Epidermal Nerve Fiber
Density Testing:
An Overview
Here’s a technique for the evaluation of small fiber peripheral neuropathy.
By Bradley W. Bakotic, DPM, DO

tures that make this test unique,
and its potential uses in podiatric
medicine.

Introduction
Epidermal nerve fiber density
What are “Epidermal Nerve
(ENFD) testing is not a new techFibers”?
nique; however, it is new to the diPeripheral nerves may be classiagnostic armamentarium of many
fied according to their function,
in the podiatric community. This
their size, or their conduction velocanalysis is quickly becoming recogity. In most instances, nerve size is
nized as the gold standard among
directly related to conduction velocclinicians when assessing for the
ity. Nerves that
presence, and the
have been classidegree, of small
fied based on their
fiber peripheral
ENFD analysis
diameters and
neuropathy.
conduction velocThough podiatric
has been widely used
ities have been
clinicians have
by neurologists
given specific desonly recently disignations. The
covered this test,
in the United States
largest myelinated
it has been an imperipheral nerves
portant diagnosand in Europe, to
have been desigtic procedure for
qualify and quantify
nated as A-alpha
neurologists for
and A-beta nerves,
many years. In
small fiber peripheral
while mediumfact, ENFD analysized myelinated
sis has been wideneuropathy since
nerves are, by
ly used by neurolthe 1990’s.
convention, laogists in the Unitbeled A-gamma
ed States and in
nerves. The most
Europe, to qualify
terminal end branches of sensory
and quantify small fiber peripheral
nerves represent the smallest periphneuropathy since the 1990’s.
eral nerves. These nerves are exceedIn the following article we will
ingly small, being composed of only
discuss the meaning of “epidermal
a few axons bundled together. By
nerves” and small fiber peripheral
convention, these “small fibers”
neuropathy. We will further elabohave been designated “A-delta” and
rate upon the definition of ENFD
“C” fibers, and when they terminate
analysis, its evolution as a testing
in the epidermis, they are called epimodality, its advantages over
dermal nerves (Table 1).
other tests, and technical aspects
The majority of epidermal
regarding the technique itself. Emnerves are unmyelinated C-fibers.
phasis will be placed upon the feawww.podiatrym.com

There is a much smaller subset of
epidermal nerves, which possess a
myelin sheath. This minor population of epidermal nerves is referred
to as the “A-delta fibers”. As nerves
course more superficially from the
Continued on page 142

Figure 1: A photomicrograph of normal
skin, demonstrating its constituent layers. The reticular dermis has been
marked with the letters RD, the papillary dermis has been annotated with
PD, and the epidermis has been annotated with E. (50X)

Figure 2: A photomicrograph demonstrating a normal epidermal nerve fiber
density test. A-delta and C-fibers are
seen coursing from larger branches of
the papillary dermis, into the overlying
epidermis. (400X)
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tissue fragments measuring only
1mm in diameter and only a few
reticular dermis to the papillary
microns in thickness, this science is
dermis, and then on to the epiderof limited value when trying to calmis, they become progressively
culate an average density across a
smaller (Figure 1).
relatively large area of skin. The calThe C and A-delta fibers branch
culation of intra-epidermal nerve
off of small nerve fascicles that
fiber density over a large area becourse within the papillary dermis.
came possible 20 years later with
After emerging from larger branchthe emergence of immune-histoes within the papillary dermis,
chemistry. Investigators at Johns
these small nerve fibers run toward
Hopkins Medical Center performed
the skin surface, eventually entermuch of the research that led to
ing into the vithe perfection of
able epidermis
this technique.
(Figure 2). As
As alluded to
The number
aforementioned,
above, intra-epionce small fibers
dermal
nerve
of intra-epidermal
enter into the
fibers cannot be
surface epithelireadily visualized
nerves per a unit area
um, they are desin routine stained
of skin is termed the
ignated as “episections; rather,
dermal
nerve
due to their ex“epidermal nerve
fibers”, or more
tremely
small
density”.
appropriately,
size, they require
“intra-epidermal
special staining
nerve fibers.”
techniques. A sinPaul Langergle
epidermal
hans postulated the presence of
nerve fiber consists of a mere 1-3
intra-epidermal nerves a century
axons that are bound together with
ago; however, their presence could
scant myelin. They have been
not be substantiated until the adshown to play a role in nociception
vent of electron microscopy in the
(pain), temperature perception, and
early 1970’s. Though electron miautonomic regulation. As they
croscopy showed that intra-epidercourse through the epidermis,
mal nerves genuinely existed, beintra-epidermal fibers are thought
cause ultra-structural examination
to interact with poorly understood
is most effective when analyzing
intra-epidermal neuro-endocrine

TABLE 1

Figure 3: A photomicrograph demonstrating the course of an epidermal
nerve coursing between epidermal squamous cells. (1000X)

cells known as “Merkel cells”.
Roughly 90% of all intra-epidermal
nerve fibers are unmyelinated Cfibers, and the remaining 10% are
myelinated A-delta fibers.
In normal subjects, intra-epidermal nerves course between the
squamous epithelial cells of the epidermis toward the skin surface.
This intercellular path gives them a
less than linear appearance as they
pass superficially (Figure 3). The
number of intra-epidermal nerves
per a unit area of skin is termed the
“epidermal nerve density.” This
density is relatively constant
throughout life, and between genders; however, it varies widely depending on the anatomic site being
tested. In general, the skin’s average
fiber density decreases as one
moves further from the dorsal root
ganglia. In other words, the average
intra-epidermal nerve fiber
density is higher at the
trunk than it is at the thigh,
and the density in the skin
of the thigh will be higher
than in the skin of the distal
leg.
Because the normative
range of epidermal fiber
density varies depending on
FUNCTION
the anatomic location, to
accurately assess the meanProprioception,
ing of the epidermal nerve
vibratory sensation,
fiber density at any particumotor
lar site, there must be an esMotor
tablished/published normative value for that distinct
site. This is one reason that
Pain, temperature,
the distal leg (10cm proxiautonomics
mal to the lateral malleolus)
and proximal thigh (10cm
Pain, temperature,
distal to the greater
autonomics
trochanter of the femur) are
the most commonly sam-

Nerves Classified by
Size/Conduction Velocity
NERVE FIBERS

DESIGNATION

Large myelinated nerves

A-alpha
A-beta

Medium myelinated
nerves

A-gamma

Small Myelinated
fibers

A-delta

Small unmyelinated
fibers

C-fibers

Continued on page 143
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not initially exhibit an associated small fiber compled sites. There is a massive
ponent. It is the function
amount of data defining the norof large fibers, not small
mative ranges in these locations.
fibers, that is tested by
nerve conduction studies.
What Is Small Fiber
This explains why some
Peripheral Neuropathy?
patients with frank cliniThe term “peripheral neuropacal evidence of peripheral
thy” often has been long used as a
neuropathy may display
waste-basket diagnosis into which
normal conduction studall forms of symptomatic peripheral
ies. Such patients suffer
Diabetes Mellitus, Types I and II
neuropathy have been thrown. Pefrom pure small fiber peMetabolic syndrome
ripheral neuropathy is actually not
ripheral neuropathy.
Idiopathic/familial
a single condition, but rather, it is a
Small fiber peripheral
Alcohol abuse
descriptive term connoting any disneuropathy may be
Human Immunodeficiency virus
ease state, which at least in part.
caused by a wide array of
Amyloidosis
compromises the function of the
medical conditions or exPharmacologic toxins (metronidazole)
peripheral nervous system. Periphposures. It has been long
Solvent exposure
eral neuropathy may manifest in
known that the most
Chemotherapy-induced
various patterns, and may arise as
common causes are diaLeprosy
Vasculitis
the result of a wide spectrum of
betes mellitus (types I and
Autoimmune (various disorders)
predisposing conditions. Small fiber
II) and idiopathic; howevperipheral neuropathy represents a
er, the significance of
large and distinct subset of the
each has been somewhat
with HIV commonly develop small
cases of peripheral neuropathy. Pain flux in recent years. Investigators
fiber peripheral neuropathy, sometients with pure small fiber periphhave recently revealed that many
times quite early in the onset of AIDS
eral neuropathy exhibit demonstrapatients who were formerly
(Table 2).
ble pathology that is limited to the
thought to have idiopathic small
“small fibers” (A-delta and C
fiber neuropathy may actually sufEpidermal Nerve Fiber Density
fibers). This form of neuropathy
fer from metabolic syndrome, e.g.
Analysis
may be focal, but more often in“pre-diabetic” persons with an alvolves peripheral nerves in a
tered glucose metabolism.
How are epidermal nerve fibers
length-dependent pattern, meaning
For research purposes, intra-epivisualized?
that the earliest and most severely
dermal nerves may be locally elimiAs aforementioned, intra-epiaffected nerves
nated, or “knocked
dermal nerve fiber density analysis
are those that are
out”, using expousually uses the science of immunefurthest
away
sure to low-energy
For intra-epidermal
histochemistry. Immuno-histofrom the dorsal
shock waves or
chemical studies take advantage of
root ganglia. This
topical capsaicin.
nerve fiber density
the fact that the cells which make
length-dependent
A more widespread
up the human body have on their
pattern of nerve
loss of intra-epianalysis, clinicians
surfaces antigens (usually proteins)
fiber involvement
dermal nerves,
most commonly
that are relatively specific for that
gives rise to its
leading to bonaparticular cell type. To wit, encharacteristic
fide small fiber
perform one
dothelial cells express an antigen
stocking and/or
neuropathy, may
or two 3mm punch
designated as CD31, which is someglove-like distribe iatrogenic-inwhat specific for the cells that line
bution.
duced through
biopsies of skin.
vessels, and melanocytes express a
Most cases of
treatment with
relatively specific antigen called
peripheral neusome chemotheraS100 protein. It just so happens
ropathy that are
peutic
agents.
that nerves possess a particular
seen in a podiatric practice are of
Small fiber neuropathy may arise as
antigen on them that has been desthe small fiber variety; however, in
an occupational hazard secondary to
ignated as PGP 9.5. This antigen
some instances, large fibers may be
solvent exposure or persistent vibraprovides a specific target on intraforemost affected. It is the large
tory forces. The latter of these comepidermal nerves that can be used
fibers that are affected in patients
monly affects the hands of jackhamfor the purpose of identification
with compression neuropathy and
mer operators and the feet of those
and subsequent analysis. As their
in demyelinating neuropathies.
who spend extended periods of time
name implies, immune-histochemiEven some forms of diabetic neuoperating heavy equipment. Chronic
cal studies take advantage of the
ropathy may foremost involve large
alcohol abuse may precipitate small
specific binding of antibodies (“imnerve fibers, as in large fiber monofiber peripheral neuropathy, as might
muno”) to identify a particular
neuropathy or poly-neuropathy.
systemic amyloidosis and some forms
These large fiber neuropathies may
of vasculitis. Finally, patients infected
Continued on page 144

TABLE 2

Some of the Most
Common Causes of
Small Fiber Peripheral
Neuropathy
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antigenic target. For intra-epidermal nerve density analysis, a small
amount of PGP 9.5 is introduced
into the blood of a rabbit. As a
physiologic response to the presence of the foreign antigen, the
rabbit will form antibodies that are
highly specific for PGP 9.5. These
new antibodies are then retrieved
from the rabbit serum for laboratory use.
For intra-epidermal nerve fiber
density analysis, clinicians most
commonly perform one or two
3mm punch biopsies of skin. Once
in the lab, the punch biopsy is
sliced into 50µm thick sections,
and each is placed in its own well
within a testing tray. The rabbit-derived antibodies are then applied to
each of the tissue sections. The PGP
9.5-specific rabbit antibodies will
identify nerve fibers that are present within the tissue sections. The
final step consists of the application of goat-derived anti-rabbit antibodies and pigment. Many goatderived anti-rabbit antibodies will

Figure 4: High power magnification,
demonstrating large dilatations of epidermal nerves. These axonal swellings
are part of the degeneration process
within diseased epidermal nerves.

Figure 5: High power magnification
showing several attenuated and segmented epidermal nerve fibers. The
total count was within the moderately
neuropathic range.
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counting method involves adding
both those nerves that are seen
crossing the basement membrane
and those that are noted higher
within the epidermis. This is the
method used at institutions such as
Johns Hopkins Medical Center and
Bako Pathology
Services.
less
Much
the most
commonly-used
techniques emstudied single
ploy software in
How are epideranatomic location
an attempt to cremal nerve fiber
ate three-dimenmorphology
on the human body
sional reproducand density astions of the tissue
sessed?
is the calf at 10cm
to be tested. The
Once
the
proximal to
particular manner
fibers can be visuof counting emalized, the next
the lateral malleolus.
ployed by a lab is
steps are to disof great imporcern the health of
tance because the
the fibers by redisparate methods are not interviewing their structure and integrichangeable. Each technique will
ty, and to calculate their “density”
elicit its own normative curve in
within the epidermis. To assess
any anatomic location. In other
nerve morphology (structure), sevwords, a normal count using one
eral parameters are reviewed. Signs
method might be >4 fibers/mm,
of degeneration include features as
but for an alternate lab (using a difdisparate as excessive branching,
ferent counting method), the nornerve thinness, nerve segmentamal threshold might be >7
tion, poor staining, fiber varicosifibers/mm. For this reason, some
ties, and axonal swellings (Figure
consistency is warranted when
4). When quantifying the intra-epimonitoring a particular patient,
dermal nerve fibers, first all the
particularly when looking for small
fibers are counted across five ranchanges secondary to oral therapy.
domly selected 50 micron-thick tissue sections using 400X magnificaHow does epidermal nerve fiber
tion. The number of intra-epiderdensity analysis differ from
mal nerves from each representaroutine pathology?
tive section is summed up. To obIn addition to the method of
tain nerve density, the breadth of
staining that is used (immune-histhe epidermal surface of each crosstochemistry versus routine stains),
section is measured using image
ENFD differs from routine anatomanalysis software. By dividing the
ic pathology in many other ways.
number of nerves by the length of
Whereas routine biopsies are fixed
the epidermal surface (in millimein formalin, tissue taken for ENFD
ters), an average density is estabanalysis is not. In fact, formalin inlished. The density is then exhibits the binding of antibodies to
pressed as the number of nerve
PGP 9.5, thereby rendering the tisfibers per millimeter (fibers/mm).
sue useless. Biopsies taken for ENFD
Once the density falls below a “noranalysis are fixed in Zamboni’s fixamal” threshold, the patient is said
tive or PLP (the pros and cons of
to have small fiber neuropathy,
these fixatives will be discussed
which may be quantified dependlater). An additional difference being on the severity (Figure 5).
tween tissue prepared for ENFD
It is important to note that
testing, and that destined for routhere are several different methods
tine pathology, is that punch biopof counting intra-epidermal nerves.
sies being prepared for ENFD analySome labs count only those nerves
sis are frozen and then cut into 50
that are seen crossing the epidermal
micron-thick sections; in contrast,
basement membrane. Some investigators have found that a better
Continued on page 146
bind to each of the previously applied PGP 9.5-specific rabbit antibodies. As the antibodies continue
to bind, they will form a dense coat
of antibody and pigment around
each intra-epidermal nerve fiber.
The net result is that even the tiniest nerve fibers
will become visible using light
By far,
microscopy.

PODIATRY MANAGEMENT • AUGUST 2010

www.podiatrym.com

Epidermal...
tissues taken for routine pathology
are dehydrated and then infused/embedded in paraffin wax so
that they may be cut into 3-5 micron-thick slices. Due to the greater
complexity of the technique itself,
from the time of receipt until the
completion of slide preparation,
ENFD analysis will take at least
three days, whereas routine histopathology slides may be prepared
in several hours.
What are the ideal biopsy sites
and why?
For a particular epidermal nerve
fiber density quantification to have
clinical significance, there must be
an established normative range at
the location where that sample was
taken. Thankfully, potential variables such as gender and age have
little influence on fiber density between individuals. The most significant single variable among normal
subjects is anatomic location. This
means that for a biopsy from any
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particular anatomic location to be
useful, there must be an established
normative range from that site. By
far, the most studied single
anatomic location on the human
body is the calf at 10cm proximal
to the lateral malleolus (Figure 6),

To ensure that
punches are not
damaged when being
picked up, only
atraumatic forceps
should be used.

followed by the proximal thigh at
10 cm distal to the greater
trochanter of the femur. Normative
values have been established at
these locations using a variety of
analytical methods.
Small fiber peripheral neuropa-
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thy is a length-dependent process;
meaning distal anatomic sites are
affected more severely than more
proximal locations. For this reason,
there is an advantage to taking
biopsies from both the proximal
thigh and distal leg, when possible.
The distal biopsy is most important, offering clinicians an excellent reflection of the extent of the
disease process at any point in
time. It is there that the fiber density has optimal significance, and
where the test is most sensitive.
In contrast, because small fiber
neuropathy is length-dependent,
biopsies obtained from more proximal sites may be expected to be less
severely affected than distal samples in bona-fide small fiber neuropathy. In this vein, an abnormal
distal biopsy and a normal proximal biopsy is evidence of length dependence, and therefore further
militates in favor of small fiber neuropathy.
There is no published evidence
that biopsies taken from cutaneous
Continued on page 147
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sies may require sutures
and carry with them a
higher complication
sites which are near to, or adjacent
rate, they are difficult
to, each other (such as the lower
to justify. It is primarily
calf and dorsal foot) establish
with differences 3 & 4
length dependence. In fact, in our
that, in our experience,
experience, the second punch
clinicians may run into
rarely offers enough additional introuble, because in
formation to justify the expense.
each case, if mismanArguably, more information might
aged, the very integrity
be derived from performing bilaterof the analysis may be
al punches. We have found that
compromised.
small fiber neuropathy is not alW h e n
performing Figure 7: A normative value will be published soon for a
p u n c h site within the scope of practice of all podiatric clinicians
biopsies for (at the level of the talar dome, posterior to the fibula).
the purpose
and forth between the thumb and
of epidermal nerve fiber
index finger. The punch should
density analysis, it is
never be forced through the skin
important to avoid inexclusively using vertical pressure;
troducing artifact into
rather, only slight downward presthe specimen, which
sure should be applied. Forcing the
might artificially alter
punch down through the skin will
the nerve fiber density.
create a mushroom-shaped biopsy
To avoid such artifacts,
and may result in crush artifact
the punch blade should
along the biopsy’s peripheral edges.
Figure 6: The ideal anatomic location for epidermal nerve cut through the skin by
rotating the punch back
fiber density testing, 10cm above the lateral malleolus.
Continued on page 148
ways a symmetrical process, as evidenced by density values that are
often not identical.
Additional sites where normal
values are either being studied or
pending publication are the skin
posterior to the fibula, at the level of
the talar dome, and over the dorsum
of the foot at the level of the fourth
metatarsal-cuboid articulation.
How are punch biopsies for the
purpose of epidermal nerve
fiber density testing obtained?
Punch biopsies taken for epidermal nerve fiber density testing are
taken in a manner similar to those
obtained to assess other conditions
of skin with four important differences: 1) biopsies must be performed at one of a few specific
anatomic locations, 2) as a standard, 3mm punch biopsies are
used, 3) special care must be taken
not to crush or distort the surface
epithelium, 4) the biopsy is NOT
fixed in formalin.
With regard to punch size, the
overwhelming majority of the research on the subject has used
3mm punches. For the purposes of
the test, larger punches also may be
used; however, because such biopwww.podiatrym.com
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Such an artifact will likely decrease
the resultant nerve fiber density.
An additional source of crush
artifact is secondary to rough handling when samples are removed
from the biopsy site. To ensure that
punches are not damaged when
being picked up, only atraumatic
forceps should be used. In most instances, such forceps are included
within the biopsy transport kit. The
surface epidermis should never be
cross-clamped when handling the
biopsy. To avoid handling the surface epithelium, the sample should
be gripped by the dermal soft tissue, rather than the surface epithelium. To help accomplish this, after
the skin has been punched and the
punch blade has been removed, the
opposing limbs of the forceps may
be pressed down on the skin on either side of the biopsy site. Pushing
down on the surrounding skin in
this manner will cause the punch
itself to rise out relative to the adjacent skin. When the sample rises
above the surrounding skin, the
underlying dermis is exposed. It is
this deeper “beefy” tissue which
should be grasped with the forceps.
Once the deep tissue has been
grasped, the sample may be lifted
out and the connective tissue base
may be cut using curved scissors.
An on-line demonstration of this
biopsy technique may be viewed at
www.bakopathology.com.
How are biopsy specimens
fixated for epidermal nerve
fiber density testing?
Almost all tissue that is obtained for pathologic analysis is
placed in formalin; however, there
are three notable exceptions, namely: tissue taken for microbiologic
culture (kept fresh), tissue taken for
crystal analysis due to suspected
gout (placed in dehydrated alcohol), and punches taken for epidermal nerve fiber density analysis
(placed in Zamboni’s fixative or
PLP). Although formalin is an excellent fixative for routine anatomic pathology specimens, in tissue
that is destined for epidermal nerve
fiber density testing, it binds with
the PGP 9.5 antigen on the surface
of neurons and prevents the attachment of the anti-PGP 9.5 antibody.
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This lack of antibody-antigen binding will result in an erroneously diminished number of epidermal
nerve fibers, even in normal subjects, and possibly lead to a falsepositive diagnosis of small fiber
neuropathy.
There are two common fixatives
that may be used to prepare tissue
for epidermal nerve fiber analysis:
PLP and Zamboni’s fixative. Each
method of fixation has its advantages and disadvantages. The first
fixative to be used for epidermal
nerve fiber density analysis was
PLP. This is an excellent fixative,
but has its disadvantages. The principle disadvantages of PLP are that
it has limited shelf life and must be
kept refrigerated. Over the course of
a few weeks following its prepara-

The full utility of
epidermal nerve fiber
density analysis in the
management of our
diabetic patient
populations is
only now becoming
appreciated.

tion, the constituents of PLP will
precipitate out, leaving the formulation ineffective for tissue fixation.
This means that the kit cannot be
ordered until a patient is actually
scheduled for a procedure. If for
any reason there is a significant
delay before performing the biopsy,
following the receipt of the biopsy
kit, new PLP must be requested. In
contrast to PLP, Zamboni’s fixative
is stable at room temperature and
has a much longer shelf life. When
using PLP, medical practices may
require a dedicated refrigerator to
house their biopsy kits. This is virtually never a requirement when
using Zamboni’s fixative. In addition, delays prior to performing the
procedure are rarely problematic
because of its long shelf life. A potential drawback to the use of Zamboni’s fixative is that it is a mild
acid. Because of its corrosive prop-
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erties, the biopsy specimen can
only be exposed to Zamboni’s for a
limited amount of time. For sufficient fixation, the specimen should
be submerged in Zamboni’s fixative
for at least six to eight hours; however, the analysis is best performed
when the exposure time is less than
24 hours. Ideally, the biopsy should
be placed in Zamboni’s fixative
overnight, and then a quick rinsing
step is performed early the following morning. This rinsing step removes and neutralizes the Zamboni’s fixative; it is simple to do,
and takes a staff member no more
than two minutes.
To perform the rinsing step, the
vial containing the biopsy and
Zamboni’s fixative is opened at the
beginning of the day following the
biopsy. The yellow Zamboni’s fixative is then poured off (leaving the
skin sample in the vial). The initial
vial, which should now contain
only the biopsy, is then filled with
phosphate buffer. The phosphate
buffer is then poured off, again
leaving the skin sample in its original vial. To be sure to remove or
neutralize all Zamboni’s fixative,
the tissue is again rinsed with phosphate buffer. Finally the vial containing the rinsed skin sample is
filled with a cryoprotectant to protect the specimen during transportation. This rinsing step will ensure that the specimen is safe, even
if there are short delays during
shipping. Again, this biopsy rinse
and transfer technique is easy to do
and takes only a moment. A
demonstration may be viewed online at www.bakopathology.com.
How is the biopsy for epidermal
nerve fiber density handled/
shipped?
Most labs that perform epidermal nerve fiber density analysis
supply the materials that are essential for obtaining and shipping the
sample. A basic transport kit will
contain a sterile barrier, sterile
punch, curved scissor, alcohol and
Betadine wipes, a transport cooler
and cool-pack, and prepaid
overnight shipping labels. Prior to
performing the biopsy procedure,
the cool pack should be placed in a
freezer for use during return shipping (particularly important during
Continued on page 150
www.podiatrym.com
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summer months). When Zamboni’s
fixative is used, the sample is fixed
overnight in that fixative, then
rinsed as describe above. The biopsy is then packed for shipping.
When packing the specimen,
place the cool-pack into the cooler
first, cover with the Styrofoam divider, and then insert the vial containing the biopsy. If Zamboni’s
fixative is used, and the rinse and
transfer step is deferred, clinicians
must ensure that the specimen is
received at the lab with 24 hours.
Moreover, the sample must be received during that lab’s hours of
operation so that the rinse and
transfer step can be performed by
laboratory personnel within the 24hour exposure period. To minimize
the chance of over-exposure, when
biopsies are to be shipped in Zamboni’s fixative, they should be obtained during the afternoon hours,
and then shipped to the lab on the
same day for delivery the following
morning.
What are the indications for
epidermal nerve fiber density?
The full utility of epidermal
nerve fiber density analysis in the
management of our diabetic patient
populations is only now becoming
appreciated. Though for much of
the last two decades this test has
been used mostly in the context of
research, it has now become a highly specific, and sensitive, method to
qualify and quantify small fiber peripheral neuropathy. In fact, this
test itself has played a crucial role in
the research that has allowed this
pattern of peripheral neuropathy to
be characterized.
There are multiple angles from
which epidermal nerve fiber density (ENFD) analysis will allow us to
approach the management of our
diabetic patients: namely, as a confirmatory diagnostic tool, as a
prospective or predictive tool, and
as a tool to gauge the effectiveness
of medical management. The most
obvious use for this examination is
to definitively diagnose suspected
small fiber peripheral neuropathy,
particularly when a predisposing
condition is not apparent.
For years, many of us in the podiatric profession have lumped all
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patients with burning, tingling, or
numbness into a single wastebasket
diagnosis, e.g., “peripheral neuropathy.” By not defining the precise pattern of neuropathy, we
made it impossible to assess the effectiveness of emerging therapies
on specific patient populations.
This can be likened to treating
every bacterial infection with penicillin and then believing the antibiotic is useless because, in some instances, it doesn’t work. By precisely characterizing the form of neuropathy affecting our patients, we
can look at and judge specific therapeutic modalities in their appropriate light.
Perhaps the most interesting
use of this test, and the most intriguing facet of its potential future
use, involves its role as a predictive
tool in patients who are at risk, or

Like most testing
methods, the
specificity of ENFD
analysis increases
when the results are
nearer to the extremes
of the bell curve.
who are exceedingly early in the
development of small fiber peripheral neuropathy. Because ENFD
analysis may reveal degenerative
changes that precede an actual
drop of nerve fiber density, and in
some cases a decrease in epidermal
nerve fiber density may precede the
symptoms of neuropathy, this test
may in time become a standard
means of determining which patients should be placed on preventive medication prior to their development of overt symptomatology.
This approach has the potential to
curb the number of patients who
eventually become neuropathic.
Finally, ENFD analysis is widely
used to monitor the effectiveness
of various therapeutic modalities
in diabetic (and non-diabetic) patients. In recent years, we have
seen several prolific public speakers in podiatry, such as Allen Ja-
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cobs, DPM, Mackie Walker, DPM,
and Lawrence Didominico, DPM,
lecture on this topic. Epidermal
nerve fiber density analysis allows
us to document an objective baseline prior to the initiation of therapy. We can then repeat the exam
after a specific interval (6-12
months) to assess disease progression, or alternatively, disease regression. It is this manner of use
that is allowing for the development and refinement of specific
therapeutic options for small fiber
peripheral neuropathy. It is also
here that the podiatry profession
can play a major, if not pivotal,
role in ongoing clinical and pharmaceutical research.
What is the specificity and sensitivity of epidermal nerve fiber
density analysis?
Like most testing methods, the
specificity of ENFD analysis increases when the results are nearer to
the extremes of the bell curve. For
instance, the threshold for what
should be considered a “low”
ENFD, using the Bako method of
counting, is 7.1 epidermal nerves
fibers per millimeter. At this threshold (the 10th percentile), the specificity of ENFD is about 90%; however, at 3.8 fibers per millimeter
(the 5th percentile), the specificity
rises to 97%. The sensitivity of
ENFD analysis is roughly 70% if no
effort is made to screen out cases
where there is large fiber involvement; however, if a simple tuning
fork is used to assess vibratory sensation (diminished sensation is indicative of large fiber involvement),
the sensitivity can be increased to
roughly 90%.
What are the advantages of
epidermal nerve fiber density
analysis over other testing
methods?
The principle advantages of
ENFD over other testing methods
are three-fold. Foremost, ENFD is
an objective analysis, meaning it is
not affected by the inherent flaws
that plague subjective tests such as
Semmes-Weinstein monofilaments.
Secondly, ENFD analyses exhibit
high sensitivity and specificity
when specifically assessing for the
presence of small fiber peripheral
Continued on page 152
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Epidermal...
neuropathy. Many common testing
methodologies, such as nerve conduction studies, measure predominantly large fiber abnormalities,
and have little relation to small
fiber disease. The same may also be
said for sural nerve biopsy. Finally,
many of the available testing methods are not readily available in an
office setting; rather, they mandate
that the patient report to a major
academic center for testing. The
biopsy used for epidermal nerve
fiber density analysis may be obtained in a few minutes in an office
setting.
Conclusion
In summary, epidermal nerve
fiber density is a test which allows
for the diagnosis of small fiber peripheral neuropathy in an objective
manner, based on the analysis of a
common punch of skin. The biopsy
technique has subtle differences
from a standard punch biopsy,
some of which are crucial to the in-
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tegrity of the test, namely, the biopsy size, site, handling, and fixation.
This test has proven to be highly
specific and sufficiently sensitive in
the diagnosis of small fiber neuropathy, and an ideal method for
monitoring the disease process in
patients who are undergoing medical management. An additional use
as a predictive modality shows great
potential and will certainly be a
subject of future research. I
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