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Histologic Observation and Significance
of Sympathetic Nerve Fiber Distribution on Human

Cervical Ligamentum Flavum
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Objective: To study the distribution of sympathetic nerves of the ligamentum flavum (LF), confirm its existence by his-
tological observation and nuclear magnetic resonance spectroscopy, and analyze the relationship between sympa-
thetic nerve fibers and the biomechanical structure of the LF.

Methods: Randomly controlled scientific research selected 15 cases of posterior surgery in the affiliated hospital of
Qingdao University from January 2013 to December 2019. The average age was 67.5 ± 14.5 years old, eight males
and seven females. The LF specimens (completely separated fresh tissue) of different segments (C3-7) were taken
during the operation. Two pages of LF specimens on the left and right sides of the same segment are randomly allo-
cated by the pairing method for formalin fixation and cryopreservation in liquid nitrogen. LF specimens extracted
from seven other adult cadaver specimens (average age at death of about 56.8 ± 4.0 years, three males and four
females) were used as a control group; together with formalin- fixed specimens obtained during surgery, 3D slices
were given layer by layer. The distribution of sympathetic nerves in different parts of the LF was analyzed by glyoxylic
acid-induced biological monoamine fluorescent technique (SPG) and hematoxylin–eosin (HE) staining. Fifteen liquid
nitrogen storage specimens were divided into the back of the LF and the spinal canal through frozen sections, and
were analyzed by nuclear magnetic resonance spectroscopy-hydrogen spectrum (1H -NMR) for neurotransmitters and
neurometabolites.

Results: There were type C sympathetic nerve fibers in the LF, which were divided into linear shape (α) and wave
shape (β). Experimental group (χ2 = 1.705, P > 0.05) and control group (χ2 = 0.879, P > 0.05) can detect no dif-
ference in fluorescence units. Nerve fiber transmitter metabolites choline (Cho), creator (Cr), γ-aminobutyric acid
(GABA) also indicate that the sympathetic nerve is present in the LF. LF sympathetic nerve fibers were mainly dis-
tributed in the proximal spinal canal surface, nerve fibers on the medial belt (area II) were fewer than the lateral
belt (area I) (W = 210, P < 0.05). The 1HNMR spectrum of LF spinal canal PG / Cho (t = 8.721, P < 0.05), GABA
(t = 16.01, P < 0.05) value increased, lactic acid (Lac) / Cr (t = 4.213, P < 0.05), Cho / Cr (t = 2.402, P < 0.05)
value decreased, indicating that nerve fibers are actively metabolized on the surface of the spinal canal, mainly
distributed in tube surface. βtype fibers were more often distributed around microvessels. A small amount of α
type fibers went next to the vascular structures, while α type fibers and β type fibers go cross within LF. Two
patients with vertebral artery dissection had no recurrence of sympathetic symptoms within a total of 12 follow-
ups 2 years after discharge.
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Conclusions: There are many sympathetic nerve fibers distributed on LF, and their distribution may be correlated with
histological and mechanical characteristics of LF. It may also be the anatomical basis of cervical vertigo.
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Introduction

Recent studies on clinical practice experiences of cervical
vertigo (CV) are also closely related to the classification

of the cervical spondylosis. Traditional “CV” mainly refers to
“cervical spondylotic arteriopathy” and “sympathetic cervical
spondylosis,” but the existence of “CV” is highly controversial1.

Since Barre and Lieou put forward Barre–Lieou syn-
drome2, the understanding of CV is developed from “due to
vertebral basilar insufficiency (VBI) of vertebral artery cau-
sed by oppression of uncovertebral joint hyperplasia on
lumens”3 to the widely accepted theory of “symptoms caused
by stimulations of uncovertebral joint osteophytes on sympa-
thetic nerves of vertebral artery”4, gradually formed doctrines
represented by “mechanical compression of vertebral artery”,
“dysfunction of vertebral-basal artery circulation”, “sympa-
thetic nerve stimulation”5–9, etc. But some clinical phenome-
non are not well explained. However, it provides a new way
of thinking about studies on sympathetic factors in ligament
system around cervical canals and gradually reveals the
important role of sympathetic factors in the causes of CV
(Appendix S1–S3). As elaboration on the role of sympathetic
factors in the causes of CV draws more and more attention,
Yu Tengbo et al.10 stated that there existed an obvious
hemodynamic change of vertebral artery after stimulation on
cervical sympathetic ganglion. They put forward that the
sympathetic nerve in the neck was likely to be the main
cause affecting hemodynamics, and constructed a “sympa-
thetic nerve-hemodynamics-central nerve” reflex regulation
mechanism. Anatomic studies also find that sinuvertebral
nerves in human C2-6 intervertebral foramens are from the
corresponding meningeal branch of sympathetic ganglion.
These nerves are distributed to the tissues in the spinal canal
and around intervertebral foramen including the posterior
longitudinal ligament (PLL)11,12. Experiment findings on
human ligament confirm the distribution of sympathetic
nerve fibers in PLL13, intervertebral disc, articular process,
joint capsule, and tissues around vertebral canal14–16. Confir-
mation on the existence of sympathetic nerve fibers and
understanding on their distribution characteristics help to
resolve the potential causes of the symptoms. This allows us
to remark that the human cervical sympathetic peripheral
nerves tend to distribute in anatomical structures related to
cervical biomechanics with certain dynamic characteristics,
while no nerve fibers are found in static bony structures such
as vertebral body and vertebral arch. Ligamentum flavum
(LF), as a special elastic protein connective tissue behind the
canal to maintain the stability of the cervical spine, presents
different biomechanical characteristics17. Therefore, followed
by PLL, LF is selected as the research object, which can help

to understand the distribution mode of sympathetic nerves
under the background of biomechanics, thus the possible
characteristics and significance can be assumed.

It has not been confirmed whether there are sympa-
thetic nerve fibers in LF similar to those in PLL, inter-
vertebral disc, and articular capsule. And it has not yet been
reported about the existence of sympathetic nerves in human
cervical LF and its characteristics. If the existence can be
found, the universal distribution law of sympathetic nerve
fibers in cervical soft tissues can be perfected, thus the theory
of sympathetic nerve stimulation can be perfected.

The purpose of this study is to: (i) confirm the exis-
tence of sympathetic nerve fibers on the LF by glyoxylic
acid-induced biological monoamine fluorescent technique
(SPG) and nuclear magnetic resonance spectroscopy-hydro-
gen spectrum (1H-NMR); (ii) by observing and comparing
the characteristics of sympathetic nerve distribution in differ-
ent regions and locations of the LF, speculate its possible
pathophysiological significance; and (iii) combined with
reports of clinically rare cases of “vertebral artery dissection,”
analyze the possible relationship and clinical significance of
sympathetic nerve and CV.

Materials and Methods

Inclusion and Exclusion Criteria
Cervical LF tissues were obtained from all patients who
underwent posterior cervical spine surgery in the affiliated
hospital of Qingdao University from January 2013 to
December 2019 and agreed to participate in the experiment.
The average age was 67.5 ± 14.5 years (eight males and seven
females). Other cadaver specimens were selected. The aver-
age age at death was about 56.8 ± 4.0 years (three males and
four females). They were segregated into two groups: biopsy
specimens and cadaveric specimens.

Inclusion criteria for the experimental and control
groups.

Experimental group (biopsy specimens): (i) due to
degeneration around the spinal canal and secondary changes,
there were patients with symptoms or signs caused by
oppression on spinal cord and blood vessels, etc； (ii) in
imaging examination (DR, CT, MRI), there were patients
who objectively required posterior cervical spine surgery and
(or) removal of all lamina and corresponding left and right
two LF；(iii) the left and right LF of the same segment are
symmetrical, and the pairing is randomly divided into two
groups: formalin fixation and liquid nitrogen preservation.
Formalin-fixed specimens are equally divided into lateral belt
(area I) and medial belt (area II) bands, and liquid nitrogen
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preservation specimens are equally divided into the back of
the LF and the LF spinal canal; (iv) sympathetic nerve fibers
are widespread in the LF; and (v) randomized controlled
study.

Control group (cadaver specimens): (i) adult cadaver
without history of cervical vertebra disease who died of non-
cervical vertebra diseases were selected. The bodies were
treated by formalin for more than 1 year without obvious
malformation, trauma, and degeneration excluded by the
naked eye. All cadaver specimens meet all ethical require-
ments and retain the right of the donor’s family to know; (ii)
the LF specimens were cut into slices and treated with for-
malin in the experimental group; (iii) the staining result is
compared with the experimental group; and (iv) there are
sympathetic fibers in the LF.

Exclusion criteria for both groups: (i) those who do
not meet the ethical requirements; (ii) injury, loss, asymme-
try, developmental defect, ossification, tumor of the LF;
(iii) patients who deny symptoms related to cervical spine;
(iv) patients with endocrine and any metabolic diseases
(including before birth); (v) the cadaver specimens were not
treated with formalin; (vi) any patient who had undergone
cervical surgery before obtaining the specimen; and
(vii) incomplete imaging data.

Ethical Approval
The study was approved by the human ethics committee of
the Affiliated Hospital of Qingdao University and the Ethics
Office of Qingdao University. The ethics approval document
number is QDFY-20-1013-11. All patients and cadaver fam-
ily members provided written informed consent and the pro-
ject was in accordance with the Helsinki Declaration of 1975.

Surgery Process

Anesthesia and Position
In patients undergoing posterior cervical spine surgery, a
venous channel is established behind the patient’s room to
monitor body temperature, pulse, respiration, blood pressure,
and blood oxygen saturation. Anesthesia induction: target-
controlled infusion of 1.5–4.0 ug/mL propofol (Jiabo Phar-
maceutical Co., Ltd., Guangzhou, China), 3–6 ng/mL
sufentanil citrate (Renfu Pharmaceutical Co., Ltd., Yichang,
China), after the patient’s consciousness disappeared, intra-
venous infusion of 0.15 mg/kg cis atracurium (Hengrui Phar-
maceutical Co., Ltd., Jiangsu, China). Intubation of video
laryngoscope. During the operation, sevoflurane (Hengrui
Pharmaceutical Co., Ltd., Shanghai, China) was maintained
by inhalation, and cis-atracurium, sufentanil citrate, and
propofol were used to maintain anesthesia. Position the body
in the prone position, with the neck flexed forward, and tape
the shoulders toward the foot. The upper extremities were
fixed posteriorly and the cranial part was fixed in a “head-to-
foot 15�position,” fully revealing the posterior part of the
neck (Fig. 1E); the autopsy operation was the same as the

conventional operation group except that there was no anes-
thesia and disinfection procedures.

Approach and Exposure
Preoperative imaging data comprehensively determine the
“post-cervical vertebral laminectomy and screw fixation”
method (Fig. 1A–C): take a mid-posterior cervical incision,
cut the skin, subcutaneous and deep fascia layer by layer,
and cut the ligament of the item. A blunt dissection of the
paravertebral muscles along the midline reveals the spinous
processes, lamina, facet joints, and transverse processes that
require decompression. The Addison’s retractor is used to
retract the bilateral paravertebral muscles. Drive appropriate
pedicle screws or lateral mass screws on both sides (Fig. 1F,
G), and drill a longitudinal bone groove with a width of
about 2.5 mm along the medial edge of the bilateral facet
joint. The bottom of the bone groove is deep to the lower
cortex (inner plate) of the lamina. Lamina bone forceps
stealthly bite off the inner cortical bone, the nerve peeler
carefully peels the adhesion of the outer edge of the LF and
the dura mater, and both sides simultaneously expose the
decompression spinal canal18 of the total lamina, and the
lamina is combined with the continuous LF. The specimen is
submitted for inspection (Fig. 1D). Flush the incision and fix
the longitudinal rod. The operation was completed after fur-
ther treatment of the wound.

Rare Case Studies
In this study, two relatively rare patients with “vertebral
artery dissection” were both from the same research unit and
were admitted to the emergency department within the time
limit (Figs 2 and 3). The medical history and case data were
provided by the neurointerventionist with the patients’
knowledge and consent. The symptoms of “sympathetic
excitement,” mainly “dizziness,” were treated with anti-
platelet and anticoagulant in emergency, and sympathetic
symptoms were significantly improved. The treatment expe-
rience of this rare case provides a certain degree of patho-
physiology for this case illustration. After the patients were
discharged from the hospital, they were followed up for
“sympathetic symptoms” once every 2 months for 2 years,
and the recurrence of symptoms and subjective feelings were
recorded.

Paraffin Section
During paraffin embedding19, each specimen was divided
into two areas (lateral, area I; medial, area II) with equal
width according to the width of LF. Specimens were given
3D sectioning in a sequence of coronal section, sagittal sec-
tion, and axial section (to ensure the largest observation
area), namely serial section along and vertically to the direc-
tion of ligament fibers. Coronary section was positive and
negative sections of deep and shallow LF; sagittal sections
were divided into area I and II; and axial sections were area
far away from attachment points of LF which were of obvi-
ous characteristics. Number of sections in each direction was
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not less than five, and the thickness was controlled
in 3–4 μm.

Observation of Results and Data Processing
All sections were detected by fluorescence microscope
(Olympus, Tokyo, Japan). Tuning excitation wavelength was
410 nm. Microscope was performed on sections of different
areas and space directions at high magnification (×400)
under fluorescence conditions. And image analysis software
Image-Pro Plus 9.0 (Media Cybernetics Inc., Rockville,
Maryland, USA) was supplemented for qualitative analysis.
In all view fields, dotted or linear fluorescence was consid-
ered as a valid counting unit to record the detection value of
each section, and each section with effective fluorescent unit
of fixed area >5 was a positive microscope result.
Corresponding data were measured and recorded for statisti-
cal processing.

Morphological Measurement of Sympathetic Nerve Fiber
Fluorescence Imaging
Fluorescent units of the two types of nerve fibers from
20 cases of coronary or axial sections with positive fluores-
cence expression were randomly selected. Based on image
measurement analysis, width value of fluorescence units of
each section were recorded.

NMR 1H Spectrum Detection
Biopsy and cadaver groups of LF tissue specimens were
extracted from liquid nitrogen, each case in the group
(a total of 15 cases) was about 250 mg, and the tissue slicer
“scale equally” was used to quickly cut deep tissue (spine
canal) and shallow layer (back) of tissue at −25�C. Add 50%
acetonitrile (CH3CN) (Honeywell Burdick & Jackson Inc.,
Michigan, USA) and 50% H2O, make a homogenate in an
ice bath, centrifuge at 50�C for 20 min at 4�C, and treat the

A

E F G

B C D

Fig. 1 Female, 50 years old, “cervical spinal stenosis” patient: (A) Preoperative CT showed PLL C2-7 posterior longitudinal ligament ossification

(OPLL), developmental cervical spinal stenosis; (B) Preoperative nuclear magnetic resonance showed C3-5 segment cervical spinal cord pressure; (C)

MRI C3/4 level T2WI axial image, showing that the lamina ligament attached to the back of the lamina is normal in shape; (D) The C3-5 intact whole

lamina-LF complex removed during the operation is the same after the ligament is peeled off, segmental LF specimens were fixed with formalin and

preserved with liquid nitrogen; (E) The “head-to-foot sole 15�” posterior cervical surgery posture; (F) Pedicle-side block screw fixation after total

laminectomy during operation; (G) Cervical spinal cord decompression after total laminectomy and fixation.
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A B

DC E F

Fig. 2 Female, 32 years old, “vertebral artery dissection” patient: (A) Admission cranial MRI examination T1WI showed normal cerebellum and

intracranial structure; (B) Admission MRA examination showed normal vertebral-basal artery circulation and vascular structure; (C) Emergency DSA

examination showed vertebral artery V4 segment vascular dissection (anteroposterior imaging); (D) Vertebral artery V4 segment vascular

dissection combined with stenosis (lateral imaging); (E) Follow-up after anticoagulation and antiplatelet therapy, and then follow-up DSA examination

shows stable dissection (anteroposterior imaging); (F) Follow-up DSA (lateral imaging).

A B

D E FC

Fig. 3 Female, 39 years old, “vertebral artery dissection” patient: (A) Admitted cranial diffusion-weighted imaging (DWI) examination showed normal

cerebellum and intracranial structure; (B) Apparent diffusion coefficient (ADC) showed normal cerebral nerve structure and function, excluding space-

occupying lesions; (C) Emergency DSA examination showed vertebral artery V3 segment vascular dissection (anteroposterior imaging); (D) Vertebral

artery V3 segment vascular dissection with stenosis (lateral imaging); (E) Follow-up after anticoagulation therapy and then DSA examination show

that the dissection is stable (anteroposterior imaging), (F) Follow-up DSA (lateral imaging).
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supernatant and precipitate separately. Take the supernatant
after centrifugation, blow off CH3CN with nitrogen, add it to
the freeze dryer, and freeze-dry for 5 h. Take out the dried
sample, add 500 uL of deuterium oxide (D2O) (Nanjing
Chemical Reagent Co., Ltd., Nanjing, China) and 100 uL of
10% TSP. After mixing, centrifuge at 14,000 × g for 20 min
(to remove the precipitated particles of the tissue in the solu-
tion), and take 550 uL of the supernatant. The precipitate
after centrifugation was taken, extracted with 2 mL of a solu-
tion of 75% trichloromethane (CHCl3) (Sigma-Aldrich LLC.,
Shanghai, China) and 25% methanol (CH3OH) (Jiexing Bio-
technology Co., Ltd., Shanghai, China) and centrifuged at
50�C for 15 min at 4�C. Take the supernatant and blow off
CH3CN with nitrogen, put it in a freeze dryer and freeze-dry
for 5 h. Take out the dried sample, add 600 μL of 75% chlo-
roform-D (CDCl3) (Estop Inc., Wuhan, China) / 25% meth-
anol-D4 (CD3OD) (Estop Inc., Wuhan, China), leave it for
10 to 15 minutes, and centrifuge at 14,000 × g for 10 min.
Take the supernatant and mix with the supernatant. The
samples were transferred into 3 mm nuclear magnetic
tubes, and the three-axis gradient was used in a Bruker
500 MHz NMR spectrometer (Bruker Inc., Belgium, Ger-
many) using a probe (ID500-5EB, Nalorac cryogenic Co.,
Ltd., USA) to obtain 1H spectra of tissue samples. The
jMRUI 6.0 software20 (Stephen Provencher Inc., Canada)
was used to remove water. Combine and identify substances
for each peak integration (Fig. 4). Integrate the peak values
of five metabolites: choline (cho), creator (Cr), proteoglycn
N-Acetyl resonance (PG), γ-aminobutyric Acid (GABA),
and lactate (Lac). The Lac / Cr, PG / Cho, Cho / Cr, GABA
values are compared.

Statistical Analysis
The obtained data should be analyzed with SPSS 25.0 (IBM,
USA) statistical software package, count the number of slices

showing fluorescence units, and calculate the ratio with the
total number of slices. The positive rate value of the obtained
fluorescence slice is expressed as a percentage (%). Measure
the fluorescence unit fluorescence photometric value on dif-
ferent slices, and take the average value for multiple mea-
surements. The measurement data is described by (x ± s).
The distribution of fluorescence photometric values lateral
and medial belt of the LF was tested by Wilcoxn rank sum
test of two pairs of samples. NMR data is directly integrated
by the jMRUI 6.0 software to obtain the absolute quantitative
value. The fluorescence positive rate of each slice, the fluores-
cence positive rate of the two groups of specimens, and the
distribution of nerve fiber types at different locations of the
LF were compared using the chi-square test, and the com-
parison of the ratios of metabolites in the NMR 1H-spectrum
was by t test; P < 0.05 was considered statistically significant.
GraphPad Prism 8 (GraphPad Software, USA) was used to
draw the fluorescence photometric curve.

Outcome Measures

Biological Monoamine Fluorescent (SPG)
Glyoxylic acid can react with amine groups of catechol-
amines in sympathetic nerve fibers to mark neurotransmitter
biomolecules. After staining sympathetic nerve fibers of dif-
ferent directions, spot or linear fluorescence expression can
be observed, and its count value is the fluorescence value.
The ratio of the fluorescence expression on the statistical
section is defined as the fluorescence positive rate. The appli-
cation software measures the brightness of the fluorescence
unit to obtain the fluorescence photometric value. These can
directly reflect the shape and density of sympathetic nerve
fibers in tissues.

A B

Fig. 4 (A) 1H-NMR spectrum of the tissue of the LF back, showing that the content of choline (Cho) and creator (Cr) of peripheral neurotransmitter

metabolites is significantly lower than that of the spinal canal, while proteoglycn N-Acetyl resonance (PG) and γ-aminobutyric Acid (GABA) and lactate

(Lac), as metabolites of isolated tissue, were not different from those of the LF of the spinal canal; (B) 1H-NMR spectrum of the LF of the spinal

canal, with PG as the main constituent, Cho and Cr representing metabolites of peripheral neurotransmitters, and increased metabolism in isolated

specimens GABA.
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Classification of Sympathetic Nerve Fiber Morphology
C-type sympathetic nerve is a kind of post-ganglionic adren-
ergic non-myelinated nerve fiber. The nerve fiber diameter is
0.7–1.2 um and belongs to the sensory nerve. It is currently
found to be linear (αtype) and wavy (βtype). Morphological
measurement mainly depends on SPG. The method of
staining is directly measured according to the fluorescent
expression form. The unit is expressed in um. The different
characteristics of its different types of distribution may have
important significance for the study of the cause of cervical
vertigo.

NMR 1H Spectrum Metabolites
NMR 1H spectroscopy is an application of the NMR effect of
hydrogen-1 in molecules to NMR spectroscopy. The NMR
1H spectra of most bioorganic compounds are characterized
by chemical shifts and spin coupling between +9 and 0 ppm.
The integral curve of the proton peak reflects its abundance.

Metabolite Parameters
Several of the most abundant and metabolic substances
related to nerve structure in this study are: Cho, a
choline-containing complex, including phosphocholine and
phosphoacetylcholine, is a precursor of the important neuro-
transmitter acetylcholine and its main peak is located at
2.90–3.25 ppm; Cr, including creatine and creatine phos-
phate, is related to energy metabolism and is a reserve form
of high-energy phosphate, and its main peak is located at
3.03–3.6 ppm; PG is used to represent the main proteogly-
cans and collagen ingredients, and assists in understanding
the degree of decomposition of proteoglycan matrix and col-
lagen matrix, with its main peak located at 2.04–2.10 ppm;
GABA, is the main inhibitory neurotransmitter in the central
nervous system, the expression is not high in the peripheral

nerve but in the adrenergic nerve transmitters co-exist,
the main peak is located at 2.35–3.02 ppm multiple peaks
and often overlapps with other substances, the peak at
2.35–2.40 ppm is used as the index peak; Lac is an indi-
cator of ischemic injury, is often used as the reference
substance for the comparison of spectral substances, and
is located at 1.31 ppm.

Ratio of Metabolite Parameters
The rate of metabolic parameters are as follows: Lac/Cr,
mainly represents the degree of tissue ischemia and hypoxia,
objectively reflects the distribution of microvessels and
metabolite changes after nerve fiber destruction; PG/Cho,
used to represent the relationship between nerve fiber and
proteoglycan, its objective is to describe the structural distri-
bution of sympathetic nerves in the ligamentum flavum;
Cho/Cr is related to the activity of neurotransmitter metabo-
lism. As Cr increases, neurotransmitters are also consumed.

Results

General Results
In the fifteen cases of posterior surgery, the average age was
67.5 ± 14.5 years old, eight males and seven females. There were
also seven adult cadaver specimens, the average age at death
was about 56.8 ± 4.0 years, withthree males and four females.

Histological Observation on Sympathetic Nerve Fibers of
Sections of Human Cervical Ligamentum Flavum (LF) at
Different Directions
Sympathetic nerve fibers were scattered among thick LF elas-
tic fibers, which was observed on a shallow area of LF (area I
and II), namely sections near surface of spinal canal
(Fig. 5A). Most of the nerve fibers were distributed vertically,

A B

Fig. 5 (A) Linear and wavy sympathetic nerve fibers with yellow-green fluorescence among the LF nerves were observed in sections near surface of

spinal canal under high-power microscopy (×400); (B) Linear and wavy sympathetic nerve fibers with yellow-green fluorescence among the LF that

near the zygopophysis, nerves were observed in sections of different directions (×400).
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with the fibers and some linear fibers moving out from the
fiber bundle in a cluster shape; these were associated with
sympathetic nerve fibers in joint capsule near the
zygopophysis (Fig. 5B). Serial section was adopted on the
same specimen and the adjacent slices with high quality were
selected for HE staining and SPG staining, and the results
were observed and analyzed. Some perforator vessels of arte-
rioles were among LF fiber bundle. Under HE staining, arte-
riole structure in area I mainly went along LF fiber (Fig. 6A)
while rarely went perpendicularly to the fibers; whereas in
area II, different amounts of veins without arteriole structure
went perpendicularly to the ligament fibers (Fig. 6C). A small
amount of blood cells can be observed in lumens of axial sec-
tions in area I under fluorescent staining, and clear arterial

wall can also be observed; and, in addition, adipocyte cells
were scattered in epidural adipose tissue and lateral ligament
(Fig. 6B,D), which were in line with the anatomic perfor-
mances of the peripheral LF7. Some short and wavy short
nerve fibers were around the outer wall of the vessel cavity.
These nerve fibers were not concentrated in a section but
scattered around (Fig. 7A–C).

Linear sympathetic nerve fibers that went out from LF
in clusters can be observed on coronary sections of area I,
mixed with some wavy sympathetic nerve fibers (Fig. 7D).

Dotted fluorescent units of sympathetic nerve fibers
can be observed on coronary section of LF in area II
(Fig. 5B), which went through elastic fibers. And elastic fibers
on LF can be observed by HE staining.

A B

DC

Fig. 6 (A) Area I of the LF spinal cannal was stained with HE, and the arterioles traveled along the elastic fibers and distributed on the lateral and

spinal canal surface of FL (HE×400); (B) Sympathetic nerve fibers with aggregation of vessels (arteriole) were observed in sequential SPG stained

sections in the same way as in Fig. 6A (SPG × 400); (C) Area II of the FL, different amounts of veins without arteriole structure went perpendicularly

to the ligament fibers (HE×400); (D) Sympathetic nerve fibers with aggregation of vessels (venule) were observed in sequential SPG stained sections

in the same way as in Fig. 6C (SPG × 400).
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A B

DC

E F

Fig. 7 (A) Fig. 8. Comparative statistics of the expression of sympathetic nerve fluorescence in the LF area I and II, more and denser sympathetic

nerve fibers were distributed in area I compared to area II. Fluorescent expression of linear (α) and wavy (β) sympathetic nerve fibers distributed along

the venules of the FL (SPG × 400). It can be seen that the two types of nerve fibers have different width; (B) Fluorescent expression of wavy (β)
sympathetic nerve fibers distributed along elastic fiber bundles of the FL (SPG × 400); (C) Fluorescent expression of linear (α) and wavy (β)
sympathetic nerve fibers distributed along the venules of the FL that were near the spinal canal surface (SPG × 400); (D) Cluster and linear

sympathetic nerve fibers (strong fluorescence) with some wary sympathetic nerve fibers through the LF nerves were observed in the section of LF

(SPG × 400); (E) The fluorescent expression of cadaver specimens is less than that of biopsy specimens, but sympathetic nerve fibers can still be

observed around the microarteries in the LF (SPG × 400); (F) The linear (α) and wavy (β) sympathetic nerve fibers were observed in the cadaver

specimens, and their measurement widths were also different.(SPG × 400).
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Analysis on Positive Fluorescence Rate of Sections at
Different Directions in Human Cervical Ligamentum
Flavum (LF)
Because the fluorescence interference of ligament fibers is
stronger in the sagittal position, they are not included in the
statistics, and the statistics of the positive rate of fluorescence
expression on different sections of the two groups are shown
in the table (Table 1).

In the biopsy specimen group (experimental group),
170 slices were cut out at the coronal position, and 133 were
positive for fluorescent expression, with a positive rate of
78.24%; 195 slices were cut at the axial position, 141 were
positive for fluorescent expression, and positive for fluores-
cent expression. The rate was 72.31%. There was no statisti-
cally significant difference in the positive rate of fluorescence
expression observed at different positions in the experimen-
tal group (χ2 = 1.705, P > 0.05).

In the cadaver specimen group (control group),
229 slices were cut out in the coronal position, and 128 were
positively expressed in fluorescence (Fig 7E,F), the positive
rate of fluorescence expression was 55.9%; 210 slices were
cut out in the axial position, 108 were positively expressed
in fluorescence, and the fluorescence expression was posi-
tive, The rate was 51.43%. There was no statistically signifi-
cant difference in the positive rate of fluorescence

expression observed in different positions of the control
group (χ2 = 0.879, P > 0.05).

There were 365 effective slices in the experimental
group, with 274 positive fluorescent expressions, and the
positive rate of fluorescence expression was 75.07%. In the
control group, there were 439 effective slices, with 236 posi-
tive fluorescent expressions, and the positive rate of fluores-
cence expression was 53.76%. There was a statistical
difference between the two groups (χ2 = 39.018, P < 0.05).
The positive rate of fluorescent expression in the experimen-
tal group was 21.31% higher than that in the control group.

TABLE 1 Chi-square test on sections grouped by the direction of sections

N

Biopsy specimens

P-value x2 N

Cadaveric specimens

P-value x2Positive+ Negative- Positive+ Negative-

Coronal 170 133(78.24) 37 (21.76) 0.192 1.705 229 128(55.90) 101(44.10) 0.348 0.879
*Sagittal 232 52 (22.41) 180(77.59) 160 34 (21.25) 126(78.75)
Axis 195 141(72.31) 54 (27.69) 210 108(51.43) 102(48.57)

*Comparisons between each group, P > 0.05.; Note: Since background fluorescent of LF fiber at sagittal section was too strong to influence the observation and
statistics, the obtained data were not used for statistics for the bigger error.

TABLE 2 Positive and negative sections of the biopsy specimens group and the cadaveric specimens group

N Postive+(%) negative- (%) P-value* x2

Biopsy specimens group 365 274 (75.07) 91 (24.93) 0.000 39.018
Cadaveric specimens group 439 236 (53.76) 203 (46.24)

*Comparisons between each group, P > 0.05.

TABLE 3 Measurement results of two kinds of nerve fibers

N Linearα (μm) Wavy β (μm) x P-value

Area I 20 0.81 ± 0.04 1.03 ± 0.09 0.92 0.28
Area II 0.73 ± 0.09 1.02 ± 0.07 0.87

Fig. 8 Comparative statistics of the expression of sympathetic nerve

flfluorescence in the LF area I and II, more and denser sympathetic

nerve fifibers were distributed in area I compared to area II.
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And the existence of nerve fibers was more likely to be
observed in biopsy specimens of the experimental group
than in cadaver specimens of the control group (Table 2).

Measurement and Analysis on Fluorescence Value in
Different Areas (Area I and II) of Human Cervical
Ligamentum Flavum (LF)
Twenty sections were randomly selected from a total of
261 sections with positive expression. Based on analysis on
fluorescence value of fluorescence units in area I and II of
the whole section and image analysis, it is found that the
median of area I fluorescence photometric value is 6845, the
median of area II fluorescence photometric value is 1994. In
turn, area I is 70.87% (4851/6845) higher than the median of
area II in fluorescent photometric value, and more and
denser sympathetic nerve fibers were distributed in area I
compared to area II (W = 210, P < 0.05). The difference was
statistically significant (Fig.8). Two different forms of nerve
fibers were measured, as shown in Table 3 and Fig. 7E,F.
This shows sparse SPG-stained fibers on coronary sections of
area I and II.

Measurement on Width Value of Fluorescence Units of
Two Types of Nerve Fibers
The observed sympathetic nerve fibers were measured for
their width and the results were concentrated between 0.5
and 1.0 um. All the nerve fibers were C type, similar to the
nerve fibers of PLL in morphological characteristics and clas-
sification13, but different in distribution. β type sympathetic
nerves were mainly distributed around the capillaries, and, at
the same time, α and β sympathetic nerve fibers intersected
through LF. Occasionally, α and β sympathetic nerve fibers
may be seen among LF in clusters.

Measurement of α and β nerve fiber width expressed
in groups area I and area II is expresesd in Table 3. This
shows that α nerve fiber widths were in the range from 0.64
to 0.85 um (x = 0.770, σ = 0.057). The β nerve fiber widths
were in the range from 0.94 to 1.12 μm (x = 1.025,
σ = 0.007). The value of nerve fiber width in area I is
0.920 ± 0.16 um; the value of nerve fiber width in area II is
0.875 ± 0.21 um. The differences between area I and area II
were not statistically significant (t = 1.078, P > 0.05). The dif-
ferences between the α and β nerve fibers were statistically

significant (t = 6.326, P < 0.05) as β nerve fibers are 25.24%
(0.26/1.03) thicker than α fibers on average.

1H NMR Measurement of Metabolites of Nerve Fibers in
Ligamentum Flavum (LF)
The obtained 1HNMR spectra from two different locations
of the LF (spinal canal/back) can be used to obtain metabo-
lites (Fig. 4A,B). The LF back integral value of each metabo-
lite is as follows: Cho 8.15 ± 0.64, Cr 8.09 ± 0.58, GABA
0.67 ± 0.09, PG 63.16 ± 1.13, Lac 12.29 ± 0.39. The LF spinal
canal integral value of each metabolite is as follows: Cho
9.42 ± 0.43, Cr 9.82 ± 0.51, GABA 1.29 ± 0.12, PG
107.12,±1.02，Lac 9.52 ± 0.25. Analysis shows that the inte-
grals and ratios of the neurofibrillary transmitter structure
PG/Cho (t = 8.721, P < 0.05), GABA (t = 16.01，P < 0.05)
increase in the spinal canal of the LF, the difference was sta-
tistically significant, 1.47 and 1.93 times of LF back. The
changes of neurotransmitter metabolites Lac/Cr (t = 4.213，
P < 0.05), Cho / Cr (t = 2.402，P < 0.05) reduction showed
a statistically significant difference, 0.64 and 0.95 times of LF
back (Table 4).

Cases of Vertebral Artery Dissection
Case 1, female, 32 years old, was admitted to the hospital
with “onset headache, dizziness and limb weakness for
3 days.” The patient experienced severe headache more than
10 min after a neck massage 3 days ago, without slurred
speech, limb weakness, and vertigo, accompanied by nausea,
vomiting, limb weakness, and frequent episodes of vertigo,
which can be relieved after about 30 minutes. Examination:
Muscle strength of limbs, grade 5, bilateral finger–nose test
and heel–knee–tibia test are stable, bilateral pathological
signs are negative, and meningeal irritation signs are nega-
tive; brain CT, MRI, MRA (Fig. 2A,B) have no abnormalities.
Digital subtraction angiography (DSA) is given in emergency
department examination (Fig. 2C,D). We considered the “V4
segment dissection of right vertebral artery.” 21 The patient
was given aspirin enteric-coated tablets, clopidogrel tablets
combined with anti-platelet aggregation, plus low-molecular-
weight heparin sodium anticoagulation therapy. Ten days
later, “sympathetic symptoms” were completely relieved and
the patient was discharged (Fig. 2E,F). The patient was
followed up every 2 months. A total of 12 follow-ups were

TABLE 4 Comparison of 1HNMR measured values of vertebral canal and dorsal tissues of LF

N Lac/Cr PG/Cho Cho/Cr GABA*

LF back 15 1.52 ± 0.46 7.75 ± 1.24 1.01 ± 0.07 0.67 ± 0.09
LF spinal canal 0.97 ± 0.21 11.38 ± 1.03 0.96 ± 0.04 1.29 ± 0.12
t value 4.213 8.721 2.402 16.01
P value 0.000 0.000 0.023 0.000

* The content of GABA in peripheral nerves is very low, and the content of ingredients is more sensitive to NMR testing. The monomer content (non-comparative
value) can be used as a reference. LF, ligamentum flavum.
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carried out within 2 years. The above symptoms occur did
not occur after this time.

Case 2, female, 39 years old, “dizzy 4 h” admission, the
patient experienced dizziness after neck massage 4 h before
admission, accompanied by nausea, vomiting, rapid heart-
beat, no limb convulsions and unconsciousness. The attack
lasted 3 min, after it could be completely relieved. The above
symptoms happened frequently, and the patient then came
to the emergency department. There is no abnormality in
brain CT and MR (Fig. 3A,B). Examination: heart rate
112 beats/min, lack of consciousness, bilateral pupils and
other isosceles, reaction to light exists. The muscle strength
and muscle tone of the extremities were normal, and the
bilateral Babinski sign was positive. The emergency DSA
examination considered the “V3 segment dissection of the
right vertebral artery” (Fig. 3C,D). Aspirin was given as well
as antiplatelet aggregation and low molecular weight heparin
sodium anticoagulant therapy. The “sympathetic symptom”
was relieved within 8 days of discharge (Fig. 3E,F) and was
followed up for 2 years. A total of 12 follow-up visits were
performed in February. The above symptoms did not recur.

Complications
“Sympathetic symptoms” is a systemic syndrome composed
of dizziness, headache, rapid heartbeat, palpitation, chest
tightness, increased blood pressure, sweating, sleep dysfunc-
tion, and other symptoms. Among the cervical spine-related

diseases, “vertigo” is more common. The characteristics of
the seizures are: the duration of the seizure is short, the time
of the seizure is indefinite, the seizure is frequent, and the
digestive system is involved. The two rare cases are mainly
“vertebral artery dissection,” which is easy to diagnose with
the “vertebral-basal artery circulation.” “Dysfunction” is con-
fused and the difference is the frequency of “sympathetic
symptoms” and the prognosis of treatment. Most of the
“sympathetic symptoms” after “anticoagulation and anti-
platelet” treatment can be effectively relieved, and emergency
vascular intervention therapy can also be used. Most of the
prognoses are good and stable.

Discussion

Determine the Distribution of Sympathetic Nerve Fibers
in the Ligamentum Flavum (LF)
Anatomically, LF is considered to be divided into two parts:
intervertebral space and joint capsule. It connects to the joint
capsule of the facet joint with extreme fiber at lateral side22.
Intervertebral elastic fibers are arranged in a rectangular
shape from top to bottom, while there is a lack of elastic
fibers in the joint capsule. There are venulae in each segment
of medial LF close to the midline, which lead to a commu-
nion of epidural veins and vertebral vein23,24.

Through 3D section, SPG staining, and HE staining on
human cervical LF, this experiment found distribution of

A B

Fig. 9 (A) Schematic diagram of microvascular distribution in LF (along the ligament elastic fibers); (B) Schematic diagram of microvascular

distribution in LF (vertical distribution of elastic fibers across ligaments).
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vascular structure in LF. Structure similar to arteriole goes
along elastic fibers of LF of area I near joint capsule, while
scattered vessels without arterial wall go among ligament
elastic fibers of area I and II. This conforms to the character-
istics of anatomical description.

Through analysis on positive fluorescence rate of sec-
tions at different directions in the experimental group and
the control group (χ2 = 39.018, P < 0.05), sympathetic nerve
fibers are distributed in LF.

Distribution Characteristics of Sympathetic Nerve in
Ligamentum Flavum (LF)
Sympathetic nerve fibers are mainly C type peripheral sym-
pathetic nerve fibers, which are generally divided into linear
type (α) (x = 0.770, σ = 0.057) and wavy type (β) (x = 1.025,
σ = 0.007). In coronary sections, more dotted fluorescent
units can be observed and there are also linear fluorescent
units; while in axial sections, sympathetic nerve fibers with
the same direction as ligament fibers are visible. Nerve fibers
are basically in the same morphology on different sections,
as well as on biopsy specimens (χ2 = 1.705, P > 0.05) and
cadaver specimens (χ2 = 0.879, P > 0.05), with homogeneous
distribution characteristics.

The distribution density of nerve fibers is decreased from
the lateral side (area I) to the medial side (area II) (W = 210,
P < 0.05). These nerve fibers are mainly distributed in area I
near articular capsule and among elastic fibers of ligament in
area I and II. The nerve fibers tend to be distributed along the
direction of blood vessels (Fig. 5A,B, 6D, and 7A). βfibers are
mainly distributed in the peripheral vascular structures, which
is similar to the observation on the distribution of sympathetic
nerve fibers by Daerr et al.16, that is, the α fibers are scattered
among elastic fibers, which can go vertically or horizontally
with LF. It is also similar to vascular structures (Figs 5A,B, 6B,
and 7A,E). Among ligament elastic fibers, it can be seen some-
times that two kinds of cluster nerve fibers pierce out (Fig. 7D).
All these show the close relationship between sympathetic nerve
fibers of LF and adjacent structures.

NMR 1H Spectrum Metabolite Distribution Significance
Further 1HNMR analysis of the spinal canal and back of the
LF confirmed the presence of sympathetic nerves on the LF.
Lac/Cr (t = 4.213, P < 0.05) and Cho/Cr (t = 2.402, P < 0.05)
both increased on the LF back, representing the distribution
of vascular-dependent sympathetic nerve fibers25. Both
PG/Cho (t = 8.721, P < 0.05) and GABA (t = 16.01,
P < 0.05) are considered and show that the content of poly-
saccharide in the lamina of LF is lower than that in the back;
that is, the elastic fibers are cross-linked and loose and easy
to cross the blood vessels, while the sympathetic nerves are
densely distributed on the LF spinal canal, and their metabo-
lites are active26. This information is helpful to indirectly
understand the characteristics of sympathetic nerve distribu-
tion in LF.

Connections among Ligamentum Flavum (LF),
Microvessels, and Sympathetic Nerves
Since LF is a kind of elastic protein connective tissue,
changes in movement mean that the relation between elastic
fibers also changes correspondingly: thinner at anteflexion
and thicker at posterior extension17,27. LF consists of elastic
fibers, and this experiment shows that the cervical LF suffers
the minimum stress and has the maximum strain value28.
Vessels among the LF elastic fibers were mainly divided into
the vessels parallel to LF fibers (Fig. 9A) and those that cross
or are perpendicular to the fibers (Fig. 9B). Studies have con-
firmed that a small force, such as spinal flexion and rotation,
or certain coordinated movement, may lead to the rupture of
tiny and thin-walled capillaries regularly distributed in
degenerated LF29–32. It is also reported that stress, conducted
by epidural venous plexus and ventral LF, may also cause
deformation and even rupture of capillaries in LF33.

All these findings suggest the mechanical relationship
between the movement of LF and the blood vessels inside.
Thus, we deduce that regardless of what deformation of LF
is, vessel wall through or along the ligament all suffer an axis
shear force caused by the relative movement of LF. And
these shear forces also act on the vessel wall or sympathetic
nerve fibers distributed among elastic fibers of ligaments,
thus forming a certain tension and resulting in extension
stimulation on sympathetic nerves. In addition, β type fibers
in blood vessel wall can also receive this kind of stimulation,
which may be linked to vascular structure. However, there
still lacks direct measurement evidence for the existence of
this force.

The Relationship Between Vertebral Artery
Dissection and Sympathetic Symptoms
The rare case of vertebral artery dissection (Figs 2 and 3) we
have observed in clinic seems to explain the relationship
between blood vessel and nerve at the clinical level. This
young patient had no symptoms of vertigo and sympathetic
neurosis before onset. After neck massage, he suddenly
twisted his neck and developed vascular disease. Angiopathy
was detected by emergency DSA examination. The main
clinical manifestations of vascular lesions found by emer-
gency admission and DSA examination were paroxysmal
vertigo. The time of attack was significantly correlated with
neck activity. The vertigo disappeared after anticoagulation
treatment. The outpatient follow-up was 2 years and the dis-
ease was evaluated to be cured. This can prove that there is a
certain connection between blood vessels and nerves and the
influence of mechanical action on them cannot be ignored.

The Theory of “Cervical Instability-Sympathetic Nerve-
Vertebral Basilar Artery Stimulation”
Some scholars believe that sympathetic nerve excitability is
increased in their study on cervical instability6. One study also
put forward that dizziness caused by injury of proprioceptor
in cervical facet joint and deep muscles due to cervical
lesions34 can anatomically remark cervical instability induced
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by various soft tissue lesions around cervical vertebrae. Irri-
tated by cervical mechanical instability, sympathetic nerve
fibers of these tissues generate an abnormal excitement, which
directly acts on capillaries or is received by cervical ganglia
and then increases the excitability of sympathetic nerve fibers
in vertebral artery. This kind of continuous stimulation causes
vertebral artery contracture that affects blood supply and
results in cervical vertigo or other kinds of sympathetic nerve
symptoms, namely sympathetic nervous cervical spondylosis.
This information forms the current “sympathetic nerve the-
ory” and “vascular compression stimulation theory”35, but
these do not integrate various factors to systematically under-
stand the complex causes of “cervical vertigo.”

Actually, during human cervical activities, cervical inter-
vertebral disc, zygapophyseal joint, ligaments around vertebral
canals, peripheral ligaments, and muscle system all play an
important role in assisting dynamic changes. Ligaments
around vertebral canals in particular are the key connective
tissue structure that maintains the stability of the vertebral
body system. All these tissues are confirmed by the existence
of the sympathetic nerve fibers, with their own morphological
and distribution features. Cervical instability is characterized
by “broken”cervical physiology curve on flexion–extension
radiographs in clinical. This reflects that the activities of inter-
vertebral joint including flexion and extension are beyond the
natural range, which is the manifestation of the cervical
degenerative36. This is direct evidence put forward by the the-
ory of “cervical instability-sympathetic nerve-vertebral basilar
artery stimulation,” which can be used to further explore the

potential links between cervical biomechanics, anatomy, and
pathophysiology.

Limitations
This experiment still has some deficiencies in terms of the
accuracy of quantitative analysis. Also, there are a lack of
studies on specimens with totally normal anatomic structure
under physiological state. Clinically, corresponding sympa-
thetic symptoms not all appear under cervical instability.
Therefore, the related research system of cervical spine insta-
bility and sympathetic irritability still needs to be established
to perfect the theory.

Conclusion
There are sympathetic nerve fibers in human cervical
LF. These nerve fibers may be the pathophysiological basis of
sympathetic nervous cervical spondylosis.

Supporting Information
Additional Supporting Information may be found in
the online version of this article on the publisher’s web-site:

Appendix S1. The effect of sympathetic factor on the blood
flow of vertebral-basal artery.
Appendix S2. Distribution of sympathetic nerve on the wall
of vertebral artery and its correspondence to cervical sympa-
thetic ganglia.
Appendix S3. The abnormality of cervical physiological cur-
vature and pathogenesis cervical spondylotic myelopathy.
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