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Abstract BACKGROUND CONTEXT: A functional association between cervix and vertigo has been ob-
served in patients with cervical vertigo, implicating correlation between cervical spinal and sympa-
thetic ganglia. However, it is unclear where there is an anatomic connection between those two groups
of ganglia.

PURPOSE: This study aimed to investigate the existence of the neural connections between cer-
vical spinal and sympathetic ganglia.

STUDY DESIGN/SETTING: FluoroGold staining patterns in cervical spinal and sympathetic
ganglia were evaluated using FluoroGold retrograde tracing in New Zealand rabbits.
METHODS: New Zealand rabbits were randomly divided into superior cervical spinal ganglion
injection groups, inferior cervical spinal ganglion injection groups, superior cervical sympathetic
ganglion injection group, and inferior cervical sympathetic ganglion injection group. Four percent
FluoroGold solution was injected into these ganglia. Distribution of FluoroGold in cervical spinal
and sympathetic ganglia was observed under a microscope.

RESULTS: When FluoroGold solution was injected into C2 and C3 superior cervical spinal gan-
glia or C5-C6 inferior cervical spinal ganglia, fluorescence was only observed in the ipsilateral
superior or inferior cervical sympathetic ganglia, respectively. When FluoroGold solution was in-
jected into superior or inferior cervical sympathetic ganglia, fluorescence was found mainly in the
ipsilateral C3—C4 superior or C5—C8 inferior spinal ganglia. No fluorescence was observed in con-
tralateral ganglia of experimental animals and all ganglia of matched control animals injected with
physiological saline.

CONCLUSIONS: Bidirectional nerve fiber connections between cervical spinal and sympathetic
ganglia were observed, and these connections are arranged in a segmental distribution. This obser-
vation may provide a possible neuroanatomic basis for the pathogenesis of cervical vertigo. © 2014
Elsevier Inc. All rights reserved.
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Introduction patients with neck disorders caused by whiplash injury
ranges from 25% to 50% [2]. The mechanism underlying

Dizziness and/or vertigo (collectively termed cervical this phenomenon is unknown. One potential mechanism

vertigo) can accompany a variety of neck disorders, includ-
ing whiplash [1]. The prevalence of cervical vertigo among
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is stenosis or spasm of the vertebrobasilar artery system
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[3]. The vertebral arteries are mainly innervated by nerve
fibers from the cervical sympathetic ganglia [4]. A neural
connection between cervical spinal and sympathetic gan-
glia would provide an anatomic substrate for cervical verti-
go with cervical lesion. The present retrograde tracing
study was conducted to clarify the inherent neural pathways
between cervical and sympathetic ganglia and their possi-
ble involvement in the development of cervical vertigo.

Materials and methods
Animals and experimental groups

One hundred five New Zealand rabbits (weight, 2.5-3.0
kg) were randomly divided into superior cervical spinal
ganglion injection groups (defined as C2 and C3, with 10
rabbits in each group), inferior cervical spinal ganglion in-
jection groups (defined as C4-C6, with 10 rabbits in each
group), superior cervical sympathetic ganglion injection
group (N=10), inferior cervical sympathetic ganglion in-
jection group (N=10), and corresponding control groups
(N=5 in each control group). The use of experimental ani-
mals was approved and supervised by the Institutional An-
imal Welfare and Research Committee.

Surgical technique

The rabbits were placed in the prone position on the lab-
oratory table, and anesthesia was induced by intravenously
administering chloral hydrate (60 mg/kg). Corresponding
cervical spinal and sympathetic ganglia were exposed under

sterile conditions. Four percent FluoroGold solution (Fluo-
rochrome LLC, Denver, CO, USA) was injected into the
proper ganglia at a dose of 2 pL per ganglion, and a physio-
logical saline solution was injected into the ganglia of the
control rabbits. The injection was performed slowly, and
the needle was retained in the spinal ganglia for 5 minutes
to avoid tracer overflowing from the injection site. The rab-
bits were then fed and allowed activity ad libitum for 14
days. Thirteen rabbits died intraoperatively or during the
2-week study period and were replaced with new animals
from the same source. All surgical steps were taken care-
fully to avoid animals’ suffering during the experiments.

Preparation of slides

Rabbits were anesthetized as described previously and
killed using perfusion with physiological saline. Rapid per-
fusion through the left ventricle with physiological saline
was followed by slow perfusion with 10% formalin at
37°C. The combined perfusion time was about 1 hour. Im-
mediately after perfusion, cervical spinal and sympathetic
ganglia were cut, postfixed in the formalin stationary liquid
for 6 hours, and placed in 10% sucrose until they were
completely submersed. Thirty-micrometer thick cryosec-
tions were cut, placed in 0.1% phosphate buffer (containing
5% sucrose), and immediately placed in distilled water to
prevent the fluorescent dye overflowing from the cells.

Observation of slides

Each section was directly observed under a fluorescence
microscope (OLYMPUS BXS5, Olympus Inc., Tokyo, Japan;

Fig. 1. No FluoroGold-labeled cells were observed in contralateral cervical sympathetic ganglia after the injection of FluoroGold into cervical spinal ganglia
(A, C); FluoroGold-labeled cells were observed in ipsilateral cervical sympathetic ganglia after the injection of FluoroGold into cervical spinal ganglia
(B, D). The squares in panels A and B indicate the areas for panels C and D separately. Scale bar: A, B: 100 um; C, D: 20 pm.
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