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Background and objectives: Chronic nonspecific back pain is a common
clinical disease typically treated by ultrasound-guided spinal injection. This
minimally invasive treatment targets the posterior ramus of the spinal nerve
(PRSN). The target of the medial branch is clear, but there is unclear target for
the intermediate and lateral branches. This study attempted to observe the
distribution of PRSN in the dorsal region of transverse process to provide a more
detailed anatomical basis for treating spinal pain.

Methods: The present study was conducted on 16 transverse processes of six
adult male embalmed corpses. The dorsal area of the transverse process was
divided into three equal zones, which are zone |, zone Il and zone Il from inside
to outside. The origin, distribution, quantity, transverse diameter, and
relationship with the bone structure of the PRSN on the transverse process
were observed.

Results: Sixty PRSNs were found in the lumbar of six cadavers, of which 48 were
divided into three branches, and 12 PRSNs were divided into two branches. The
intermediate branch is mainly distributed in zone |, and the lateral branch is
mainly distributed in zone Il. Twenty-nine communicating branches were found
in 48 adjacent segments of six specimens, all of which originated from the
intermediate branch of the previous segment and connected with the lateral
branch of the next segment.

Conclusion: This anatomical study describing the PRSN may have important
clinical significance for spinal surgeons. Understanding the bony localization
targets of the PRSN and the links between the PRSNs may benefit patients with
low back pain who receive spinal injections.
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Highlights

The target of spinal pain injection therapy is the posterior
ramus of the spinal nerve, previous anatomical studies have
confirmed the injection target of medial branch, but the
injection targets of intermediate branch and lateral branch
are still unclear. We found that in the dorsal region of
transverse process, the intermediate branch is mainly
distributed in zone I and the lateral branch is mainly
distributed in zone II. A communicating branch exists in
adjacent segment. This study analyzed the posterior ramus
of the spinal nerve distribution on the transverse process to
provide a more detailed anatomical basis for the treatment of
spinal pain.

Introduction

Nonspecific chronic lower back pain is the leading cause of
disability worldwide (Hoy et al., 2014), with at least 80% of the
population experiencing lower back pain in their lifetime
(Rubin, 2007) approximately 5%-10% of those
progressing to chronic symptoms (Meucci et al., 2015). The

and

condition may affect the quality of life and cause psychological
problems such as pain-related disability, poor sleep,
depression, and anxiety (Gatchel et al., 2008). However, the
increasing expenditure on spinal injection therapy and
medical treatment has aggravated the global economic
burden (JannaChan and Richard, 2007). The posterior
ramus of the spinal nerve (PRSN) has received increasing
attention for diagnosing and treating lower back pain and
preventing disabling sequelae after spinal surgery. Zhou et al.
(2012) proposed that the PRSN was the cause of nonspecific
chronic lower back pain. The affected PRSN could be located
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FIGURE 1

Photo showing a dor sal side view. SL, supraspinous ligament; MM, multifidus muscle; Cr, cranial; IL, ilium. The red rectangle represents the

transverse process; the arrow (“—") denotes the intersegment traffic branch.
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and treated according to anatomical and clinical
manifestations (Zhou et al., 2012; Kim et al.,, 2014). The
syndrome is usually diagnosed with a nerve block and
treated with minimally invasive surgery (Manchikanti et al,,
2010; Manchikanti et al., 2013; Kim et al., 2014; McCormick
Zachary et al., 2015; Kreiner et al., 2020). However, the
positive rate of PRSN has been revealed to vary across
the of
acupuncture, and laser acupuncture is poor (Kreiner et al.,
2020).

The PRSN is usually small and distributed in the deep
muscles and corresponding parts of the skin of the nape,
back, waist, and buttocks, and its primary branching pattern

studies, and long-term  efficacy injection,

remains controversial (Bogduk et al., 1982; KatsuraSato, 2002;
Zhu et al., 2021). Ultrasound-guided treatment is recommended
for a better therapeutic outcome of the PRSN syndrome (Wang,
2018); however, accurate positioning is the key to treatment.
Saito et al. (2013) confirmed that the medial branch (MB) lies
consistently between the accessory and the mammillary
processes in the lumbar region and made a model diagram of
PRSN, but the precise bony positioning of the intermediate
branch (IB) and lateral branch (LB) remains unclear.
Therefore, the present study attempted to further anatomize
and observe the distribution of PRSN in the dorsal region of
transverse process and discuss its possible clinical significance to
provide a more detailed anatomical basis for treating spinal pain.

Materials and methods

The present study involved six adult male embalmed
cadavers (age range: 57-83 years; mean age: 69 years) without
local disease, surgery, or injury to the lumbar region and was
approved by the Ethics Committee of Guangzhou Development
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FIGURE 2

(A—D) photos displaying dorsal side of L2-L5 transverse
process. Cr, cranial; IB, intermediate branch; LB, lateral branch.
The red rectangle represents the transverse process; the yellow
arrow denotes the traffic branch.

District Hospital (GZ2022006. 27 April 2022). All specimens
were collected and processed by the Teaching and Research
Section of the Department of Anatomy, Southern Medical
University, according to relevant scientific research, laws, and
other regulations.

The origin, distribution, quantity, and transverse diameter of
the PRSN of the L1-L5 transverse process and its relationship
with bone structure (60 transverse processes in total) were
studied.

The corpses were placed in a prone position, the lower back
skin was incised, and the superficial fascia, fat, latissimus dorsi,
and serratus posterior inferior were dissected to expose the
erector spinae. In the lumbar intervertebral foramen area of
L1-L5, the muscles were removed layer by layer by slotting, and
the PRSN was exposed (Figure 1). The dissection was performed
under a surgical microscope (Carl Zeiss, Jena, Germany) to
identify and preserve all nerve branches and adequately
expose them and the transverse process (Figure 2).

The dorsal area of the transverse process was divided into
three equal zones. The zone near the posterior midline was
defined as zone I, the middle zone as zone II, and the area
near the outside as zone III (Figure 3). The number, origin, and
spatial orientation of nerves were checked in each area of the
L1-L5 transverse process, photos were taken with a camera, and
the diameter of the nerves was measured with vernier calipers
accurate to 0.1 mm (Nscing Es, Nanjing, China).
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FIGURE 3

A diagram showing the division of the dorsal area of

transverse process. The dorsal area of transverse process is divided
into three zones. The zone near the posterior midline was defined
as zone |, the middle zone as zone I, and the area near the
outside as zone Il

TABLE 1 The branching pattern of the posterior ramus of the spinal
nerve.

Segment Three branches Two branches
L1 10 2
L2 12 0
L3 10 2
L4 12 0
L5 4 8

Sixty PRSNs of all segments were investigated (unit: PRSNs).

The measurements were analyzed using SPSS software
version 26.0 (IBM SPSS Statistics for Windows; IBM) and

«—

expressed in the form of “x + s (minimum/maximum)”.

Results

Types of primary branches of the posterior
rami of spinal nerves

Sixty PRSNs were found in the lumbar intervertebral
foramina of six cadavers, and 48 (80%) PRSNs were divided
into three main branches, namely MB, IB, and LB. Twelve (20%)
PRSNs were divided into two main branches, MB and LB. In
L2 and L4 segments, 12 (100%) PRSNs were divided into three
main branches; in L1 and L3 segments, ten (83.3%) PRSNs were
divided into three branches, and two (16.7%) PRSNs were
divided into two branches. In the L5 segment, four (33.3%)
PRSNs were divided into three branches, and eight (66.7%)
PRSNs were divided into two branches. The types and
numbers of the posterior rami of the spinal nerve are
displayed in Table I.
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TABLE 2 The measurement of the intermediate branch and lateral branch in the lumbar region “x + s (minimum-maximum).”

Intermediate branch

Segment Part Number Diameter (mm)

L1 I 4 0.5 + 0.4 (0.2-1.1)
i 6 1.3 £ 0.5 (0.4-1.7)
111 — —

12 I 9 0.5+ 0.3 (0.3-1.2)
il 3 0.4 + 0.5 (0.1-1)
111 — —

L3 I 10 0.6 + 0.3 (0.2-0.9)
I — —
11 — —

L4 I 10 0.3 + 0.2 (0.1-0.7)
1 2 0.4 + 0.4 (0.1-0.7)
111 — —

L5 I 4 0.2 + 0.1 (0.1-0.3)

1I — —
111 — —

Distribution of the intermediate branch on
the dorsal side of the transverse process

Forty-eight intermediate branches passed through the
back of 16 transverse processes in six specimens, of which
ten IB passed through the back of the L1 transverse process,
four (40%) in zone I and six (60%) in zone II). Twelve IB
passed through the back of the L2 transverse process, nine
(75%) in zone I and three (25%) in zone II. Ten IB passed
through the back of the L3 transverse process, all in zone I.
Twelve IB passed through the back of the L4 transverse
process, ten branches (83.3%) in zone I and two branches
(16.7%) in zone Il. Four IB passed through the back of the
L5 transverse process, all in area I. The diameter, number, and
distribution of the IBs are displayed in Table 2.

Distribution of lateral branch on the dorsal
side of the transverse process

Sixty lateral branches passed through the back of
16 transverse processes in six specimens, of which 12 LB
passed through the back of the L1 transverse process, one
(8.3%) in zone I, seven (58.3%) in zone II, and four in zone III
(33.3%). Twelve LB passed through the back of the
L2 transverse process, 11 (91.7%) in zone II and 1 (8.3%)
in zone III, and 12 LB passed through the back of the
L3 transverse process, two (16.7%) in zone I and ten
(83.3%) in zone II. Twelve LB passed through the back of
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Lateral branch

Segment Part Number Diameter (mm)
L1 I 1 1
11 7 0.6 + 0.2 (0.3-0.8)
111 4 0.4 + 0.2 (0.2-0.6)
12 I — _
I 11 1.4 + 0.5 (0.7-2.3)
11 1 0.2
L3 I 2 1.0 0.2 (0.8-1.1)
I 10 0.8 + 0.4 (0.2-1.5)
11 — —
L4 I 2 0.3 + 0.1 (0.2-0.3)
I 8 0.3 + 0.2 (0.1-0.6)
111 2 0.3 + 0.1 (0.2-0.3)
L5 I 4 0.2 + 0.1 (0.1-0.2)
il 7 0.2 + 0.1 (0.1-0.3)

0.3

the L4 transverse process, two (16.7%) in zone I, eight (66.7%)
in zone II, and two (16.7%) in zone III. Twelve LB passed
through the back of the L5 transverse process, four (33.3%) in
zone I, seven (58.3%) in zone II, and one (8.3%) in zone III.
The diameter, number, and distribution of the LB are
illustrated in Table 2.

Traffic in the posterior rami of the spinal
nerve

Twenty-nine communicating branches were found in
48 adjacent segments of six specimens, all of which originated
from the middle branch of the previous segment and connected
with the posterolateral branch in the next segment (see Figure 1).
The L1-2 segment has six traffic branches, the L2-3 segment has
ten traffic branches, the L3-4 segment has nine traffic branches,
and the L4-5 segment has four traffic branches.

Discussion

We found that in the dorsal region of transverse process, the
intermediate branch is mainly distributed in zone I and the
lateral branch is mainly distributed in zone II. A communicating
branch exists in adjacent segment. This study analyzed the
posterior ramus of the spinal nerve distribution on the dorsal
side of transverse process to provide a more detailed anatomical
basis for the treatment of spinal pain.
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The branching pattern of the posterior
ramus of the spinal nerve

The primary branching pattern of the lumbar PRSN is still
controversial. Previous textbooks and studies have divided the
PRSN into two main branches, the medial and the lateral
(Bogduk et al., 1982; Cohen and Raja, 2007; Berry et al., 1995;
ten Donkelaar et al., 2018). Bogduk et al. (1982) was the first
anatomist to accurately describe the PRSN and divided the PRSN
into three branches: MB, IB, and LB. Saito et al. (2019) conducted
an anatomical study using the ventral approach and found that
most of the PRSN in the lumbar segment was divided into three
branches, of which the L3 and L4 segments were all divided into
three branches, and the L5 segment also had three branches.
Similarly, our careful dissection of cadavers through the dorsal
approach revealed that the PRSN is mainly divided into three
primary branches in the L1-L4 segment and two primary
branches in the L5 segment; therefore, there is no fixed
pattern for the primary branches of PRSN.

Clinical relevance of posterior ramus of
the spinal nerve

Spinal dorsal ramus mediated back pain is the second most
commonly described condition originating from pathology
involving posterior branches of lumbar spinal nerves (Kozera
etal, 2017). Bogduk (1980) proposed the concept of the lumbar
dorsal ramus syndrome in 1980. The dorsal rami of the spinal
nerve contain sensory fibers from the skin, subcutaneous and
deep tissues, and viscera (Sharma et al., 2021). The MB innervates
the area from the midline to the facet joint line, the IB supplies
the longissimus muscle, and the LB supplies tissue outside the
facet joints (Shao, 1992; Saito et al., 2006; Kozera and Ciszek,
2016). Selective dorsal branch block or amputation is equivalent
to interrupting the path of sensory signals to the brain, thereby
reducing pain. Therefore, the precise positioning of the PRSN is
particularly important.

Previous studies have confirmed that the MB lies consistently
between the accessory and the mammillary processes in the
lumbar region. Kennedy et al. (2018) proposed that the
junction of the superior articular process and the transverse
process could be the target of MB injection therapy. The
clinical use of ultrasound-guided technology for targeted spinal
injection has increased with bedside portable ultrasound, as this
technology can reduce the medical burden of radiation guidance
and avoid radiation exposure. At present, MB injection under the
guidance of B-ultrasound has been widely used in clinical practice,
but the therapeutic targets of the IB and the LB are still unclear, and
there is a lack of relevant clinical data. Anthony and Satishchandra
(2014) demonstrated considerable variability in the location of the
MB and LB of the dorsal branch through a cadaveric study. The
present study revealed that on the dorsal side of the transverse
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FIGURE 4
Examples of a digital model of the posterior rami of the
lumbar spinal nerve.

process, the IB is mainly distributed in zone I, and the LB is mainly
distributed in zone II. On the one hand, if the surgeon separates the
erector spinae too far or operates in the transverse process area, the
PRSN may be damaged, resulting in sensory or motor dysfunction.
Therefore, when the surgical site involves the vicinity of transverse
process, the PRSN should be carefully identified. On the other
hand, we can identify the dorsal side of transverse process by
ultrasound and X-ray machine and divide it into three equal zones.
According to the anatomical results, we can make a diagnostic

frontiersin.org


https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org
https://doi.org/10.3389/fcell.2022.1019309

Zhang et al.

block test on the primary branch of the PRSN. If the diagnosis
result is positive, we can consider accurately cutting the primary
branch of the PRSN under percutaneous endoscope. Park and
Kwak (2014) found that injection therapy at transverse process
fractures can significantly relieve the patient’s low back pain, which
confirms our conjecture. We hypothesized that the displacement
of the fracture end stimulates the IB and LB to cause pain, and the
injection therapy interrupts the pain signal conduction to achieve
an analgesic effect.

There are reports that rhizotomy failed to relieve the symptoms
of low back pain (Sindou et al., 2001), which may be related to the
existence of communicating branches between the posterior
branches of adjacent spinal nerves. Steinke et al. (2009) found
through anatomy that the intermedial branch develops a short
ventral branch, whereas the dorsal branch is long. The short
ventral branch of the intermedial branch of the PRSN innervates
the an intermediate muscular compartment from the ventral side
and the
compartment from the dorsal side. We not only found that the

dorsal innervates the an intermediate muscular
intermedial branch was divided into two branches, but also found
that the short ventral branch of the previous segment was connected
to the LB of the next segment (Figure 4). If blocking the LB may not
completely block the transmission of pain signals, we suggest
blocking the IB and LB of the same segment simultaneously;
however, this requires further clinical verification.

Our study is based on morphological observations; the
measured data and texture of embalmed carcasses may differ
from living tissues, the measurement of vernier caliper may be
biased, and nerves may shift during dissection. Furthermore,
the small sample size, the time taken for careful dissection of
each part, and the sex inequality in the study (cadavers were all
adult males) prevent the generalization of the findings to the
entire population. However, despite these limitations, we
believe the study findings complement the anatomical
knowledge of the PRSN, thus benefiting clinicians and
patients with pain associated with the PRSN.

Conclusion

This systematic anatomical study describing the PRSN in the
dorsal region of transverse process may have important clinical
significance for spinal surgeons and pain doctors. Understanding
the bony localization targets of IB and LB, as well as the
connections between the PRSN, may bring significant benefits
to patients with low back pain who receive a spinal injection.
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