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Abstract An anatomical study of the extraforaminal
attachments of the thoracic spinal nerves was performed
using human spinal columns. The objectives of the study
are to identify and describe the existence of ligamentous
structures at each thoracic level that attach spinal nerves to
structures at the extraforaminal region. During the last
120 years, several mechanisms have been described to
protect the spinal nerve against traction. All the described
structures were located inside the spinal canal proximal to
the intervertebral foramen. Ligaments with a comparable
function just outside the intervertebral foramen are men-
tioned ephemerally. No studies are available about
ligamentous attachments of thoracic spinal nerves to the
spine. Five embalmed human thoracic spines (Th2-Th11)
were dissected. Bilaterally, the extraforaminal region was
dissected to describe and measure anatomical structures
and their relationships with the thoracic spinal nerves.
Histology was done at the sites of attachment of the liga-
ments to the nerves and along the ligaments. The thoracic
spinal nerves are attached to the transverse process of the
vertebrae cranial and caudal to the intervertebral foramen.
The ligaments consist mainly of collagenous fibers. In
conclusion, at the thoracic level, direct ligamentous con-
nections exist between extraforaminal thoracic spinal
nerves and nearby structures. They may serve as a pro-
tective mechanism against traction and compression of the
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nerves by positioning the nerve in the intervertebral
foramen.
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Introduction

A considerable amount of research has been undertaken
to describe the local anatomy of the intraforaminal and
extraforaminal parts of the thoracic spine [2, 4, 5, 10-13,
17, 19, 20]. However, detailed anatomical and histological
studies of extraforaminal attachments of thoracic spinal
nerves to the spine have not been performed.

Beside injuries of the thoracic spinal nerves because of
stab wounds, no lesions of the thoracic spinal nerves by
traction are described. Jiang et al. [7] and Ibrahim and
Darwish [6] describe extraforaminal ligaments, specifically
the superior costotransverse ligaments, but do not mention
attachments of the spinal nerve at the location of the
superior costotransverse ligaments. On the lumbar level
ligamentous, connections between lumbar extraforaminal
spinal nerves and the spine are described [9].

Pre-, inter- and extraforaminal structures, such as the
ligaments of Trolard [20], Hofmann [5], Spencer [18],
suspensor radial ligaments [1, 3] and the denticular liga-
ments have been regarded as a possible source for
neuralgia [10, 11, 17]. However, determining more pre-
cisely the underlying cause of the irradiating pain should
await detailed anatomical studies of particularly the
extraforaminal region.

In order to better understand the role of the ligaments in
the biomechanical behaviour in relation to the physiological
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Fig. 1 Antero-lateral view of thoracic vertebra. Measurement of the
angle (o) between the nerve and the extraforaminal ligament. a A
ventrocranial-dorsocaudal direction in relation to the spinal nerve
is designated as a negative angle, b a ventrocaudal-dorsocranial
direction as positive

and pathological loads on the thoracic spinal nerves,
detailed knowledge of the extraforaminal anatomy is nec-
essary. The aim of this study is to describe the gross
anatomy of the extraforaminal attachments of the thoracic
spinal nerves to the tissues surrounding the intervertebral
foramina from the 2nd till the 11th thoracic level. The 12th
thoracic level is described in a lumbar study [9] and the 1st
thoracic level is regarded to be related to the brachial
plexus and will therefore be described in a separate study
on the cervical part of the spine. In addition, histological
studies of the extraforaminal ligaments will be performed.

Fig. 2 Right lateral view of the thoracic spine. Dissection of the
thoracic spinal nerves as far as the intervertebral foramen preserving
soft tissue attachments. Extraforaminal ligament attachments of the

Materials and methods

Five human bodies, embalmed by vascular perfusion with
a medium containing 2.2% formaldehyde, were carefully
dissected from the 2nd till the 11th thoracic vertebra. The
specimens were carefully selected to exclude bodies with
pathological changes of the spine. The age of the speci-
mens ranged from 74 to 92 years; none of the specimens
showed any pathology during dissection involving or
disrupting the extraforaminal structures. On both sides,
the dissection was performed by approaching the inter-
vertebral foramen from the lateral side. All the thoracic
spinal nerves were dissected as far back as the interver-
tebral foramen, carefully preserving all soft tissue
attachments.

At all levels, ligamentous structures connected to the
spinal nerves were identified, and their origin and insertion
and the spatial orientation were determined. At each level,
the relationship with the spinal nerve and other surrounding
structures of the intervertebral foramina was photographi-
cally documented. In addition, length and width of the
ligamentous structures were measured with a millimetre
calliper. Also, the angle (x) between the ligaments and a
line perpendicular to the longitudinal direction of the spinal
nerves was measured (see Fig. 1).

We defined a ventrocranial-dorsocaudal direction of the
ligament in relation to the spinal as negative (Fig. la), a
ventrocaudal-dorsocranial direction nerve as negative
(Fig. 1a).

Histology

After the measurements and photographic documentation,
the ligamentous connections between the extraforaminal
spinal nerves and the nearby structures were dissected and
fixed in neutral formalin. Consequently, the tissue was
embedded in gelatine and cut transversely at 40 um

. "d't 1 i". %

spinal nerves to the transverse process (*). T5-Ts 3rd—5th spinal
thoracic nerve, d intervertebral disc, c3_s 3rd-5th costa, Th;_s thoracic
vertebra 3-5
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Fig. 3 Left lateral view. Dissection of the 2nd till 11th spinal nerves
(2-11) and intervertebral discs (d). The extraforaminal ligament
attachments (ELAs) consist of a superior (sup) (the superior costo-
transverse ligament) and an inferior part (inf). The superior ligaments

@ Springer

pass the spinal nerves laterally; the inferior ligaments are attached
dorsally and laterally to the spinal nerves. T5_;; 2nd till 11th thoracic
vertebra, c,_;; 2nd till 11th costa, iim internal intercostal membrane
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Fig. 3 continued

thickness. After mounting, the sections were stained with
hematoxylin—eosin (H&E) and by the Elastica van Gieson
method (EVG).

Results

The dissected specimens show extraforaminal attachments
of the spinal nerves bilaterally at all thoracic levels. Fig-
ures 2, 3, and 4 show characteristic extraforaminal
ligamentous networks at the thoracic levels, Th2-Thl1.
These ligaments consist of a superior and an inferior part.
The superior ligaments are identified as the superior

sup ELA

costotransverse ligaments (SC). The inferior ligaments are
called the inferior extraforaminal ligament attachments
(ELAs). The thoracic spinal nerves are attached to the
neighbouring, cranial and caudal, transverse process and to
the costovertebral joint capsule by the superior ELAs (Figs. 3,
4). In literature, these ligamentous structures are usually
called superior costotransverse ligaments. The inferior ELAs
attach the spinal nerves to the superior and inferior transverse
process. The orientation of the ligaments is, in general,
perpendicular to the thoracic spinal nerves.

These attachments vary at different levels of the thoracic
spine. Detailed anatomical description of the individual
levels shows the following findings.

@ Springer
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Fig. 3 continued

Thoracic spinal nerves Th2-Th9

Figure 3 shows ELA of the spinal nerve to the articular
capsule of the costovertebral joint and the superior and
inferior transverse process. From the 2nd till the 9th tho-
racic level, two ligaments can be identified: a superior and
an inferior ligament. The superior ligament originates from
the capsule of the costovertebral joint and the cranial
transverse process and passes the nerve on its ventral side.
It inserts on the capsule of the caudal costovertebral joints
and the caudal transverse process. In all specimens, the

@ Springer

inferior ligament originates from the cranial transverse
process and inserts on the caudal transverse process always
attaching the nerve dorsally.

The spatial orientation of the superior and inferior liga-
ment is from laterocranialdorsal to mediocaudalventral.

From the 2nd till the 9th thoracic spinal nerves, the
superior ELAs show variations. These ligaments consist of
one, two or three parts (Table 1). However, in one speci-
men, the most ventral part of the superior ligament on the
6th, 7th and 8th level on the left side is not attached to the
spinal nerve (Fig. 4).
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Table 1 Amount of ligaments on the thoracic levels T2-T11
Level Superior Inferior
1 part 2 parts 3 parts
Right Left Right Left
Th2 9 1 10
Th3 9 1 10
Th4 8 1 1 10
Th5 6 2 2% 10
Tho 7 3 10
Th7 8 2 10
Th8 9 10
Th9 9 1 10
Th10 10 6
Thl1 3 9

Fig. 4 Left lateral view of dissection of the 4th and 5th thoracic
spinal nerves (5, 6) and intervertebral discs (d). The superior
extraforaminal ligament attachments (ELAs) sometimes consist of
two or three parts, passing the spinal nerves laterally. Ts s 4th and 5th
thoracic vertebra, c¢ss Sth and 6th costa, iim internal intercostals
membrane

Tenth thoracic spinal nerve (Th10)

Figure 3 shows the ELA of the 10th thoracic spinal nerve
to the capsule of the costovertebral joint and cranial and
caudal transverse process. In six of the ten sides, a
superior and an inferior ligament is seen. The other four
of the ten sides have no inferior ligament. The nerve is
dorsally attached to the internal intercostal membrane
(iim).

* ThS is the only level where two parts on the left side were seen. All
the other two and three parts were right sided

Eleventh thoracic spinal nerve (Th11)

The 11th thoracic spinal nerve is caudally attached to the
capsule of the costovertebral joint and the intervertebral
foramen and dorsally to the iim (Fig. 3). These ligaments
are attached to the nerve caudally and laterally along the
entire width of the spinal nerve.

Table 1 shows the variations in amount of ligaments on
the thoracic level from the 2nd till the 11th thoracic level.

Table 2 shows length and width of the ELAs and the
angle between the extraforaminal ligament and the spinal
nerve. In all specimens, from the 2nd till 9th thoracic level,
the superior and inferior ligaments run from craniolateral to
caudomedial forming a positive angle (Fig. 1).

Histology

At all thoracic levels in all specimens, the connections
between the extraforaminal part of the spinal nerves and
nearby structures consist of collagen fibers (Fig. 5). These
collagen fibers are parallel orientated and attached to the
epineurium of the nerve.

In addition, these ligaments seem to contain some
elastine as can be seen in Elastica van Gieson staining. No
major histological differences were seen at the various
thoracic levels.

Discussion
The present study describes and specifies the anatomy of

not yet described extraforaminal ligamentous attachments
of the thoracic spinal nerves in the extraforaminal region.
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Table 2 Levels Th2-Th11: length, width and depth in mm and angle
(°) of the extraforaminal ligament attachment of the spinal thoracic
nerves to the thoracic transverse processes (n = 10)

Level Ligament Length Width Depth Angle
(mm) (mm) (mm) ©)

Th2  Superior 1 11.9 (6.1) 74 (4.8) 14 (1.0) 15.04 (22.3)
Superior 2 11.8 (-) 53 () 03 () 80 (-)
Inferior 13.3 (7.0) 75(6.7) 1.0(0.7) 34.6(15.1)

Th3  Superior 1 12.3 (7.0) 7.7 (5.5 1.1(1.0)0 11.0 (19.8)
Superior 2 7.1 (-) 2.6 (-) 1.2 (-) 0
Inferior 12.9 (7.0) 8.7 (8.5 1.6(1.0) 13.3(19.3)

Th4  Superior 1 11.6 (3.8) 7.8(5.5) 1.4(0.7) 108 (14.9)
Superior 2 12.0 (-) 7.0 (-) 2.0 () 10 (-)
Superior 3 15.0 (-) 15.1 () 42 (-) 60 (-)
Inferior 139 (7.5) 10.5(7.3) 1.5(0.9) 27.8(15.7)

Th5  Superior 1 11.0 (4.1) 75039 150.1) 155@31.7)
Superior 2 12.8 (4.9) 74 (3.5) 121.00 352254
Inferior 15.8 (11.7) 9.2 (6.5) 1.3(0.9) 29.7 (19.6)

Th6  Superior 1 10.6 (3.0) 8.5(6.0) 1.5(0.8) 23.6(24.6)
Superior 2 9.1 (3.8) 6.0 (43) 0.8 (0.6) 21.7(6.5)
Inferior 13.4 (6.4) 99 (5.7) 13(0.9) 32.8(18.2)

Th7  Superior 1 11.1 (4.9) 8.1(5.5) 1.6(0.6) 18.7 (8.6)
Superior 2 12.6 (6.3) 43 (39) 04(0.6) 19.9(0.15)
Inferior 12.0 (7.0) 7.0 (4.6) 1.8 (1.4) 33.3(21.0)

Th8  Superior 1 12.5 (4.8) 8347 21(.6) 223 (16.6)
Inferior 14.1 (7.1) 108 (6.6) 1.6 (0.6) 34.7 (19.3)

Th9  Superior 1 13.8 (7.0) 8.7(52) 1.1(0.6) 22.5(27.0)
Superior 2 10.0 (-) 1.7 () 0.6 (-) 219 (-)
Inferior 16.8 9.3) 10.1 (7.5) 19 (1.0) 32.3(24.6)

Th10 Superior  11.0 (2.9) 5625 1907 -8.6(41.6)
Inferior 154 (10.1) 8.6(7.2) 52(5.0) 31.6(68)

Thll Superior 21.6 (20.6) 7.0 (4.2) 1.75(0.3) 52.5 (10.6)
Inferior 6.7 (1.2) 2.8 (0.4) 0.8 (0.5 70.6 (3.0)

Values are means and standard deviation (SD)

From the 2nd till the 9th thoracic level, the ELAs consist
of a superior and an inferior part. The superior ELA ori-
ginates from the costovertebral joint and the superior
transverse process. It inserts on the inferior transverse
process. The superior part is identified as the superior
costotransverse ligament. This ligament is ventrally
attached to the spinal nerves. The inferior ligament attaches
the nerve dorsally and originates and inserts on, respec-
tively, the superior and inferior transverse process. In
literature, no such ligament has been described.

All the superior and inferior ligaments have a latero-
cranialdorsal mediocaudalventral orientation in relation to
the spinal nerves. On the 10th and 11th levels, we see the
same attachments to the thoracic spinal nerves.

A review of different anatomic textbooks [1, 8, 14-16]
provided several descriptions of transforaminal
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ligaments. Rickenbacher et al. [15] and Reulen [14]
describe a topographic relation of the spinal nerve and
the superior costotransverse ligament. In contradiction
with our findings, they draw the spinal nerve ventrally
to the superior costotransverse ligaments. We found a
dorsal position of the spinal nerve in all the ten mea-
surements. Beside that, they do not mention connections
between these two structures, which we found in all the
specimens.

Jiang et al. [7] described the superior costotransverse
ligaments as a tendon, woven or membranous-like liga-
ments. The superior costotransverse ligaments in our
study are more like the described ligaments by Ibrahim
and Darwish [6], existing of two parts. Although previ-
ous studies, by Jiang et al. and Ibrahim and Darwish,
describe the anatomy of the extraforaminal region on the
thoracic level to the best of our knowledge, these studies
do not mention the attachments of ligaments to the spinal
nerves.

A comparable situation of ELAs to spinal nerves was
seen at lumbar levels [9]. In this study, it was shown that at
lumbar levels the spinal nerves were attached by extra-
foraminal ligaments to the intervertebral foramen and its
surroundings.

The features of the ELAs at the thoracic levels corre-
spond to the 12th thoracic and the 1st lumbar levels. At
these levels, the extraforaminal ligaments connect the
spinal nerves to the intervertebral foramen and disc [9].
These ligaments cross the spinal nerves ventrally and are
perpendicularly orientated to the spinal nerves. We
hypothesize that the mechanical function of these liga-
ments appears to be the same. The present findings on the
ELAs of the thoracic spinal nerves are relevant for
answering the question whether thoracic spinal nerves are
subjected to compression and traction.

Jiang et al. [7] described the superior costotransverse
ligament as perhaps the most important ligament for active
lateral balancing of the spine. But they did not describe
a relation to the spinal nerves. We assume that the
most important function of these superior and inferior
extraforaminal ligaments is prevention of spinal nerve
compression against the superior and inferior transverse
process and not balancing the spine.

In literature, protection of the peripheral nerves against
nerve traction damage by pre-, inter- and extraforaminal
structures such as the ligaments of Trolard [20], Hofmann
[5], Spencer [18], suspensor radial ligaments [1, 3] and the
denticular ligaments has been described.

When moving the thoracic spinal nerve in craniocaudal
direction, the ELAs protect the thoracic nerves of being
pushed against the bony superior and inferior transverse
process and the superior and inferior costae. Based on the
results of the present study, the following assumption can
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Fig. 5 Forty-micrometre thick
coupes of transverse section of
the thoracic spinal nerve (n).
Staining with hematoxylin—
eosin (H&E) and elastica van
Gieson (EvG). The
extraforaminal ligament
attachments (ELAs) consist of
parallel-orientated collagen
fibers and are attached to the
outer parts (epineurium, e) of
the nerve tissues

be formulated: the superior and inferior ELAs of the levels
Th2-Th10 are important for craniocaudal positioning of
the thoracic spinal nerve rather than protecting the nerve
against traction damage.

In this study, we used a limited number of fixated bodies
of old aged people. Since fixation can cause shrinkage of
anatomical structures, the measurements may be influenced
by the fixation process. We thus must be aware of the fact
that fixation and age-related degeneration might have
influenced the size of the ligaments.

At present, interpretation of these findings with respect
to back pain and neuralgia is speculative. The described
ligaments seem to protect against noxious stimuli rather
than being the cause of any form of neuralgia.

Currently, we are focusing on the anatomy of extra-
foraminal ligaments at cervical levels, biomechanical
analysis of the extraforaminal ligament, and further histo-
logical studies with respect to innervation of these
ligaments. For these histological studies, we will use spe-
cific neuro-immunohistochemical staining.

In conclusion, the extraforaminal ligamentous attach-
ments described in this study connect the thoracic spinal
nerve to the surroundings of the intervertebral foramen.
The direction of these ligaments suggests that in the tho-
racic region the ligamentous fixation of the spinal nerves
serves an optimal positioning of the nerve rather than a
protection against pulling forces.
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