Clinical Neurophysiology 130 (2019) 550-551

Contents lists available at ScienceDirect

Clinical Neurophysiology

journal homepage: www.elsevier.com/locate/clinph

Editorial

Nerve ultrasound in dorsal root ganglion disorders: Smaller nerves lead

to bigger insights

Gee Article, pages 568—572>

Check for
updates

After decades of having to make do with electric stimulation
and recording (i.e. nerve conduction studies, electromyography
and evoked potentials), nerve ultrasound now provides the oppor-
tunity to improve neurodiagnostic patient care by deploying a
powerful tool to detect neuromuscular pathology in an accurate
and patient-friendly way (Mah et al., 2018; Walker et al., 2018).
Nerve ultrasound is also increasingly providing neurologists and
clinical neurophysiologists with the opportunity to increase their
insight in the pathophysiology of peripheral nervous system
(PNS) pathology. In this issue of Clinical Neurophysiology, Leadbet-
ter and coworkers (Leadbetter et al., 2019) describe the results of
their study on nerve ultrasound for diagnosing sensory neuronopa-
thy in spinocerebellar ataxia type 2 and CANVAS syndrome. Their
main finding, which may come as a surprise, is that the peripheral
nerves in these dorsal root ganglion (DRG) disorders become visi-
bly smaller in size. This is a novel finding in nerve ultrasound, as
up till now virtually any nerve pathology, such as entrapment,
trauma or inflammation, has been found to lead to (multi-)focal
or generalized size increases in fascicles and whole nerves
(Telleman et al., 2018). The study by Leadbetter et al. is important,
as the finding that this specific group of DRG disorders, that is,
peripheral sensory neuron disorders, behaves completely different,
helps us understand better what to expect of morphological nerve
changes in different PNS disorders.

To understand why nerve size changes in PNS disorders, we first
need to look at the morphological characteristics of peripheral
nerves. The general building plan of a nerve will probably be quite
familiar, with the bundling of myelinated and unmyelinated axons,
Schwann cells and endoneurial matrix material in nerve fascicles,
that are ensheathed by the connective tissue layer of the per-
ineurium that contains the blood-nerve barrier and vasa and nervi
nervorum. These fascicles then bundle together as a nerve root,
plexus element or peripheral nerve bundle proper, surrounded by
another connective tissue layer, the epineurium, that transits into
the surrounding connective tissue layers of muscle fascia or sub-
cutis (Sunderland et al., 1970). Ultrasonographically, this gives
the characteristic transverse nerve appearance of a cut high-volt-
age cable, with small black dots surrounded by thin white layers
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representing the fascicles, bundled together in a large outer cable
sheath (van Alfen et al., 2018).

Next, it is important to realize what the ratio between axon/
myelin and connective tissue in a given nerve segment is, and
how that ratio changes from the proximal root to the distal end
branches (Schraut et al., 2016). Connective tissue elements of the
perineurium and epineurium are relatively sparse at the very prox-
imal root and plexus levels, with an average connective tissue con-
tent of around 25-30%. Ultrasonographically, this means that roots
will always look rather black in appearance without much dis-
cernible fascicular architecture, as the sparseness of connective tis-
sue elements provides relatively few reflectors to create an image
on screen. Going more distally, the amount of connective tissue
increases, and is estimated to be around 40-50% for the median
or ulnar nerve at the level of the wrist, and even higher up to
60-70% for the peroneal and tibial nerves in the lower leg. Ultra-
sonographically, this translates into the typical honeycomb
appearance of the distal limb nerves. Another important feature
of peripheral nerves, also mentioned in the current paper, is the
ratio between sensory axons versus motor axons in a given nerve
bundle. In a landmark histological study by Gesslbauer et al. it
was shown that sensory axons, that innervate both skin receptors
and muscle spindles, represent more than 90% of the total axon
number in any mixed upper limb nerve (Gesslbauer et al., 2017).

The nerve size increase that accompanies entrapment neu-
ropathies, inflammatory neuropathies (both demyelinating and
axonal) and nerve trauma, is generally assumed to result from a
combination of nerve edema, connective tissue proliferation (i.e.
scarring) following local injury, and in the case of traumatic neuro-
mas proliferating axon bundles forming the growth cone. As a large
proportion of the distal limb nerves is formed by connective tissue
elements, perineurial and epineurial proliferation in response to
injury or mechanical friction is a very understandable mechanism,
by which overall nerve size will increase in case of pathology, and
the presence of edema or axon outgrowth will only increase it fur-
ther. Indeed, until the publication of the work of Leadbetter’s group
in sensory neuron pathologies, the only condition in which nerve
size has been found to decrease slightly at the group level was in
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patients with motor neuron disease, i.e. amyotrophic lateral sclero-
sis (Schreiber et al., 2016). That the nerve size decline was very
small (on average 0.04 mm? per month) and could only be mea-
sured at the group level is not too surprising, given the relatively
small fraction of motor axons of around 10% in mixed nerves. But
it is with the current additional data from Leadbetter’s group that
we can now complete the picture, as their finding of about a 50%
decrease in overall nerve size, confirms that sensory neuron loss
will lead to a decrease of up to 90% of the nerves’ axonal content
that originally made up 50-60% of the whole tissue content of that
limb nerve.

In other words, the results of this study underpin that nerve size
changes that can be detected with ultrasound are to a certain
extent predictable. PNS disorders that will affect both axon content
as well as connective tissue elements of nerve will most likely lead
to an overall increase in size. The more pathophysiological pro-
cesses occur simultaneously (e.g. inflammation with edema, scar-
ring and axonal regrowth combined), the larger the nerve size
will most likely be, while for example progressing to end-stage
denervation with scarring but without edema or a growth cone
at a particular nerve site might again cause a relative decline in
cross sectional area; something that has been found in end-stage
carpal tunnel syndrome (Moghtaderi et al., 2012). Disorders that
affect motor or sensory neurons without causing connective tissue
changes by mechanical or inflammatory mechanisms will lead to a
decrease in nerve size, which will be most likely be small for any
motor neuron disorder (10% of 50% = 5% of the whole distal limb
nerve size maximally) and only detectable at group level, but will
be large and detectable at the individual level in sensory neu-
ronopathies. The next step will be to further validate, and maybe
refine, these predictions based on ultrasound studies in all differ-
ent types of neuropathies. With further improvements in ultra-
sound equipment, nerve ultrasound will increasingly come to be
an in-vivo replacement for simple histology at the light microscope
level.
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