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Abstract

AIM: To assess the presence of nerves in ventral facet
joint capsules as facet capsules are generally impli-
cated in neck pain.

METHODS: Twenty-four ventral cervical facet joint
capsules were harvested from 3 unembalmed cadavers.
Paraffin sections from these capsules were processed
to identify neurofilament and substance P immunoreac-
tive fibers. Nerve fiber presence was also verified by a
silver impregnation method.

RESULTS: Neurofilament reactive fibers were ob-
served in sections from 9 capsules. They were ob-
served in areas with collagen fibers and areas with
irregular connective tissue. Substance P reactive nerve
fibers were found in sections from 7 capsules in similar
areas. Silver impregnation also revealed the presence
of nerve fibers. The nerve fibers were also found as
bundles in the lateral margins of the capsule. A Pacin-
ian corpuscle-like ending was also observed in one
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specimen.

CONCLUSION: Nerve fibers revealed by neurofilament
immunoreactivity and silver staining support innerva-
tion of the ventral aspect of the facet joint capsule. The
presence of substance P reactive fibers supports the
potential role of these elements in mediating pain. The
presence of a Pacinian-like ending implicates a potential
role in joint movement.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

According to a United Nations Transport division re-
port, the total annual cost of rear impact whiplash inju-
ries has been estimated to be approximately $ 2.7 billion
in the United States, with an estimated 272 464 annual
injuries. Whiplash associated disorders (WAD) to the
neck are common and can occur during frontal, side and

rear-end impacts, but most complaints occur after a reat-
end collision by another vehicle. Studies by Aprill and
Bogdukm, Barnsley ez al” and Lotd et al” provide clinical
evidence for the role of cervical facet joints in the etiol-
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ogy of neck pain with several other studies providing
biomechanical evidence”. Tt has been hypothesized that
in a rear impact, the facet joints slide with the posterior-
most regions of the joints undergoing compression
more than the anterior-most regions, resulting in a
pinching or capsular stretch mechanism that may be re-
lated to neck painﬁ’(ﬂ.

Additionally, the role of cervical osteoarthritis as a
contributing factor to neck pain and other upper ex-
tremity painful conditions related to arms and shoulders
can not be ignored. An analysis on the progression rates
of cervical osteoarthritis from a cohort of 707 subjects
showed that women were more likely to experience
worsening of their disease compared to men!”, while a
recent anatomical and epidemiological study of cadav-
eric spines revealed concurrent lumbar and cervical ar-
throsis as a common condition, suggesting an underlying
systemic component for spinal osteoarthritis™.

The cervical facet joint capsules (FJCs) are inner-
vated by medial branches of the dorsal ramus”. Igarashi
et al"” suggested that inflammatory cytokines produced
in degenerated facet joints may leak into the intra-spinal
space through the most lateral part of the ventral FJC.
Evidence for the presence of inflammatory cytokines
was demonstrated in homogenates of degenerated lum-
bar facet joint cartilage and synovial tissues harvested
from patients undergoing posterior lumbar surgery,
while evidence for leakage was shown by stained ventral
facet joint capsule and lateral ligamentum flavum follow-
ing methylene blue injection into the degenerated dorsal
facet joint. Therefore degenerative changes in the ventral
cervical facet joints capsule may lead to a painful sensa-
tion in the neck and surrounding areas.

Thus, previous research indicates that the ventral
aspect of the cervical FJC can undergo degenerative and
inflammatory changes which can lead to a sensation of
pain in the neck. However, studies focused on the inner-
vation of ventral areas of FJC have not been published
and the available studies are limited to innervation of
the dorsal aspect of the cervical FJC!""! or the synovial
fold"”. Hence, the purpose of this study was to charac-
terize the presence of nerve fibers in the ventral cervical
FJCs by immunocytochemical and silver impregnation
methods.

MATERIALS AND METHODS

A total of 24 ventral facet joint capsules from C1/
C2-C6/C7 were harvested from the cervical spines of 3
unembalmed cadavers. One (female; 73 years) was do-
nated as part of the Willed Body Program to the institu-
tion for other biomechanical studies and the other two (56
year old female and 44 old male) wete procured from the
National Disease Research Interchange (NDRI, Philadel-
phia, PA). All procedures were approved by the institu-
tional Human and Animal Investigation Committee. The
harvested capsules were fixed (4% paraformaldehyde)
and processed for paraffin infiltration and sectioning
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(10-15 um; Reichert Yung, Leica Microsystems Nussloch
GmbH, Nussloch). These sections were deparaffinized
and cleared in xylene and graded alcohol and washed
thoroughly in distilled water and processed for a silver
impregnation technique and avidin biotin peroxidase im-
munocytochemistry.

Silver impregnation technique

A Palmgren silver impregnation technique was used to
visualize nerve fibers in the ventral FJC sections. The sec-
tions were incubated in a solution of 10% silver nitrate for
30 min at 37 C and then were transferred to 2% sodium
borate and then thoroughly washed. This was followed by
developing for 10 min in 0.05 g hydroquinone and 5.0 g
sodium sulphite dissolved in 100 mL of freshly prepared
solution of 2% sodium borate. The sections were then
rinsed in 50% alcohol, treated for 60 s to 70 s in 0.5% ox-
alic acid in 50% alcohol, rinsed in distilled water and then
fixed for 10 s in 5% sodium thiosulphate. Finally, the sec-
tions were rinsed in distilled water, dehydrated in graded
alcohol, xylene and cover-slipped.

Immunocytochemistry
The sections were incubated in 4% hydrogen perox-
ide to block endogenous peroxide activity, followed by
blocking in 2% normal goat serum (Vector Laboratories,
Burlingame, CA). The sections were then incubated
overnight in 1:500 diluted antisera to neurofilament
light chain (NF; AB9568, Millipore, CA), 1:200 diluted
antisera to substance P (SP, Millipore, CA) at 4 ‘C. This
was followed by incubation in biotinylated secondary
antibodies before being exposed to Vectastain Elite ABC
reagent (Vector Laboratories). After each step, the sec-
tions were rinsed three times in phosphate buffered sa-
line (PBS). The reaction product was then developed by
brief incubation in 3, 3’-diaminobenzidine and hydrogen
peroxide. The sections were then washed, counterstained
with hematoxylin and dehydrated through graded alco-
hol, cleared in xylene, and cover-slipped with permount.
A total of 90 slides were stained for immunocyto-
chemistry and 60 for silver staining, respectively. The sec-
tions were analyzed to determine the presence or absence
of nerve fibers but not for quantitative comparisons. All
the stained sections were observed under a light micro-
scope (Leica DMLB, Leica Microsystems Ltd., Heerburg,
Switzerland) attached to a digital camera system (Diag-
nostic Instruments Inc., Sterling Heights, MI).

RESULTS

Sections of the ventral facet joint capsule have parallel
bundles of collagen fibers and areas of irregular con-
nective tissue. Also found were areas with adipose-like
connective tissue. Neurofilament (NF) reactive fibers
were observed in sections from 9 capsules at levels
C2/C3-C5/C6. They were obsetrved as single fibers and
in groups of 2 or 3 fibers (Figure 1). The NF-reactive

fibers were observed to be in areas of joint capsule with
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Figure 1 A bundle of neurofilament reactive nerve fibers in a C3-C4 ven-
tral facet joint capsular tissue (scale bar = 50 ym).

Figure 3 A nerve fiber revealed by a silver impregnation technique in the
collagen fibers of a C4-C5 facet joint capsule (scale bar = 50 ym).

Figure 2 A series of substance P reactive fibers in a C2-C3 ventral facet
joint capsular tissue (scale bar = 50 ym).

collagen fibers as well as in areas with irregular connec-
tive tissue. Some of the NF reactive regions appeared as
a chain of beads with intermittent staining;

Substance P (SP) reactive nerve fibers were found in
areas with parallel bundles of collagen fibers as well as in
areas with irregular connective tissue from 7 capsules at
levels C2/3-C5/6. Additionally, SP reactive fibers were
observed to be both as single fibers (Figure 2) and in
bundles, similar to those found with NF reactivity.

Silver impregnation results

Silver impregnation also revealed the presence of short
and long nerve fibers in capsule sections with parallel
bundles of collagen fibers, as well as in areas with dense
irregular connective tissue (Figure 3). The nerve fibers
appeared to be running parallel to the collagen fibers
and occasionally showed profiles of dotted staining. The
nerve fibers were also found as bundles in the lateral
margins of the capsule. There also appeared to be a
nerve profile that resembled an encapsulated nerve end-
ing composed of groups of fibers surrounded by a ring-
like Pacinian-type end organ (Figure 4).

DISCUSSION

There is ample clinic

2,3,13,14] . . 1[1516 .
alt ! and biomechanical”™'? evi-
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Figure 4 A Pacinian-like end organ in the ventral facet joint capsular tis-
sue (scale bar = 50 ym).

dence of the role of cervical FJC in the etiology of neck
pain. Neurophysiological studies in goat cervical spine
showed activation of low threshold mechanoreceptors
at low strains and high threshold mechanoreceptors at
high strains'” on the dorsal aspect of the capsule. While
several studies showed innervation of the dorsal aspect
of cervical F]C[“’lz’ls’w] or to the synovial fold">""*", the
results of the current study provide histological evidence
to the presence of neural elements on the ventral aspect
of cervical FJC.

In the current study, no systematic effort was made
to study the morphology of cervical FJC. Although the
samples were harvested from only 3 cadavers, nerve
fibers were identified in the ventral aspect of sections
from all three cadavers in a total of 10 facet joints. In the
present study, sections of the ventral aspect of the cervi-
cal facet joint capsule showed areas of parallel bundles
of collagen fibers and areas with irregular connective tis-
sue. This may be similar to the findings of Yamashita ef
al” who described an outer layer of densely packed par-
allel bundles of collagen fibers and inner layer with loose
connective tissue with irregularly oriented fibers”'. This
study also showed areas in some sections where collagen
fibers were associated with adipose-like tissue that may
be similar to fat filled intra-capsular folds present in the
lumbar facet joint capsulesm] or adipose plical tissue.

February 18, 2012 | Volume 3 | Issue 2 |



Bogduk ¢z a/” provided some of the most detailed
descriptions of the anatomy of the dorsal rami and their
supply of nerve fibers to the cervical FJC through the
medial branch and reports the space ventral to the joint
as being free of articular nerves in the cervical region.
Bogduk™ did not report any specific articular branches
to the ventral aspect of the lumbar zygapophyseal joint
but eludes to the findings of others. Whether these
findings from the lumbar region can be extended to the
cervical region remains to be investigated. However, our
present study provides strong evidence for the presence
of nerve fibers in the ventral FJC by the presence of NF
immunoreactive nerve fibers and bundles in various lay-
ers of the capsule. This was further supported by the sil-
ver stained nerve fibers. However, a clear neuroanatomi-
cal description on the origin of ventral articular fibers
still remains elusive.

Despite these limitations, innervation of the ventral
aspect of the capsule has clinical implications. If these
nerve fibers do not originate from the dorsal ramus,
dorsal ramus rhizotomy would be ineffective in the treat-
ment of pain from this area. In addition, facet injections
may not provide anesthesia to the ventral capsule. Fi-
nally, effectiveness of epidural steroids may be partially
related to its effects on the ventral capsule.

This study also shows SP reactive fibers in the ventral
cervical FJC, lending credence to its putative role as a
source of pain-related sensation. This may be important
in the context of inflammatory pain originating from
cervical FJC. In a recent study, Igarashi ez al™ showed
higher visual analog and Roland-Mortis disability ques-
tionnaire scores in patients with lumbar spinal canal
stenosis that co-related with high levels of IL1B. They
concluded that inflammatory cytokines produced in
a degenerated facet joint may leak into the intraspinal
space through the lateral part of the ventral FJC, based
on leakage of dorsally injected methylene blue dye that
stained the joint cartilage, ventral capsule and other sur-
rounding structures in cadavers.

In a recent study, Ivancic®™ showed that exposing
FJC in cervical spine preparations to elongations at a
rate of 1 mm/s in increments of 0.5 mm can lead to
increased laxity and indicated that this increased laxity
may be one of the components perpetuating chronic
pain clinical instability in whiplash patients. Biomechani-
cal evidence on ventral capsular kinematics comes from
Stemper ¢f al"” who subjected intact head and neck com-
plexes to whiplash accelerations and analyzed shear and
distraction motions in ventral and dorsal joint regions
from C4-C7 levels. They showed lower cervical facet
joints undergoing dorsally directed shear motion with
distraction in the ventral and compression in the dorsal
regions of the joint. Facet joint shear and distraction mo-
tion increased with impact severity. They suggested that
the ventral region responded with greater magnitudes
of stretch. Moreover, high levels of capsule stretch may
also be related to altered axonal morphological changes
(axonal swellings) similar to those reported in cervical
dorsal facet joint capsule™. Axonal swellings and retrac-
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tion balls are characteristic of diffuse axonal injury seen
in patients of TBI. Finally, a Pacinian-like end organ in
some layers of the ventral FJC was also found, which
may be similar to the findings of McLain" who also
reported encapsulated and simple or free nerve endings
in the human cervical FJC subsynovial loose areolar and
dense connective tissue. Presence of Pacinian-like end
organs may indicate that ventral FJC may be involved in
responding to high velocity changes in joint position.

Key message

Prominent NF and SP reactive fibers in the ventral cervi-
cal FJC suggest a nociceptive function and a putative role
for ventral FJC in the etiology of neck pain following
whiplash injury, inflammatory conditions and spondylosis.

COMMENTS

Background

Whiplash associated disorders to the neck are common and can occur during
frontal, side and rear-end impacts, but most complaints occur after a rear-end
collision by another vehicle. The role of cervical facet joint capsules (FJC) in
whiplash has been widely implicated by both clinical and biomechanical studies.
Although the presence of nerve fibers on the dorsal capsule has been reported
in several studies, histological evidence revealing their presence on the ventral
aspect is lacking.

Research frontiers

There is extensive clinical and biomechanical evidence on the role of cervical
FJC in the etiology of neck pain. Neurophysiological studies in goat cervical
spine showed activation of low threshold mechanoreceptors at low strains
and high threshold mechanoreceptors at high strains on the dorsal aspect of
the capsule. While several studies showed innervation of the dorsal aspect of
cervical FJC or to the synovial fold, studies related to the presence of nerve
fibers on the ventral aspect are lacking. It is possible that the ventral aspect of
the cervical FJC can undergo degenerative and inflammatory changes which
can lead to a sensation of pain in the neck.

Innovations and breakthroughs

Previous studies have shown innervation of dorsal facet capsule. This is the
first histological study to document ventral capsule innervation. The presence
of nerve fibers is supported by neurofilament immunoreactive fibers as well as
those shown by silver staining.

Applications

This study offers support for the potential role for ventral facet joint capsules in
the etiology of neck pain following whiplash injury, inflammatory conditions and
spondylosis.

Terminology

Whiplash: Rapid flexion and extension of the neck during frontal and rear-end
impacts. Substance P: A neuropeptide involved in pain signaling.

Peer review

This is a very interesting topic that has been focused on. It is a very well written
manuscript with a good educational point of view and will be a good contribution
for publication in the journal.
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