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Abstract
Neuropathy is a common complication of diabetes 
mellitus (DM) with a wide clinical spectrum that encom
passes generalized to focal and multifocal forms. 
Entrapment neuropathies (EN), which are focal forms, 
are so frequent at any stage of the diabetic disease, that 
they may be considered a neurophysiological hallmark 

of peripheral nerve involvement in DM. Indeed, EN may 
be the earliest neurophysiological abnormalities in DM, 
particularly in the upper limbs, even in the absence of a 
generalized polyneuropathy, or it may be superimposed 
on a generalized diabetic neuropathy. This remarkable 
frequency of EN in diabetes is underlain by a peculiar 
pathophysiological background. Due to the metabolic 
alterations consequent to abnormal glucose metabolism, 
the peripheral nerves show both functional impairment 
and structural changes, even in the preclinical stage, 
making them more prone to entrapment in anatomically 
constrained channels. This review discusses the most 
common and relevant EN encountered in diabetic pa
tient in their epidemiological, pathophysiological and dia
gnostic features. 
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Core tip: Diabetic neuropathy syndromes include 
both generalized and focal/multifocal forms. Entrap
ment neuropathies (EN) are remarkably frequent 
in the focal forms and may be the earliest neuro
physiological abnormalities in diabetes, even in the 
absence of a generalized polyneuropathy. Based on 
a pathophysiological hypothesis, diabetic patients’ 
peripheral nerves, damaged by the altered glucose 
metabolism, show both functional impairment and 
structural changes. This makes them more susceptible 
to chronic compression in anatomically constrained 
channels. Therefore, EN may be considered a neuro
physiological hallmark of peripheral nerve involvement in 
diabetes mellitus.
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INTRODUCTION
Neuropathy is a major complication of diabetes mellitus 
(DM) and is as common as protean. Moreover, it not 
only leads to an impaired quality of life, but also to an 
increased morbidity and mortality[1]. Diabetic neuropathy 
(DN) is the most common form of neuropathy in 
Western countries, with a wide prevalence in literature, 
ranging from 5% to 90%[2,3]. Such a large discrepancy 
is mainly due to the different methods, i.e., sets of 
electrophysiological and clinical criteria and demographic 
data adopted[4]. The EURODIAB IDDM Complication 
Study reports a 28% prevalence of DN across Europe[4]. 
Considering that DM affects about 246 million people 
worldwide, it can be estimated that 20-30 million people 
have a DN[5].

There are numerous and heterogeneous neuropathic 
syndromes associated with DM. Indeed, the Toronto 
Diabetic Neuropathy Expert Group[1,6] updated the 
classification of DNs, providing definitions, minimal 
criteria for diagnoses and severity estimations. The 
Toronto Consensus Panels on DN[1,6] accepted Thomas[7] 
and Boulton et al[8]’s separation of DNs into generalized 
and focal/multifocal neuropathies (Table 1).

Generalized DNs can be further classified into at 
least two major subgroups, i.e., typical and atypical[1,6]. 
The most common generalized DN is the typical sym
metric sensorimotor polyneuropathy, which is known 
to be length-dependent[9]. The atypical forms of genera
lized DN are usually intercurrent, painful varieties and 
can develop acutely at any time during the course of a 
patient’s disease[10].

Focal and multifocal neuropathies in DM: Entrapment 
syndromes vs mononeurites/multiple mononeuropathies
The focal and multifocal neuropathies associated with 
DM can be broadly subdivided into two categories[6], 
which are characterized by different clinical features 
and underpinned by various pathophysiological back
grounds. Entrapment of the nerve, favoured by chro
nic compression, is the pivotal causative factor in the 
first group: This includes median neuropathy at the 
wrist (MNW), ulnar neuropathy at the elbow (UNE) 
and peroneal neuropathy at the knee[6]. The second 
group encompasses cranial mononeuropathies or mono
neurites, multiple mononeuropathies and thoracic, 
cervical and, most frequently, lumbosacral radiculo
plexus neuropathies. The latter is also known as diabetic 
amyotrophy or Bruns Garland syndrome, where the 
pathophysiology involves inflammatory factors, micro
vasculitis and ischemia[11-13]. The 3rd and 6th are the 
most commonly affected cranial nerves, whilst the 
7th is more rarely involved. Some pathological studies 
have demonstrated a centro-fascicular lesion in the 

intracavernous portion of the 3rd cranial nerve, sparing 
the peripheral fibres (and, consequently, the pupillary 
reaction), attributable to ischemic damage[5,14].

The two groups, i.e., entrapment neuropathies (EN) 
and mononeuropathies/multiple mononeuropathies, 
have different clinical characteristics[15]. Indeed, mono
neurites or multiple mononeuropathies usually have an 
acute onset, where pain is a common feature, and a 
self-limiting clinical course within a 6-mo period, even if 
forms like diabetic amyotrophy may be highly disabling. 
On the other hand, EN have a gradual onset, a slow 
progression and persist without intervention[15].

EN: General epidemiological remarks
EN are remarkably common in DM[15,16] at any stage and 
may be asymptomatic. Therefore, patients with signs 
and symptoms suggestive of an entrapment should be 
thoroughly investigated, as surgery may be indicated[15]. 

A study by Stamboulis et al[17] aimed at establishing 
whether symptomatic mononeuropathies are more 
frequent in diabetic patients without symptoms of 
polyneuropathy than in the general population. A large 
cohort of 642 consecutive outpatients with various 
acute symptomatic mononeuropathies (radial, ulnar or 
peroneal neuropathy, Bell’s palsy or median neuropathy 
at the carpal tunnel) were screened for the presence 
of DM. The results showed that in 522/642 patients 
with symptomatic carpal tunnel syndrome (CTS) and 
in 38/522 with Bell’s palsy, DM frequency (7.7% and 
10.5%, respectively) did not differ significantly from that 
expected in the general population[17]. Conversely, the 
respective DM rates (27.8%, 12.2% and 30.4%) were 
significantly higher than in the general population in 18 
patients with radial neuropathy at (or distally to) the 
spiral groove[17]. The same finding was observed in 41 
patients with ulnar neuropathy and in 23 patients with 
peroneal neuropathy at the fibular head[17]. This suggests 
that diabetic patients are more prone to focal limb 
neuropathies caused by acute external compression. 
However, this study focused on acute symptomatic 
mononeuropathies, whilst the majority of EN in DM are 
chronic and often asymptomatic.

Some cross-sectional and population studies reported 
a high prevalence of both symptomatic and asympto
matic MNW and ulnar nerve entrapments, with an 
increased lifetime risk for CTS, compared to the general 

343 September 15, 2016|Volume 7|Issue 17|WJD|www.wjgnet.com

Rota E et al . Entrapment neuropathies in diabetes mellitus

  Diabetic neuropathies

  Generalized Typical (symmetrical, lenght-dependent, 
sensorimotor neuropathy)
Atypical (painful varieties)

  Focal/multifocal Multiple mononeuropathy
Entrapment neuropathy

Lumbosacral/thoracic/cervical 
radiculoplexus neuropathy

Table 1  Diabetic neuropathies classification (according to 
Dyck et al [6], on behalf of the Toronto Expert Panel on 
Diabetic Neuropathy, 2011)
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showed more prominent involvement of large fibres[25]. 
Hence, some kind of a “continuum” of peripheral nerve 
damage, associated with glucose dysmetabolism, 
may be hypothesized. A subtle impairment of nerve 
function, which begins in the preclinical stage of DM 
and progresses into the more advanced stages of 
the disease, is involved in this dysmetabolism, where 
sustained hyperglycemia alters biochemical pathways 
in the neurons, making the nerves more susceptible to 
entrapment. 

There is clear evidence of the pathogenetic role the 
activated polyol pathway plays in diabetic nerves. Both 
the neurons and Schwann cells of patients with chronic 
hyperglycemia undergo a shift from the physiologic 
conversion of glucose into glucose-6-phosphate by 
hexokinase into an alternative pathway, where excess 
glucose is transformed into sorbitol by the aldose-
reductase. Sorbitol, due to its low plasma membrane 
permeability, may act as an osmotic driver and, con
sequently, promote axonal and nerve trunk swelling 
in DM[29]. Moreover, the activated polyol pathway may 
induce a decrease in Na/K ATPase activity, leading 
to intra-axonal Na accumulation and a reduced Na 
gradient across the plasmatic membrane[30].

Prolonged hyperglycemia may also enhance oxidative 
stress as radical scavengers are recharged too slowly 
to counterbalance the higher activity of the electron 
transport chain induced by the glucose overload[29]. The 
nerve axons, which are rich in mitochondria, are parti
cularly vulnerable to oxidative damage in DM. Such a 
“double cellular crisis” of energy failure and oxidative 
damage has also been proven in Schwann cells[31].

Furthermore, neurodegeneration may also be 
promoted by advanced glycation end products, which 
accumulate due to the non-enzymatic glycosylation of 
proteins and may even damage the function of pericytes 
and impair the nerve vascular supply[29]. A study on 
an animal model also led to the hypothesis that endo
nevrium and perinevrium metabolic and phenotypic ab
normalities may be underlying causal factors in the high 
sensitivity of diabetic nerves to entrapment[32].

The “double crush” hypothesis revisited
All these metabolic alterations lead to both functional 
impairment and structural changes, mainly swelling, in 
the nerves, making them more prone to entrapment 
in anatomically constrained channels[33]. In other 
words, there is a sort of “two hit” model. The glucose 
derangement hits the peripheral nerve first, which then 
becomes more susceptible to a second “hit”, by the 
local factors related to entrapment, such as increased 
pressure, strain and/or elongation in the anatomically 
narrow sites. This may well be in agreement with 
Upton’s “double crush hypothesis”. In 1973, Drs. Upton 
and McComas[34] hypothesized in the journal Lancet 
that, if non-symptomatic impairment of axoplasmic flow 
occurs at more than one site along a nerve, it might well 
sum-up to cause a symptomatic neuropathy[33,35]. This 

population. Herein, we should only like to emphasize 
that the presence of MNW was detected in 28% of DM 
patients at diagnosis[18] and that this proportion rose 
to 62.5% in patients with an average disease duration 
of 14.5 years[19]. This finding seems to confirm an 
association between EN, previously reported as not 
being age-dependent[20], and longer disease duration. 
Furthermore, subclinical UNE was electro-diagnosed 
in a remarkably high percentage, i.e., 34%, of DM 
patients[19], suggesting that the ulnar nerve is very 
susceptible to focal entrapment in DM, as is the median 
nerve. These findings and others (see CTS and ulnar 
entrapments), suggest that EN in DM, mostly at the 
upper limbs, are not late complications, but rather early 
neurophysiological abnormalities, where the frequency 
increases with the disease duration and/or in the 
presence of generalized DN.

THE PATHOPHYSIOLOGY OF EN: OLD 
AND NEW EVIDENCE
Epidemiological findings suggest that peripheral nerves 
are strikingly susceptible to focal entrapment in the 
presence of DM. Such a liability to chronic compression 
in DM may be attributable to metabolic factors and 
endoneurial ischemia, which damage the nerves already 
in the long preclinical stage[21], as was first proven in 
animal models[22]. Therefore, a focal EN may be the first 
and, at times, only manifestation of a peripheral nerve 
involvement not only in DM, but also in prediabetes.

Growing evidence has shown that, on the one hand, 
impaired glucose tolerance may cause peripheral neur
opathy itself and, on the other, abnormal glucose meta
bolism underlies a relevant proportion of apparently 
“idiopathic” sensory neuropathies[23-25]. The effects of 
sustained impaired glucose tolerance and progressive 
insulinopenia, also in the absence of hyperglycemia, 
were studied in an animal model (Goto-KakizaKi rat), 
which showed a functional and structural neuropathy 
associated with impaired NGF support and neuropeptide 
synthesis[26]. Indeed, insulin deficiency has been proven 
to be a pivotal pathogenetic factor in DN, owing to its 
unique trophic properties that act on sensory neuron 
and axon receptors[27]. Not only has it been shown that 
abnormal direct neuronal insulin signaling contributes to 
neuro-degeneration, but studies are ongoing on other 
important molecular factors that influence neuronal and 
axon growth, such as PTEN (phosphatase and tensin 
homolog deleted on chromosome 10)[28].

On the other hand, observational studies have 
reported an increased prevalence of impaired glucose 
tolerance (up to 34%) in subjects with painful sensory 
neuropathy[23,24]. In another study, where patients 
with peripheral neuropathy of unknown origin were 
administered Oral Glucose Tolerance Test, 56% had 
abnormal results. Moreover, patients with impaired 
glucose tolerance had predominantly small fibre 
neuropathy, compared to those with overt DM, who 
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hypothesis relied on the clinical observation that most 
patients observed by the authors had an MNW, which 
was often bilateral, or an ulnar neuropathy, associated 
with cervical radiculopathy. Drs. Upton and McComas[34] 

supposed that axoplasmic flow could also be impaired 
by the metabolic damage, based on the frequent 
association between DM and CTS. Hence, in a revisited 
and extended “double crush hypothesis” (Figure 1), not 
only proximal nerve impingement, but also metabolic 
dysfunction and nerve swelling subsequent to DN, may 
be involved in the “first crush”. This predisposes nerves 
to chronic compression, i.e., the “second crush”, in 
anatomically constrained sites, like carpal and/or tarsal 
tunnels[15].

This mechanism seems to be consistent with the 
frequent association of both generalized and focal 
DN, where an EN is superimposed on a generalized 
form of DN. Indeed, the metabolic derangement and 
the microvessel alterations, subsequent to chronic 
hyperglycemia, lead to exhaustion of the ATP supply 
and an earlier fibre dissolution in the distal nerve 
compartment[36]. This may be in line with the well-
known dying-back pathophysiological mechanisms 
that underlie generalized typical, symmetrical, length-
dependent diabetic neuropathy. However, the same 
subclinical damage to distal nerve segments and the 
early demyelination of small sensory fibres may be 
taken into account when interpreting a slow conduction 
velocity and/or conduction blocks across the carpal 
tunnel, in the distal median nerve in MNW, which is 
often the earliest EN. 

Diabetic neuropathy: Axonal or demyelinating?
The question thus arises whether the nature of DN 
is axonal or demyelinating. The results of a study 
aimed at answering this question[37] suggested that 
both mechanisms are involved. Demyelination seems 
to appear earlier in diabetic patients with or without 
symptoms of polyneuropathy, whilst axonal loss seems 
prevalent in more advanced DN, where it may be 
responsible for most of the symptoms. Moreover, the 
abnormal conduction velocity in the distal segment of the 

sural nerve, observed by Cappellari et al[38] in impaired 
glucose tolerance subjects without clinical neuropathy, 
also suggests that the myelin dysfunction of the distal 
sensory fibres represents the earliest detectable nerve 
response to hyperglycemia. Furthermore, a peculiar 
pattern of “abnormal median or ulnar/normal sural”, 
i.e., reduced sensory action potential of median or 
ulnar nerve in the presence of normal sensory action 
potential of sural nerve, was detected in 82% and 80% 
respectively of newly diagnosed diabetic patients[18]. 
Such a peculiar pattern was found in a high proportion 
of patients with acute inflammatory polyneuropathy 
and was thus considered suggestive of an early distal 
nerve involvement[39]. Hence, if the small myelinated 
nerve fibres may be assumed to be the most susceptible 
to entrapment, this may explain the finding of median 
neuropathy in a very distal segment of the nerve across 
the carpal tunnel, as the earliest neurophysiological 
alteration in patients with abnormal glucose metabolism 
(impaired glucose tolerance and DM). This is observed 
even in the absence of an overt DN. On the other 
hand, demyelination has been described as the first 
human nerve response to chronic compression in the 
pioneering studies carried out by Dellon et al[22] and 
Mackinnon et al[40], who detected markedly thinner 
myelin after compressive injuries. A Schwann cell pro
liferation, accompanied by increased apoptosis, has 
also been observed in animal models some weeks after 
compression[41]. These and other experimental findings 
reviewed by Tapadia et al[41], suggest that myelinated 
neurons may be particularly susceptible to mechanical 
stress, a pivotal factor in EN. Therefore, in the presence 
of a DN the peripheral nerves, that are already suffering 
from endoneurial ischemia and altered axonal excita
bility, are made more vulnerable to pressure. 

This may lead, on the one hand, to an induction of 
demyelination and, on the other, cause local vascular 
impairment and superimposed axonal damage in 
anatomical tunnels[42]. This seems to imply that, in EN, 
once an entrapment has occurred, the chronic com
pression may enhance the pre-existing nerve metabolic 
damage within a sort of vicious circle, leading to 

Diabetes mellitus
Other metabolic/endocrine injuries
Radiculopathy

Increased pressure in the carpal tunnel
and in other anatomically constrained
channels

Normal nerve Nerve with
subclinical damage

Nerve with entrapment
neuropathy

Figure 1  The “Double Crush” hypothesis revisited.
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worsening, unless surgery is performed. Furthermore, 
regeneration is impaired in DM patients. Indeed, the 
microangiopathic changes in small vessels, the metabolic 
derangement of neurons and Schwann cells, defects 
in the inflammatory cells within the injury milieu and 
lack of trophic factors, may contribute to the failure of 
regenerative programmes[43].

EN: Often asymptomatic
Another peculiar finding of EN in DM deserves mention. 
It is well known that DN are often asymptomatic. 
Indeed EN, mainly MNE and UNE, may frequently 
occur as subclinical neurophysiological alterations, in 
the absence of clinical symptoms, as demonstrated by 
some studies[18,19,44,45]. MNW was asymptomatic in 36% 
of the patients in a cohort of some newly diagnosed 
DM patients[18], similar to that obtained by Celiker et 
al[44]. This suggests that the presence of lesions in 
the proximal nerve segment and/or an alteration of 
the threshold of the sensory nerve fibres may render 
patients with DN less prone to develop a clinically 
evident CTS than normal controls[18,20,44,45].

EN DIAGNOSIS: GENERAL 
METHODOLOGICAL ASPECTS
Electro-diagnostic studies are the mainstay in the 
diagnostic work-up of EN. Sensory and motor con
duction studies provide an array of documentation on 
neuropathy. They distinguish the generalized forms 
from focal forms and show focal neurophysiologic 
abnormalities in anatomically constrained channels 
along the suspected nerve. Moreover, electrodiagnostic 
studies allow for the demonstration of the axonal or 
demyelinating features of the neuropathy, the staging 
of its severity and, last but not least, the exclusion of 
other concomitant diseases. One remarkable charac
teristic of electromyography is that it is able to detect a 
superimposed radiculopathy (such as a cervical C7-C8 
radiculopathy concomitant with CTS) in the afore
mentioned “double crush” syndrome[34].

There is growing evidence in favour of the use of 
imaging techniques as ancillary or complementary 
methods in the diagnostic process of neuropathies, 
above all for EN. Ultrasonography has been proven 
to offer several advantages in assessing peripheral 
nerves, including its cost-effectiveness, time-efficient 
evaluation of long nerve segments, ability to perform 
dynamic maneuvers, lack of contraindications, portability 
and non-invasiveness[46]. The last decade has witnessed 
an extensive use of neuromuscular ultrasonography, 
particularly in the assessment of EN, where the most 
common and reproducible sonographic finding is nerve 
enlargement, just proximal to the site of entrapment[47]. 
This enlargement is typically fusiform, rather than 
discretely focal, and is usually measured by the nerve 
cross-sectional area. Although the cause of nerve 
enlargement has not yet been completely clarified, it 

has been hypothesized to be the result of axoplasmic 
damming, as observed in entrapment and chronic 
nerve compression models[47]. Moreover, inflammatory 
and/or vascular components may contribute to nerve 
enlargement. Along with nerve enlargement, just 
proximal to the site of entrapment, other less common 
findings have been reported and include hypoechoic 
nerve echo-texture, nerve flattening and pinching at 
the entrapment site, enlargement of single or multiple 
fascicles and/or increased vascularity within the nerve[47]. 
A recent study[48] was carried out to identify ultrasound 
findings in type II DM patients complaining of neuropathic 
symptoms and signs. Nerve ultrasound revealed an 
increased cross-sectional area in the peripheral nerves 
both at compression sites, even in the absence of clinical 
symptoms, and at non-compression sites. The authors 
hypothesize that cross-sectional area enlargement at 
compression sites indicates subclinical nerve damage 
and probably susceptibility to entrapment. Whilst 
cross-sectional area increase at non-compression sites 
suggests early morphological abnormalities, even when 
nerve conduction studies are unremarkable[48]. However, 
further studies should be carried out to confirm these 
results and to identify any correlations between ultra
sonographic and electrodiagnostic findings.

The current role of magnetic resonance imaging (MRI) 
neurography in diabetic neuropathy is mainly that of 
excluding the presence of a lesion as the cause of nerve 
entrapment in cases of focal or regionally distributed 
multifocal neuropathy, mostly when clinical and ele
ctrodiagnostic findings are inconclusive. Furthermore, 
MRI neurography can diagnose those extra-neural 
affections that mimic neuropathic symptoms, such as 
Charcot arthropathy, osteomyelitis, plantar fasciitis, 
etc[49].

MEDIAN ENTRAPMENT NEUROPATHY 
AT THE WRIST AND CARPAL TUNNEL 
SYNDROME
Median nerve entrapment neuropathy at the wrist 
(MNW) is the prototype of EN and is caused by the 
compression and traction of the median nerve within 
the carpal tunnel, an osteofibrous outlet located 
between the transverse carpal ligament and the carpal 
bones. It may be asymptomatic or accompanied by 
sensory complaints (pain, numbness, paraesthesias) or 
motor symptoms (weakness, clumsiness) in the section 
of the hand supplied by the median nerve. CTS is the 
commonest median neuropathy, with a 10% lifetime 
risk in the general population[50]. Prevalence rates vary 
widely across studies, depending on various factors, 
such as the geographic area, age, anthropometric data, 
exposure to risk factors for CTS and the diagnostic 
criteria used. Recently, a CTS prevalence of 2.3% to 
4.3% has been reported in two large cohorts of French 
workers[51]. Some studies[18-20,42,52] report the prevalence 
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of both MNW and CTS to be several-fold higher in DM 
patients than in the general population, above all in 
DM patients with polyneuropathy and/or long disease 
duration. CTS has been detected in 14% of diabetic 
subjects without polyneuropathy and in 30% of subjects 
with polyneuropathy[42]. Moreover, an MNW was found 
in 28% of newly diagnosed DM patients, compared to 
62.5% of patients with an average disease duration of 
14.5 years[18,19]. Similar results were reported in another 
study carried out on 146 DM patients, where CTS 
was diagnosed in 39% of the sample, 28% of males 
and 46% of females[53]. The risk of hand syndromes, 
including CTS, stenosing flexor tenosynovitis and 
Dupuytren disease, was evaluated in a population-based 
cohort study (606152 diabetic patients and 609970 
matched for age and gender)[54], where the hazard 
ratio for CTS was: 1.31 (95%CI: 1.28-1.34) in DM 
patients. In the longitudinal Fremantle Diabetes Study, 
aimed at determining the incidence and predictors of 
carpal tunnel decompression in 1284 DM patients, the 
incidence of CTS was 5.5 cases per 1000 patient-year, 
at least 4.2-fold that of the general population[52]. In a 
previous review, aimed at evidencing any increase in 
the prevalence of specific conditions in CTS patients, a 
two-fold increased risk (OR = 2.2; 95%CI: 1.5-3.1) for 
DM was detected[55]. Therefore, DM is an independent 
risk factor for CTS[55]. A surprisingly high lifetime risk of 
CTS has been reported in type 1 DM patients, where it 
may rise to 85% after 54 disease years[56].

A case-control Italian study[57] reported that, not 
only overt DM, but also abnormal glucose metabolism 
was present in a high percentage of the subjects with 
idiopathic CTS. This finding led the authors to propose 
insulin resistance screening for all patients with CTS, as 
they found insulin resistance in 80% of patients: 45% 
had impaired glucose tolerance, 14% newly diagnosed 
DM and 20% insulin resistance only[57].

The dominant hand is the most commonly affected 
in CTS, with a prevalence for females, where the tunnel 
tends to be smaller, and in obese DM patients[53,58].

Such a strong association between MNW/CTS and 
DM is underpinned by the fact that DM nerves are very 
prone to compression due to metabolic and vascular 
factors occurring in a DM already in the preclinical stage. 
Indeed, increased pressure in the carpal tunnel, which 
rises up to 8-10-fold in the flexion/extension movements 
of the wrist, and nerve traction may reduce the intra
neural microcirculation, damage the myelin sheath 
and the axonal function, as well as the connectival 
structures, in a vicious circle where the nerve swelling, 
due to oedema and hypoxia, are a pivotal aggravating 
factor in the pathophysiology of CTS[59] (Figure 2).

Median nerve entrapment in the carpal tunnel 
with neural mobilization during anatomical stress may 
lead to conduction failure also in the non-diabetic 
population. This has recently been demonstrated by a 
study where recruitment properties of the median nerve 
were studied by the stimulus-response curve before 
and after intermittent-repetitive neural mobilization, 

in subjects with and without CTS[60]. Only subjects 
with CTS exhibited a strikingly abnormal stimulus-
response curve. This finding suggests that compressive 
forces may alter energy-dependent processes during 
anatomical stress in elongation, leading to conduction 
block in axons[60]. Taken as a whole, these findings do 
seem to imply that once an entrapment has occurred 
in MNW/CTS, anatomical stress may enhance the pre-
existing metabolic and ischemic nerve damage within 
a sort of vicious circle, leading to axonal degeneration 
and to a worsening of the entrapment, unless surgery is 
performed.

When the severity of an electrophysiologically 
confirmed CTS was compared between patients with 
DM (and no concomitant metabolic syndrome) and 
patients with metabolic syndrome, it was observed to 
be more severe in those with a metabolic syndrome[61]. 
This finding suggests the presence of other disease 
modifying factors related to the metabolic syndrome.

Nerve conduction studies are the mainstay in the 
diagnostic approach to the MNW and CTS. Although 
quantitative sensory testing for the different modalities 
(temperature, pain, vibration perception threshold, per
ception testing) may be more sensitive than standard 
clinical tests[62], it has considerable subjective com
ponents making it unreliable for diagnosis[15,63].

Electrophysiological studies, that measure median 
nerve sensory and motor conduction parameters, not 

Increased carpal tunnel pressure

Median nerve compression

Impaired axonal
function

Reduced endoneurial
microcirculation

Altered myelin
sheath

Edema
nerve swelling

Hypoxia

Up-regulation of
angiogenetic factors

Axonal degeneration Demyelination

Figure 2   Carpal tunnel pathophysiology (modified from Aboonq[59], 2015).
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only allow for a diagnosis of MNW, but also the staging 
of its severity, as they may detect focal abnormalities 
within the carpal tunnel itself. The techniques for an 
electrodiagnosis of CTS were described and assessed 
by Werner et al[64], in an American Association of Neuro
muscular and Electrodiagnostic Medicine monograph. 
The sensory response is particularly useful to diagnose 
CTS, as sensory fibres have a larger proportion of large 
myelinated fibres, with a higher energy requirement, that 
are more susceptible to ischemic and metabolic damage. 
Comparison of the median nerve sensory latency with 
ulnar or radial latency has been demonstrated to be 
more effective than the use of absolute median nerve 
latency in documenting the median nerve entrapment 
within the carpal tunnel[64].

An electrodiagnosis of CTS may be particularly chal
lenging in DM patients with a polyneuropathy, where the 
comparative tests between the ulnar and radial nerve 
may necessitate that the values be adjusted from those 
used in the general population to more conservative 
cut-off values[64]. Moreover, segmental and comparative 
median nerve conduction tests (the disto-proximal 
latency ratio) showed a high sensitivity of 90% in DM 
patients affected by polyneuropathy, which is similar 
to that of the median-ulnar sensory latency to digit 4 
comparison[65].

The measures needed to achieve a minimum stan
dard of care for the use of electrodiagnostic testing in 
the suspicion of a CTS have been defined according to 
the guidelines developed by the American Association of 
Neuromuscular and Electrodiagnostic Medicine[66]. 

MNW is the entrapment neuropathy most frequently 
studied with ultrasonography. Enlargement of the 
median nerve cross-sectional area at the distal wrist 
crease is an accurate parameter for the diagnosis of CTS, 
with a sensitivity and specificity of > 85% in several 
studies[47]. The median nerve has a lower mobility in 
patients affected by CTS than healthy controls and 
this decreased range of movement can be quantified 
in both lateral and distal-proximal planes, according to 
set grading scales[47]. A recent study[67] suggests that 
ultrasonography be used to make a differential diagnosis 
between EN and diabetic neuropathy in DM patients. 
There was a wider median nerve cross-sectional area 
in DM patients with polyneuropathy than in controls, in 
particular in the CTS subgroup, where there was a larger 
cross-sectional area at the wrist and wrist-to-forearm[67].

The treatment of CTS is mainly surgical, aimed 
at decompression of the median nerve by sectioning 
the carpal transverse ligament. Surgical nerve release 
can be done either by an open approach (OCTR) or 
endoscopically (ECTR). Although the two approaches 
differ only slightly as to pain relief and improvement of 
functional status, there may be a functionally significant 
benefit of ECTR over OCTR in improving grip strength[68]. 
Several non-surgical approaches, including oral steroids, 
splinting, ultrasound, yoga and carpal bone mobilization, 
have been suggested for patients with mild-moderate 
symptoms, with significant short-term benefit, although 

long-term efficacy remains to be ascertained[69]. In 
the DM population, where the metabolic derangement 
may impair nerve regeneration[43], the question arises 
whether the treatment, above all surgery, would main
tain the same long-term efficacy as it does in the general 
population. Such a question has been addressed by 
some studies. The outcome of CTS surgical release was 
evaluated at one month and one year in DM patients 
and was observed to be inferior and slower than in non-
diabetic controls[70]. Such a difference was attributed 
to metabolic factors and impaired nerve regeneration, 
which are likely to be responsible for the slower recovery 
in DM patients[70]. A worse surgical outcome was 
reported at 10 post-surgical years for DM patients with 
CTS, compared to idiopathic CTS patients[71]. However, 
another recent study was carried out on 35 patients 
and 31 normal controls with a 5-year follow-up. It 
reported that after surgical release of CTS, DM subjects 
had a long-term improvement in sensory, motor fun
ction and cold intolerance, comparable to that of non-
diabetic controls[72]. Interestingly, the improvement in 
cold intolerance would be consistent with a potential 
for long-term regeneration of small fibers[72]. Thomsen 
et al[73] also assessed the neurophysiologic recovery 
after carpal tunnel release in the same sample of DM 
patients, who had significantly impaired nerve con
duction parameters, both before and after surgical carpal 
tunnel release, compared to non-diabetic patients. 
Nevertheless, neurophysiologic recovery after carpal 
tunnel surgery did not differ between the two patient 
groups or between diabetic patients, with or without 
peripheral neuropathy. Thus, relevant neurophysiologic 
impairment of the median nerve, or signs of peripheral 
neuropathy, is not likely to preclude significant recovery 
after carpal tunnel release in DM patients[73]. Even the 
quality of life, evaluated with generic and disease-
specific questionnaires (SF-36 and Boston Carpal Tunnel 
Questionnaire, respectively), that was more impaired 
in DM CTS patients than in non-diabetic CTS subjects 
and the general population, had the same post-surgical 
scores for both DM and non-diabetic patients[74]. 
Therefore, the authors stated that DM patients should 
be given the same surgical option for CTS treatment as 
non-diabetic patients[73,74].

UNE AND ULNAR ENTRAPMENT 
NEUROPATHY AT THE WRIST (UNW)
The second most frequent entrapment neuropathy 
involves the UNE, in the retroepicondylar groove or 
under the humeroulnar aponeurotic arcade, i.e., the 
cubital tunnel. A study by Mondelli et al[75] investigated 
the UNE incidence in the general population, where 
there was a crude incidence of 24.7 per 100000 person-
years and a standardized incidence of 20.9 per 100000 
person-years. A prospective study[76] was carried out 
on a group of subjects with suspected UNE given 
electrodiagnostic and ultrasonographic examination. 
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It reported that the entrapment was localized in the 
retroepicondylar groove in 76% of the cases, where 
it was mainly demyelinating and at the humeroulnar 
aponeurotic arcade in 17%, where it was mostly axonal. 
UNE may occur without symptoms or be accompanied 
by painful paraesthesias in the fourth and/or fifth digit 
or by hypothenar or interosseus muscle weakness and 
wasting.

Clinical and neurophysiologic findings of a severe 
ulnar neuropathy were previously reported in a group 
of patients affected by DM with severe systemic com
plications[77]. Another four patients with type I DM and 
clinical findings suggestive of severe ulnar neuropathy 
have been described, where nerve conduction studies 
detected a partial conduction block or abnormal temporal 
dispersion within the forearm segment of the ulnar 
nerve, along with a mild underlying polyneuropathy[78]. 
The authors raised the question whether the UNE was 
due to an increased propensity to focal compression 
of the ulnar nerve within the humeroulnar arcade, or 
whether it represented a localized manifestation of 
the generalized polyneuropathy[78]. According to the 
advances made in DN pathophysiology, this seems to 
be only an apparent contradiction, in as much as, in 
reality, the metabolic derangement of diabetic nerves 
may underpin their remarkable liability to compression.

A more recent study[19] assessed the prevalence 
and electrophysiological features of ulnar entrapment 
neuropathy, according to the American Association 
of Electrodiagnostic Medicine protocol[79]. A cohort 
of 64 consecutive DM patients were studied and 
UNE was electrodiagnosed in 34% (18% were not 
polyneuropathic); UNW was detected in 11% of this 
sample[19]. On the basis of such a high proportion of 
patients (45%) with neurophysiological alterations 
consistent with ulnar EN at both sites (elbow and wrist), 
the authors concluded that the ulnar nerve, similarly 
to the median nerve, is very susceptible to focal 
entrapment in DM. Moreover, they suggested that upper 
limb sensory and motor NCS, including motor conduction 
velocity across the elbow, be routinely evaluated in the 
staging of DM patients[19].

Furthermore, the frequent neurophysiological ab
normalities detected on the ulnar nerve by this electro
diagnostic study[19] were mostly asymptomatic and only 
a small proportion of patients with a diagnosis of UNE 
showed the clinical signs of EN. This finding that UNE 
was mainly subclinical is in agreement with previous 
evidence related to MNW, which was asymptomatic in 
one third of DM patients[18,20,44,45]. It is also in line with the 
hypothesis that there is an alteration of the threshold of 
the sensory nerve fibres in DM and this may well explain 
the lower propensity for DN patients to develop a clinical 
symptomatology[18,20,44,45].

Furthermore, in the same study[19], UNW was con
comitant with MNW in all but one case. Indeed, the 
question arises as to the association between UNW 
and MNW, where the discrepancy in literature is most 
likely to be due to the different methods adopted[80]. 

Indeed, in DM patients, where the frequency of MNW 
is high, concomitant involvement of Guyon’s canal 
(UNW) has been shown to reduce the sensitivity of the 
median-ulnar comparative studies[81]. Therefore, the 
neurophysiological diagnosis of concomitant CTS and 
UNW may present a challenge, above all in DN patients. 
A retrospective case-control study[82], carried out on 
an electrodiagnostic database, included 1924 patients 
evaluated for CTS and 1024 DM patients investigated 
for CTS and/or polyneuropathy. A logistic regression 
analysis showed that the presence of CTS was asso
ciated with a two-fold risk of UNW in both idiopathic 
CTS and DM CTS groups. These finding suggest that 
the presence of concomitant UNW and CTS should be 
carefully pursued in nerve conduction studies, above all 
in DM patients.

A study by Mondelli et al[75] compared the prevalence 
of DM in two consecutive samples of patients with UNE 
and CTS and reported that it was remarkably similar, 
i.e., 6.0% and 6.6% respectively. Indeed, patients with 
UNE and DM were clinically and neurophysiologically 
indistinguishable from other UNE patients (both idiopathic 
and post-traumatic). The only difference was a smaller 
amplitude of the sensory response in the DM patients, 
which may well be attributable to the underlying axonal 
polyneuropathy[75]. These findings strengthen the 
similarities between median and ulnar EN in DM, which 
obviously act in the same way on peripheral nerves 
at both the upper and lower limbs, predisposing them 
to compression in anatomically narrow sites, were the 
nerves are exposed to increased pressure and repetitive 
strain.

EN AT THE LOWER LIMBS
It seems that entrapments of the ulnar and median 
nerve are not only a typical electrophysiological feature 
of polyneuropathy in DM, but also the early subclinical 
sign of peripheral nerve damage, even when a gen
eralized diabetic neuropathy is not yet evident. Whilst 
EN at the lower limbs seem to be less frequent feature 
of DM. Indeed, the evidence of an increased frequency 
of common peroneal nerve entrapment in DM at the 
level the fibular head and of the tarsal tunnel syndrome 
is less overwhelming, compared to upper limb focal 
neuropathies.

In the past it was reported that DM was the under
lying cause of peroneal neuropathy in only 5%-12% of 
patients[83]. However, a more recent study was carried 
out to determine whether peripheral neuropathy could 
explain the apparent association between DM and 
disability in ageing subjects. It reported that reduced 
peroneal motor response amplitude at multiple sites and 
weakness of foot dorsiflexion were found in two thirds of 
the sample of DN patients over 65[15,84]. 

A similar impairment of peroneal nerve conduction 
parameters was observed in subjects 65 years or older 
in a study[85], carried out to determine whether DM was 
associated with objective measures of physical and 
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peripheral function. It concluded that DM patients had 
a decreased conduction velocity and motor response 
amplitude at the lower limbs, along with a reduced 
walking speed, compared to the non-diabetic sub
jects[85]. However, if direct neurophysiological signs of 
entrapment, e.g., conduction block or reduced motor 
conduction velocity across the fibular head, are not 
carefully searched for and detected, peroneal axonal 
damage may be consequent to DN itself or to an 
L5 radiculopathy or a lumbar spinal stenosis. These 
conditions may even be superimposed on DN, making 
for a complex differential diagnosis. 

The diagnosis of tarsal tunnel syndrome is even 
more challenging, as it is characterized by entrapment 
of the tibialis nerve as it curves behind the medial 
malleolus underneath the flexor retinaculum. There 
may be a selective or prevailing entrapment of the 
medial or lateral plantar nerves, two of the terminal 
branches of tibial nerve, in a tarsal tunnel syndrome. 
Indeed, this is more difficult to demonstrate without the 
adoption of a complex electrodiagnostic protocol with 
segmental analysis of the motor conduction velocity in 
the distal tracts of the tibial nerve[86]. Such shortcomings 
in neurophysiological investigation protocols seem to be 
common to several studies on neuropathy at the lower 
limbs in DM, making them unreliable when investigating 
entrapment. Therefore, these methodological limits 
could be considered a plausible explanation for the less 
detailed evidence on entrapment in the lower limbs, 
than what is available for the upper extremities in the 
general population and even more so in DM patients. 
Indeed, similarities between CTS and tarsal tunnel 
syndrome might be expected as they have a common 
pathophysiological background that predisposes the 
nerves to external compression.

Surgical nerve release seems to find a rationale 
in the “revisited” Upton and McComas’s “double 
crush” hypothesis (Figure 1)[15,34], where DN (with 
nerve swelling) represents the “first crush” and nerve 
compression at the tarsal tunnel or peroneal head the 
“second crush”[87], despite the often limited electro
diagnostic evidence for entrapment superimposed 
to the length-dependent DN. This hypothesis has 
received recent support by nerve ultrasonography that 
demonstrated an increased cross-sectional area in 
nerves affected by neuropathy[47]. Moreover, ultrasound 
imaging was used to quantify the magnitude and 
timing of tibial nerve excursion during ankle dorsiflexion 
in patients with DM and was compared to matched 
healthy controls[88]. The results showed that the nerve 
cross-sectional area was increased at the ankle in the 
DM group, where the tibial nerve longitudinal excursion 
at the ankle and knee was reduced proportionally to 
the severity of neuropathy. Moreover, on the basis 
that a larger tibial nerve size within the tarsal tunnel in 
patients with DM may restrict longitudinal excursion, 
it has been hypothesized that such altered tibial nerve 
biomechanics may be related to painful symptoms 
during functional activities[88].

Surgical decompression of nerves at the lower limbs
Several studies have been based on the “double crush” 
hypothesis (Figure 1), from the pioneering work by 
Dellon[89] to more recent studies[90,91], which evaluated 
the efficacy of surgical decompression in DN patients. 
Considering Valdivia Valdivia et al[90]’s retrospective 
review, the results of neurolysis on multiple sites of 
chronic nerve compression in the lower extremity 
were analyzed in 158 consecutive patients, 96 with 
DM and 62 with idiopathic neuropathy. A significant 
post-operative improvement was reported in sensation 
and balance at a minimum follow-up of 1 year; even 
pain improved, as demonstrated by a decrease in the 
Visual Analogic Scale score. There was no statically 
significant difference in outcomes between patients 
with DM vs idiopathic neuropathy in response to nerve 
decompression[90]. Another study by Liao et al[91] 

investigated into the effect surgical decompression 
had on painful DN as to the pain distribution, where 
a total of 306 patients, with painful diabetic lower-
extremity neuropathy were treated with Dellon surgical 
nerve decompression. Patients had pre- and post-
surgical (were appropriate) clinical evaluation and high-
resolution ultrasonography (cross-sectional area), as 
well as nerve conduction studies (tibial and common 
peroneal nerve conduction velocity). Surgical patients 
were retrospectively assigned into two subgroups, i.e., 
focal and diffuse pain, according to the distribution 
of the diabetic neuropathic pain. The control group 
included 92 non-surgical patients with painful DN. 
After surgical decompression, the surgical group had a 
higher reduction in pain (measured as Visual Analogic 
Scale score) and an improvement in nerve conduction 
and cross-sectional area than did the control group. As 
was expected, based on the rationale on the surgical 
decompression approach, a greater improvement in 
Visual Analogic Scale and cross-sectional area was 
observed in the focal pain group than in the diffuse 
pain group. The authors concluded that decompression 
of multiple lower-extremity peripheral nerves was 
effective in patients with painful DN to a greater extent 
in patients with focal symptoms[91].

However, unfortunately, these two studies show 
relevant methodological shortcomings. Firstly, there 
was no demonstration of a precise site of entrapment 
by direct electrodiagnostic signs along nerves, which 
showed only axonal damage subsequent to DN. 
Furthermore, serial measurements of nerve motor 
conduction velocities may show a variability[92] which 
was not taken into account in the post-surgical 
evaluation of the improved conduction velocity along 
tibial and common peroneal nerves. In addition, most 
of the outcome measures evaluated by these studies 
are subjective, making the definition of focal pain in the 
study of Liao et al[91], 2014 questionable. Therefore, we 
are of the opinion that further neurophysiological stu
dies should be carried out in an effort to better charac
terize EN superimposed on DN at the lower limbs. 
Moreover, further prospective studies, based on detailed 
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electrodiagnostic and ultrasonographic protocols 
aimed at localizing the sites of nerve compression are 
welcome to better assess the efficacy of surgical nerve 
decompression in patients suffering from painful DN.

CONCLUSION
EN are so common in DM, at any stage, that they may 
considered a neurophysiological hallmark of peripheral 
nerve involvement in DM. Indeed, EN, particularly 
in the upper limbs, may represent the earliest neuro
physiological abnormalities, which are often asymp
tomatic, even in the absence of a generalized poly
neuropathy or, usually later in the natural history of DM, 
they may be superimposed on a generalized DN. 

The remarkable frequency of EN in DM is underpinned 
by a peculiar pathophysiological background. The 
peripheral nerves, due to the metabolic alterations 
consequent to altered glucose metabolism, even in 
the preclinical stage, show both functional impairment 
and structural changes, mainly swelling, which makes 
them more prone to entrapment in anatomically 
constrained channels. The diagnosis of EN relies mainly 
on nerve conduction studies and may sometimes be 
challenging, mostly in DM patients with a generalized 
polyneuropathy. Despite this, we believe that an EN 
diagnosis is a must, not only for the staging of DM, but 
also due to the fact that the treatment of choice for 
numerous EN cases may have to be surgical.
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