%) and seventh (81%) cervical
nerve roots were located at a level one vertebral body segment
above their corresponding relevant vertebral bodies. Unlike oth-
er cervical vertebral bodies that corresponded with one above
segment vertebral body, the eighth cervical nerve root entry
zone (88%) was at the level of the sixth cervical vertebra. The
location of the posterior root entry zone for the first thoracic
nerve root (100%) was identical with the seventh cervical verte-
bra and the location of the posterior root entry zone for the sec-
ond thoracic nerve root was between the seventh cervical and
the first thoracic vertebra in 12 cadavers (75%). The location of
the posterior root entry zone for the second thoracic nerve root
was at the level of the seventh cervical vertebra in 2 cadavers
and at the first thoracic vertebra in another 2 cadavers. Table 4
shows these investigated anatomical relationships.

DISCUSSION

The spinal cord starts from the foramen magnum and ends at
a level between the twelvth thoracic vertebra and the first lum-
bar vertebra. Segments of the spinal cord aren't generally called
depending on relevant vertebral bodies. It was known that the
spinal cord neural segments were located at one vertebral body
level above their corresponding relevant vertebrae in the cervi-
cal region and at two vertebral body levels above in the thorac-
ic region®. Nevertheless, it was difficult to find anatomical stud-
ies on the relationship between vertebral bodies and the neural
segments of the spinal cord from which the relavent rootlets
originated. While such morphologic knowledge helps in the
understanding of spinal cord trauma, myelopathy due to patho-
logical lesions of the spinal cord, and radicular pains; it was ex-
tremely difficult to standardize the anatomy of the spinal cord or
nerve roots because of the individual variations in size and
shape*®. Considering the fundermental data presented above,
safe and sufficient decompression can be achieved when surgical
treaments are performed on the thoracic or cervical vertebrae
and the spinal cord. It would also be helpful in determinig the
cause of unexpencted disorders or surgical complications.

The normal relationships between the segments of the cervi-
cal or thoracic spinal cord and the intervetebral discs have al-
ready been mentioned in several anatomical textbooks. Howev-
er, these were not clearly defined and classifed. There were even
several different criteria used for the such relationships. Each

Table 4. The vertebral body level corresponding to the level of the spinal cord segment from where each spinal nerve root exited in 32 specimens

from 16 cadavers

SpiII\IIal 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
cord
c C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2
C4 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3
C5 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4
C6 C5 C4/5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5
C7 Cé6 C5/6 C6 C6 C6 Cé6 C5/6 C6 Cé6 C6 Cé6 Co6 C5/6 C6 Co6 C6
C8 Cé6 C6 Co6 Cé6 C6 Co6 Ce/7 C6 C6 C6 Co6 C6 Co/7 C6 Cé6 C6
T1 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7
T2 C7/T1 C7/T1 C7/T1 C7 C7/T1 C7/T1 Tl C7/T1 C7 C7/T1 C7/T1 C7/T1 Tl C7/T1 C7/T1 C7/T1
T3 T1 T1 T1 T1 T1 T1 T1 T1 T1 T1 T1 T1 T1 T1 T1 T1
T4 T2 T2 T2 T2 T2 T2 T2 T2 T2 T2 T2 T2 T2 T2 T2 T2
T5 T3 T3 T3 T3 T3 T3 T3 T3 T3 T3 T3 T3 T3 T3 T3 T3
Te6 T4 T4 T4 T4 T4 T4 T4 T4 T4 T4 T4 T4 T4 T4 T4 T4
T7 T5 T5 T5 T5 T5 T5 T5 T5 T5 T5 T5 T5 T5 T5 T5 T5
T8 Té6 T6 T6 Té6 T6 T6 T6 T6 Té6 Té6 T6 Té6 Té6 T6 Té6 T6
T9 T7 T7 T7 T7 T7 T7 T7 T7 T7 T7 T7 T7 T7 T7 T7 T7
Ti0 T8 T8 T8 T8 T8 T8 T8 T8 T8 T8 T8 T8 T8 T8 T8 T8
Ti1 T9 T9 T9 T9 T9 T9 T9 T9 T9 T9 T9 T9 T9 T9 T9 T9
T12 TIi0 T10 T10 T10 T10 T10 T10 T10 T10 T10 T10 T10 T10 T10 T10 T10

N : numbers of cadavers

388



Morphometric Study of the Cervicothoracic Cord Segments | JH Kim, et al.

Table 5. Summary of anatomical relationship between the vertebral body level and the level of the spinal cord segment from where each spinal nerve

root exited in 32 specimens from 16 cadavers
N
Spinal cord
C3-5
C6
Cc7
C8
T1

2 3 4 5 6 7

T3-12

*

n-

n-2%*

N : numbers of cadavers, n : level of root. *n-1 : spinal cord segment is located one vertebral body level higher than its corresponding intervertebral foamen through
which the nerve root passed. **n-1.5 : spinal cord segment is located one and a half vertebral body level higher than its corresponding intervertebral foamen through
which the nerve root passed. ***n-2 : spinal cord segment is located two vertebral body levels higher than its corresponding intervertebral foamen through which the

nerve root passed

segment of the spinal cord was defined and demarcated as ei-
ther; 1) the segment in between the most superior rootlet of a
nerve root to the most superior rootlet of the adjacent nerve
root, 2) the middle portion of two adjacent nerve roots, or 3)
the part in which a pair of nerve roots were attached to. This
study used the first definition. Kubo® reported that, with some
exceptions, the seventh cervical nerve root generally started at
the level of the fifth and sixth cervical intervertebral disc (C5-
C6) and the eighth cervical nerve root originated at the level of
the sixth and seventh cervical intervertebral disc (C6-C7) in
eighty percent of subjects. Kim and Shin® described that the
seventh cervical nerve root was mostly located at the level of
the fifth and sixth cervical intervertebral disc (C5-C6), the fifth
cervical nerve root was at the level of the fourth cervical verte-
bra (C4), and the sixth cervical nerve root was at the level of the
fifth cervical vertebra (C5). Tanaka et al.'” reported that the
starting point of the fifth cervical nerve root was at the level of
the fourth cervical vertebra (C4), the sixth cervical nerve root
was at the level between the fourth and fifth cervical vertebrae,
and the seventh cervical nerve root was at the level between the
fifth and sixth cervical vertebrae. While there were some differ-
ences between the reported studies, the results led to very simi-
lar conclusions.

Based on the previous studies, a formula for the relationship
between the neural segments of the spinal cord and vertebral
bodies can be derived. The spinal cord neural segements of the
posterior root entry zones for the cervical nerve roots down to
the first thoracic nerve root were located at the level one verte-
bral body segment immediately superior to their correspond-
ing relevent vertebrae of exit. Seventy-five percent (75%) of the
specimens examined showed that the spinal cord neural seg-
ment for the posterior root entry zone of the second thoracic
nerve root was located one and a half vertebral body level above
its corresponding relevent vertebrae of exit, which is between
the seventh cervical vertebra and the first thoracic vertebra.
Otherwise, it was located at the level of the seventh cervical ver-
tebra or the first thoracic vertebra. Caudad of the third thoracic
nerve root, the locations of the spinal cord neural segments for

the posterior root entry zone were at the level 2 vertebral seg-
ments superior to their corresponding relevant vertebra of exit.
Following the above rule, the eighth cervical spinal cord neural
segment would have its posterior root entry zone located at the
level of the seventh cervical vertebra. However, our cadeveric
studies showed that it was located at the level of the sixth cervi-
cal vertebra. This may be due to the non-existence of an eighth
cervical vertebra and the relative thickening of the spinal cord
at the fourth, fifth, and sixth cervical vertebral levels. It was gen-
erally known and accepted that the cervical spinal cord neural
segments were located at a level one vertebral segment above
and the neural segments in the thoracic spinal cord were locat-
ed at a level two vertebral segments above their corresponding
relevant vertebra. This study showed that the generally accepted
“one vertebral segment above” or “two vertebral segments
above” rule is actually demarcated at the second thoracic nerve
root. This result may be clinically interpreted as it could efffect
the next inferior nerve root when C3-C4 intervertebral disc was
posteriorly bulged and two nerval segments were related. In
case where the thoracic spine is involved, three spinal cord neu-
ral segments could be affected.

This study did not look into the effect of aging on the mor-
phometric relationship between the cervico-thoracic cord seg-
ments and the vertebral body. Payne and Spillane” reported
that the nerve roots were pointing in the inferior direction due
to the different growth rates of the spinal cord and vertebral
bodies. They also mentioned that the height of both interverte-
bral discs and vertebral bodies decreased with age. Considering
small amount of the decrease and effects on overall height of
whole spine, such decline of the height made the spinal cord
lower comparing with vertebral bodies and the angle of the
nerve roots could be reduced while Hwang et al. decribed that
the angle was 60-68 degree. Spinal nerve roots are consisted of
anterior horn beginning from the spinal cord and posterior horn
going to the spinal cord. Kubo et al.? discussed that the anterior
root exit zone may not be anatomically defined but it could be
defined as an oval shape from the most superior anterior rootlet
to the most inferior anterior rootlet. Also, they studied anatomi-
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cal difference of posterior root exit zone that posterior rootlet
disposed in lines along the posterolateral furrow. Generally, the
posterior rootlets were thicker than the anterior rootlets in the
cervical spine. The mean vertical length of the anterior root exit
zone was 10-15 mm and an anterior nerve root consisted of 17-
25 rootlets. The vertical length of the posterior root exit zone
was 6-14 mm and the number of rootlets was 7-12. It has been
mentioned that there was a difference in the number of rootlets
between the anterior and the posterior nerve roots even though
they were on the same spinal cord neural segment. Clark? de-
scribed variations in the number of rootlets composing the
posterior root exit zone but it was mostly 7-12.

This study was limited to the investigation of the posterior
side of the spinal cord only. It showed similar results that verti-
cal length of posterior root exit zone was 10-12 mm. The num-
er of rootlets (7) found in the current investigation was different
from the referred studies. The reason for this difference may be
because a microscope was used in the previous studies and this
study relied on macrography. It is important, from a clinical
standpoint, to know that the rootlets of the posterior root exit
zone progressively shifted more medially as one follows the spi-
nal cord inferiorly from the cervical spine region to the thoracic
spine region. It was known that lesions on the spinal cord cause
spinal cord diseases and leisons outside the spinal cord that
press the nerve root, cause radicular pain. Even though this
study was limited to the posterior spinal cord, the study was
able to show that both myelopathy and radicular pain can result
from a lesion on the spinal cord. Moreover, Kubo et al.” and
Tanaka et al.'”” mentioned that on the anterior side of the spinal
cord, the left and right anterior root exit zones progressivley
moved medially as it went caudally and their distance was 1-3
mm. This meant that a medially herniated intervertebral disc
can cause nerve root compression and lead to radicular pain
even without intervertebral foraminal stenosis.

This study is in agreement with the results of previous re-
search regarding the vertical length of the posterior root exit
zone being shorter and the number of rootlets being less in the
thoracic spinal cord than in the cervical spinal cord. The reason
for a greater number of cervical rootlets than the number of tho-
racic rootlets may be related to the functions required of the
nerves. Since the upper limbs need to perform much more func-
tions than others, it is understandable that the upper spinal cord
has to have more rootlets. Also, it can be related to width of the
spinal cord that Chang et al. reported that the spinal cord was
widest at the level of the sixth-seventh cervical spine.

It was observed that the rootlets were anastomosed before en-
tering the intervertebral foramen. Most rootlets were anasto-
mosed between the 5th and 6th nerve roots, between the 6th
and 7th nerve roots, and between the 7th and 8th nerve roots.
However, there were big individual differences. This result was

the same with previous studies®”'?). Since this anastomosis may
cause confusion regarding the lesion’s location, pre-operative
neurological tests should be performed and it should be clearly
confirmed through radiological images.

CONCLUSION

Rootlets originating from the spinal cord that forms the spi-
nal roots were arranged in single lines along the posterolateral
furrow of the spinal cord. The more caudal cervical rootlets
emerged from the spinal cord closer to the midline. This find-
ing shows that pathological lesion in the central cord may cause
both myelopathy and radicular pain. Since the growth rate of
the spinal nerve root and the vertebral body are different, the
spinal cord segments between the third cervical nerve root and
the first thoracic nerve root were located one vertebral body
level above their corresponding relevant vertebral bodies.

Because confusion over the anatomical structures can easily
occur due to the limited surgical view associated with anterior
cervical surgery, the measurement results taken from the sub-
axial cervical vertebrae in this study will contribute to a success-
ful surgery.
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