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Abstract
Purpose To provide an anatomical basis for intrusive treat-
ment using an approach through the lateral zones of the lum-
bar intervertebral foramina (LIF), especial ly for
acupotomology lysis, percutaneous transforaminal endosco-
py, and lumbar nerve root block.
Methods Blood vessels, ligaments, nerves, and adjacent struc-
tures of ten cadavers were exposed through the L1–2 to L5–S1
intervertebral foramina and examined.
Results The lateral zones of the LIF were almost filled by
ligaments, nerves, and blood vessels, which were separated
into compartments by superior/inferior transforaminal liga-
ments and corporotransverse superior/inferior ligaments.
Two zones relatively lacking in blood vessels and nerves (tri-
angular working zones) were found beside the lamina of the
vertebral arch and on the root of the transverse processus.
Both the ascending lumbar vein and branches of the
intervetebral vein were observed in 12 Kambin’s triangles,
and in only seven Kambin’s triangles were without any veins.
Conclusions Nerves and blood vessels are fixed and protected
by transforaminal ligaments and/or corporotransverse liga-
ments. It is necessary to distinguish the ligaments from nerves
using transforaminal endoscopy so that the ligaments can be
cut without damaging nerves. Care needs to be taken in

intrusive operations because of the veins running through
Kambin’s triangle. We recommend injecting into the lamina
of the vertebral arch and the midpoint between the adjacent
roots of the transverse processus when administering nerve
root block. Blind percutaneous incision and acupotomology
lysis is dangerous in the lateral zones of the LIF, as they are
filled with nerves and blood vessels.
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Introduction

The lateral zones of the lumbar intervertebral foramina (LIF)
are often used as a surgical region for acupotomology lysis [1,
2] (Fig. 1), transforaminal injection or nerve root block [3–5],
and transforaminal endoscopy [6–9]. Although usually care is
taken with nerves, the blood vessels and ligaments in the LIF
have often been ignored by surgeons, and the dangers or com-
plications of these procedures have also been neglected.
Acupotomology (acupotomy) is a type of surgical treatment
using a fine scalpel (acupuncture knife or needle knife), which
was pioneered by Han-zhang Zhu in the 1970s [10, 11] and
combines traditional Chinese medicine with modern Western
medicine. It has since become widely used in traditional Chi-
nese medicine hospitals and ‘barefoot doctor’ clinics in China
(Fig. 1). Blind incision and acupotomology lysis in the LIF
has become very popular for treatment of lumbar disc hernia-
tion and other conditions affecting this area [2, 12] (Fig. 2).
However, it is unclear how lumbar disc herniation can be
treated using this method. Approaches via Kambin’s triangle
have been considered safe for surgery [13–16] because, ac-
cording to Kambin [13, 15], there was generally ample room
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for the introduction of coaxial instruments. Is it correct, how-
ever, that this area is really lacking in vessels and nerves?
There is also no consensus as to the ligaments present in the
LIF [17–21]. However, operations or intrusive treatment here
can cause injury to nerves and blood vessels, leading to seri-
ous sequelae and iatrogenic injury due to the complexity of
this zone [22, 23]. Therefore, research into the anatomy of the
LIF is important; thus we carried out a study to try to reconcile
the conflicting data that currently exist.

Materials and methods

In total, ten cadavers (five adults and five children; provided
by the Teaching and Researching Office of Anatomy,

SouthernMedical University), giving a total of 100 LIFs, were
examined. Because of the small number, there was no group-
ing of the cadavers on the basis of demographic characteristics
such as age, sex, ethnicity, height, or weight.

The skin, muscle, and fascia of the posterior and bilateral
side of the lumbar spine were removed, exposing the LIF and
the adjacent vessels and nerves. The fibers and adipose tissue
around the LIF, and the lamina were removed, where neces-
sary, to clearly observe the ligaments, nerves, blood vessels,
and their adjacent relation in and around the LIF.

Results

We found that the lateral zones of the LIF were filled with
nerves and blood vessels (Fig. 3), and were split into compart-
ments by ligaments (Figs. 4, 5, 6 and 7).

Ligaments

Ligaments in the LIF were classified as follows: obliquely
placed bands were considered corporotransverse superior
and inferior ligaments, while bands running tranversely were
referred to as superior and inferior transforaminal ligaments
[19–21].

Transforaminal ligaments

There were two groups of ligaments in the lateral zones of the
LIF: the superior and the inferior transforaminal ligaments.

The superior transforaminal ligament is located below the
inferior vertebral notch in the lateral zones, which starts from
the isthmus periphery and stops at the inferolateral vertebral
body on the same vertebral body and outside the posterior
longitudinal ligament (Fig. 4). Among the 100 LIFs, 36

Fig. 1 Acupotomology/acupuncture-knife
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Fig. 2 Sketch of percutaneous blind incision and debonding with
acupuncture-knife. AK acupuncture-knife, CIL corporotransverse
inferior ligament, CSL corporotransverse superior ligament, ID
intervertebral disc, ITL inferior transforaminal ligament, SP spinous
process, STL superior transforaminal ligament, TA tendinous arcus of
intertransverse ligament
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superior transforaminal ligaments were found: 9 in L1–2, 12
in L2–3, 11 in L3–4, 5 in L4–5, and none in L5–S1.

The inferior transforaminal ligaments were thick in L1–2 to
L3–4, and slender or absent in L4–5 to L5–S1. In some cases,
there were two inferior transforaminal ligaments, which
started from the junction of the transverse process root and
superior articular process, and stopped at the next vertebral
body or at the lateral annulus fibrosus and lateral posterior
longitudinal ligament (Figs. 5 and 6). Among the 100 LIFs,
45 inferior transforaminal ligaments were found: 16 in L1–2,
11 in L2–3, 14 in L3–4, and 2 in L4–5.

The lateral zones were divided into three compart-
ments: the middle one was the largest, and the superior
and inferior compartments were smaller. The upper com-
partment had superior branches of the intervertebral vein
going through it (Figs. 3, 4, 5 and 6); the middle com-
partment contained a spinal nerve and the spinal nerve
branch of the segmental artery; the inferior compartment
had inferior branches of the intervertebral vein running
through it (Fig. 5).
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Fig. 4 Superior transforaminal ligament of L2-3 LIF. SBIV superior
branches of intervertebral veins, SN sympathetic nerve, STL superior
transforaminal ligament, VP vertebral pedicle
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Fig. 5 Inferior transforaminal ligament of L4-5 LIF. IBIV inferior
branches of intervertebral veins, SN sympathetic nerve, ITL inferior
transforaminal ligament, VP vertebral pedicle
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Fig. 3 Blood vessels and tendinous arcuss of intertransverse ligament
through the lateral zone of L4-5 LIF. ALV ascending lumbar vein, ID
intervertebral disc, LN lumbospinal nerve, MNTT triangular working
zone of midpoint of neighboring two transverse process root clinging
tightly to lamina, SN sympathetic nerve, TA tendinous arcus of
intertransverse ligament, TP transverse process
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Fig. 6 Two inferior transforaminal ligaments of L3-4 LIF. ITL inferior
transforaminal ligament, TP transverse process
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Corporotransverse ligaments

Almost all the corporotransverse ligaments, which were
divided into superior and inferior corporotransverse liga-
ments, were distributed in the L5–S1L5/–S1 LIF. Parts of
these ligaments were combined with the tendinous arches
of the intertransverse ligaments at the starting point. The
corporotransverse superior ligament ran from the lower
transverse process to the inferolateral vertebrae of the
same segment, or to the lateral annulus fibrosus or the
superolateral part of the lower vertebrae (Fig. 7). The
corporotransverse inferior ligament ran from the upper
transverse process to the superior outside of the vertebrae
of the same segment, and to the lateral annulus fibrosus
or superolateral part of the upper vertebrae (Fig. 7).

The lateral zone of the LIF was divided into three
compartments: anterosuperior, posterior, and inferior.
There were communicating branches of the lumbar sym-
pathetic and anterosuperior branches of the intervertebral
vein in the smaller anterosuperior compartment; a poste-
rior branch of the intervertebral vein and a lumbar
branch of iliolumbar vessels in the larger posterior com-
partment; and the L5 nerve and sometimes the inferior
intervertebral vein in the smaller anteroinferior compart-
ment (Fig. 7). There were 12 corporotransverse superior
ligaments and seven corporotransverse inferior ligaments
visible in 20 of the L5–S1L5/–S1 intervetebral foramina.

Tendinous arch of the intertransverse ligament

The tendinous arch of the intertransverse ligament started
broadly from the inferior vertebral notch, the inferomedial
accessory process, or even the superolateral isthmus, ran
downwards to the anterosuperior root of the transverse process
and superior articular process, dorsolaterally, tilted from the
anteromedial side towards the posterolateral side, along with
the posterior branches of the spinal nerve, and was vertical to
the branches (Fig. 3). The tendinous arch of the intertransverse
ligament was frequently found in the L1–2 to L4–5 LIF lateral
zones; the anteroposterior branches of the spinal nerve lay
close to this ligament, but none of these branches was seen
in the L5/–S1 foramen. The anterior and posterior parts of the
tendinous archwere both next to the neurovascular bundle, the
anterior part being next to the thick ascending lumbar vein.

Nerves through the lateral zones of LIF

The lumbospinal nerves ran under the superior transforaminal
ligaments (Fig. 4) and above the inferior transforaminal liga-
ments (Figs. 5 and 6). After leaving the LIF, the bifurcation of
the anterior and posterior branches lay close to the tendinous
arch of the intertransverse ligament, and the spinal nerve rode
off on both sides of the tendinous arch of the intertransverse
ligament in a BY^ shape (Fig. 3). The sympathetic nerves
linked with the spinal nerve anterior branch at the lateral zone
(Figs. 3, 4, 5 and 8).

Arteries through the lateral zones of the LIF

The L1–2 to L4–5 lumbar arterieswere divided into three groups
of terminal branches at the lateral zone of the LIF: the anterior,
spinal, and dorsal branch groups (Fig. 8). The iliolumbar artery
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Fig. 7 Corporotransverse superior and inferior ligaments of L5-S1 LIF.
CSL corporotransverse superior ligaments,CIL corporotransverse inferior
ligament, LN lumbospinal nerve, SN sympathetic nerve, LIB L4 artery
inferior branch, SBIV superior branches of intervertebral veins
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Fig. 8 Artery through lateral zones of L5/S1 LIF. ABG anterior branch
groups, SBG spinal branch groups, DBG dorsal branch groups, TP
transverse process
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lumbar branch or L4 artery inferior branch entered the L5/–S1
foramina in some cases (Fig. 7). The anterior branch groups
were mainly transverse process anterior branches (anterior
branch, transverse process anterior artery). The transverse pro-
cess anterior branch was the abdominal branch, which was thick
and formed many muscle branches along the transverse process
anterior part, with the communicating branches and neighboring
transverse process anterior branches anastomosing. The extra-
spinal arterial nets were comprised of the dorsal branch of the
interarticular artery and the upper and lower articular arteries.
The upper and lower articular arteries crossed ahead of the ten-
dinous arch of the intertransverse ligament and ran alongside the
accompanying vein.

Veins through the lateral zones of LIF

Branching off from the intravertebral vein, the intervertebral
vein joined the ascending lumbar vein or the lumbar vein after
leaving the foramen. In addition, the root vein joined the as-
cending lumbar vein or the lumbar vein at the lateral zone with
the root artery (Figs. 3, 4, 5 and 7). Meanwhile, the ascending
lumbar vein or the lumbar vein accepted the transverse pro-
cess anterior vein and the subordinate branches of the verte-
bral lateral vein posterior plexus at the lateral zone of the LIF.

Running from the anteromedial vertebral vein or the an-
terolateral vein in the lateral recess, the intervertebral vein
was divided into a superior branch and an inferior branch,
which respectively ran upwards from the superior
transforaminal ligament and downwards from the inferior
transforaminal ligament. The L5/–S1 foramina tended to lack
the inferior branch of the intervertebral artery. The ascending
lumbar vein was located on the dorsal side of the anterior
branch of the spinal nerve, and adhered to the transverse pro-
cess root and tendinous arch of the intertransverse ligaments,
which collected the superior and inferior branches of the in-
tervertebral veins, the dorsal superior and inferior articular
veins, and the transverse process anterior veins at the lateral
zones of the LIF. The ascending lumbar vein was constant,
although the types and size of the vessels varied greatly.

The triangular working zones

Two zones relatively lacking in blood vessel and nerve (trian-
gular working zones) ran beside the lamina of the vertebral
arch and on the root of the transverse processus in the lateral
zones of the LIF. One was Kambin’s triangle (Fig. 3) and the
other was the midpoint of two neighboring transverse process
roots clinging tightly to the lamina (Fig. 3). Kambin’s triangle
is often regarded as a suitable approach for numerous lumbar
operations because it is thought to have a relative lack of blood
vessels and nerves. In this study, we found the ascending
lumbar vein and branches of the intervetebral vein in 12
Kambin’s triangles; only seven Kambin’s triangles lacked

any veins. These veins had a thin wall and large diameter.
The midpoint of the two neighboring transverse process roots
clung tightly to the lamina. The base line was composed of the
lateral border of the lamina and zygapophyseal joints, while
the upper and lower lines respectively comprised the upper
and lower articular arteries and veins (Fig. 3).

Discussion

The lower back pain caused by lumbar disc herniation and
other cause is a common clinical condition [24–26]. Many
surgical treatments focus on the lateral zones of LIF. The an-
atomical structures of LIF and its lateral zones are complex.
Therefore, familiarity with the structure is vital to the safety
and efficacy of the treatment. We hope our findings will be of
use to pain specialists and spine surgeons who routinely use
fluoroscopy and other techniques to access LIF, either percu-
taneously or by an open method.

The ligaments of the lateral zone of LIF

Golub et al. [21] suggested that the ligaments mentioned
above were abnormal tissues and were closely associated with
lower back pain, a view that was generally accepted and prop-
agated [18, 20, 27]. Nevertheless, some researches considered
them to be normal tissues, functioning as fixation and protec-
tion for nerves and vessels, or as mechanical stabilization for
the lumbosacral segments [19]. There has therefore been con-
troversy over the issue, although some anatomical and biome-
chanics experiments have been carried out [17–20, 27]. In the
opinion of the acupotomology community, the, ligaments in
the lateral zones are important factors in causing lower back
pain, and therefore blind incision and acupotomology lysis
have formed the basis of treatment for lumbar disc herniation
[2, 12]. Based on our findings in the current study, we con-
cluded that these ligaments have the following functions.

1. They act to fix the lumbospinal nerves to the intervetebral
foramina and its lateral zone fibers, and protect the nerve
from being dragged.

2. They support the lumbospinal nerves. One point often
overlooked is that the lateral zones are mostly shaped like
a keyhole or a triangle. The inferior transforaminal liga-
ment divides the LIF into a larger upper compartment and
a smaller lower compartment. The effective space within
these zones would become smaller if the inferior
transforaminal ligament were cut, and the nerve would
be easily compressed if the nerve root dropped down-
wards towards the inferior compartment of the
intervetebral tubes [28].

3. They protect blood vessels, especially the inferior branch
of the intervetebral vein inferior branch, which would be
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compressed by the spinal nerve without this ligament to
protect it.

Blind incision and lysis with acupotomology in lateral
zones of the LIF

There have been many reports about blind incision and
acupotomology lysis in the lateral zones of LIF. It is consid-
ered dangerous and has the potential for injury. In the current
study, we found that the transforaminal ligaments occurred
mostly in the upper lumbar foramina, but seldom at L4–5
and L5/–S1. However, lumbar intervertebral disc protrusion
often involved the L4–5 and L5/–S1 discs. In other words,
operations here were meaningless but increased the risk of
blood vessels and nerve injuries. The superior transforaminal
ligaments clinging to the inferior notch of the pedicle of the
vertebral arch could not be cut, but the superior branches of
the intervertebral veins were cut according to the operation
described in the literature. Blind incision of the inferior
transforaminal ligaments was impossible to carry out accu-
rately by acupotomology because of the long distance and
the obstruction of the ala of the ilium in the lateral zones of
L5/–S1 LIF. In addition, vessels and nerves in the L4-5 or L5/
–S1 foramina were vulnerable. As to the corporotranverse
ligaments, there was almost complete failure to cut them using
acupotomology because of the difficulty in location and ab-
scission by two to three cuts. Therefore, we advise avoiding
blind incision in the LIF by acupotomology.

Puncture or nerve root block through the triangular
working zones of the LIF

The most common complication of nerve root block via LIF,
anesthesia, or injection is injury to blood vessels and nerves.
We found that it was better to inject from the midpoint of the
two transverse process roots clinging to the lateral border of
the vertebral arch and lamina, until a feeling of hollow in
operations using nerve blocks in order to reduce injuries to
the upper and lower articular arteries and veins. Kambin’s
triangle is the approach taken for many lateral lumbar surger-
ies, and we advised that care should be taken in identifying the
veins running through it to avoid injury to the ascending lum-
bar vein or branches of the intervetebral vein, which were seen
in most of the Kambin’s triangles in our study.
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