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Abstract

Background Diabetic peripheral neuropathy (DPN) is one of
the most common complications of diabetes mellitus (DM).
The aim of this study was to analyze DM duration in the
prognosis of diabetic peripheral neuropathy of the lower
extremity.

Methods A total of 1,526 DPN patients who were treated with
DELLON surgical nerve decompression were divided into a
short DM duration group and long DM duration group using a
length of 5 years as the standard duration. Before and 1.5 years
after surgery, high-resolution ultrasound, quantitative sensory
testing (QST), and nerve conduction velocity (NCV) were
performed and compared to the normal control.

Results Postoperative NCV of all the patients in either
treatment group significantly increased (p<0.05) and post-
operative CSA significantly decreased (p<0.05) compared
with that before surgery. The CPT significantly increased
compared with the preoperative value (p<0.05). The post-
operative WPT was significantly lower than the preopera-
tive value (p<0.01), and the postoperative VPT was sig-
nificantly lower than the preoperative value (p<0.05).
Overall, the postoperative NCV, CSA, CPT, WPT, and
VPT values from the short DM duration group were sig-
nificantly different from that of the long DM duration
group (p<0.05).

Conclusions The duration of DM is critical to the prognosis of
DPN of the lower extremity, and the data from this study
suggest that an early diagnosis and subsequent surgery for
DPN have important clinical value.
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Introduction

Diabetic peripheral neuropathy (DPN) is a common diabetic
complication, with an incidence rate of 5060 % [13, 15]. DPN
is one of the main causes of chronic lower limb and foot ulcers,
dry gangrene, moist gangrene, and amputation [17]. Diabetic
patients are predisposed to peripheral nerve entrapment, which
accelerates nerve damage and clinical progression [16]. In
1992, Dellon [4] reported the first successful use of peripheral
nerve decompression surgery to change the natural course of
DPN, which effectively prevents ulcers and amputation [1].
These results indicated that surgical intervention should be
applied at the onset of entrapment to prevent progression of
diabetic neuropathy [16]. In this clinical study, we analyzed the
severity and effect of microsurgical peripheral nerve decom-
pression for DPN patients with either a short or long duration of
diabetes mellitus (DM), using electrophysiological tests, quan-
titative sensory testing, and high-resolution ultrasonography.

Methods

Study design

This study was approved by the Xinhua Hospital Ethics
Review Board.

Patients

A total of 1,526 DPN patients (874 males and 652 females;
mean age 57+10.73 years) treated in our department in the last

@ Springer



Acta Neurochir

5 years were screened. All patients had a type I1 DM history
according to 1999 WHO diagnostic criteria. The average
duration of DM was 6.3+2.8 years (715 cases <5 years; 811
cases >5 years), and the average DPN time was 2.5+1.1 years.
The fasting plasma glucose range was 5.4—15.2 mmol/l
(mean, 10.28+3.46 mmol/l). Symmetrical numbness and/or
tingling under both knees that was more serious at night
happened in all the patients. The control group included 50
diabetic patients in the same age range (48—76 years) without
DPN.

The inclusion criteria were: (1) Neurological symptoms
caused by DM: patients were not included if they had a history
of cervical or lumbar spondylosis. Patients with other neurop-
athies resulting from defined risk factors such as alcohol,
nutrition, or uremia were also excluded. (2) No obvious limb
ischemia: the main artery pulse of the affected limb must be
reached, thereby precluding ischemia-induced neurological
symptoms. (3) Typical symptoms of diabetes peripheral neu-
ropathy with nerve entrapment: asymmetric limb pain, numb-
ness, diminished feeling, retarded ankle reflex, abnormal tem-
perature, and vibration sensation. All cases scored 19 points in
Toronto Clinical Scoring System (TCSS). (4) Positive Tinel
signs: only patients with a positive Tinel sign over the tibial
nerve in the tarsal tunnel were included; i.e., not every patient
with diabetic neuropathy had surgery. (5) Decreased two-point
discrimination: the great toe two-point discrimination was
greater than 9 mm [2].

Nerve decompression surgery

All nerve decompression surgeries were performed with a
microscope under continuous epidural anesthesia. A 3-cm-
long incision was made below the fibular head and the skin,
and the superficial and deep fascia were cut. After fascia above
the common peroneal nerve and the peroneus longus muscle
tendon were excised, the common peroneal nerve trunk was
exposed and decompressed. Following this, the abductor
hallucis brevis was cut and spread to exposure and divided
the roof of the medial and of the lateral plantar tunnels. The
medial calcaneal tunnel was then identified and decompressed.

A 6-cm-long curved incision was made along the medial
malleolus and the skin and superficial and deep fascia were
cut. After the flexor retinaculum was excised, the posterior
tibial artery and veins and the tibial nerve were identified and
decompressed. Epineurium decompression was performed if
there was evidence of epineurial thickening.

A 2-cm-long incision was made transversely between the
first and second metatarsal heads and the skin, and superficial
and deep fascia were cut to expose the tendon of the extensor
hallucis brevis muscle. This tendon was then excised to de-
compress the deep peroneal nerve.

During the perioperative period, blood glucose was con-
trolled at 6.2—8.0 mmol/l. After the patients were discharged,
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they were required to monitor their fasting plasma glucose
every week and control their blood glucose levels to
<8.0 mmol/l.

In all cases before surgery, and 18 months after surgery,
three sets of examinations were conducted as described below.

Nerve conduction velocity

A Denmark Medtronic EMG (DK 1 2740) was used to detect
nerve conduction velocity (NCV). The testing was performed
with parameters including skin temperature of 30 °C, a room
temperature of 25 °C, and a quiet indoor environment. Stim-
ulations and recordings were taken using surface electrodes.
Bilateral motor NCVs of tibial nerve and sensory nerve con-
duction velocities (SNCV) of the common peroneal nerve and
superficial peroneal nerve were recorded. NCV of 40Icaseslin
the control group were also recorded in the same manner. If
NCV was less than the control mean minus 3 standard devi-
ations, it was considered to be abnormal [9].

Quantitative sensory testing

Quantitative sensory testing (QST) was completed by the
same technician who was blind to the NCV and TCSS results.
The testing was performed using an Israel Medoc computer-
aided sensory analyzer (TSA-II) in a quiet indoor environment
with a room temperature of 25 °C and a skin temperature of
30 °C. Cold perception thresholds (CPT), warm perception
thresholds (WPT), and vibratory perception thresholds (VPT)
were determined using the “limit-test” method. Temperature
sensation was measured on the lateral dorsal foot; with the
basic temperature of 32 °C, a temperature range of 0-50 °C,
and a temperature change rate of 1 °C/s. Temperature sensa-
tion was measured two times at each point, with a time interval
of 5 s. VPT was measured on the toe palm, with a vibration
frequency of 100 Hz, a basis intensity of 0 um/s and maximum
intensity of 25 pm/s, and a change rate of stimulus intensity of
0.2 mic/s. Vibratory sensation was measured four times at each
point, with a time interval of 4 s. The average of repeated
values was compared to that of the control group to quantify
the degree of neuropathy [8].

High-resolution ultrasonography

All high-resolution ultrasound studies were performed using a
Sequoia 512 ultrasound device (Siemens) with an 8 to 14-
MHz transducer. A multislice longitudinal and transverse scan
was made through the common peroneal nerve and the pos-
terior tibial nerve to observe the continuity and echogenicity of
the nerves. The anteroposterior diameter (D1) and transverse
diameter (D2) of the nerves were measured at the cross section
of 1.5 cm below the fibular head and medial malleolus. The
CSA was calculated by the formula of S=7(D1xD2/4).
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Table 1 NCV before and after

operation of DPN patients (¥ + s ) Nerves Control (m s) Preoperative NCV (m s) Postoperative NCV (m s)
Short Long Short Long
duration duration duration duration

Tibial nerve 44.6+3.7 35.7£3.6 20.5+4.3 40.8+3.1 31.2+£3.2
Common peroneal nerve 45.8+4.2 39.3+2.8 28.1+3.3 43.1+£1.7 36.4+2.1
Superficial peroneal nerve 48.1+3.5 37.243.6 26.5+4.2 42.5+£3.6 35.843.7
Sural nerve 50.3+4.7 38.6£5.6 27.4+6.2 42.6+2.8 34.9+3.1

Statistical analysis

Data were expressed as the mean + standard deviation. Stu-
dent’s ¢ tests or Chi-square tests were used where appropriate.
A value of p<0.05 was accepted as statistically significant.

Results
Patient disposition and baseline characteristics

In this study, no patients received amputation during the
follow-up.

Nerve conduction velocity

The NCVs of all the DPN patients were significantly slower
than that of controls (p<0.01). Eighteen months after nerve
decompression surgery, NCVs of all the patients increased
significantly compared to that before surgery (p<0.05), al-
though this was still slower than the control. The NCVs of
patients with a long duration of diabetes were still slower than
that of patients with short duration (p<0.05; Table 1).

Quantitative sensory testing

The QST scores indicated that the lower extremity feeling
functions of DPN patients to cold, warm, and vibratory stimuli
were abnormal (p<0.01). Eighteen months after surgery, QST
scores improved significantly (p<0.05). Cold and warm sensory
function was almost restored to normal levels. The QST scores
of patients with a long duration of diabetes were still worse than
that of patients with short duration (»p<0.05; Table 2).

High-resolution ultrasonography

In the control group, the common peroneal nerve and the tibial
nerve were shown as multiple hypoechoic parallel but discon-
tinuous linear areas separated by hyperechoic bands on longi-
tudinal sections and multiple round hypoechoic areas on a
homogeneous hyperechoic background on transverse sec-
tions. In the DPN group, fusiform swelling of the nerves,
increase of CSA (p<0.05), intraneural hypoechoic, and dis-
appearance of intraneural parallel and linear structure were
shown in ultrasonography. Eighteen months after surgery, the
CSA of all the patients improved significantly (p<0.05), and
the CSA of patients with a long duration of diabetes were still
larger than that of patients with a short duration (p<0.05;
Table 3).

Positive rate of nerve conduction velocity and quantitative
sensory testing

Before decompression surgery, the positive rate of NCV in
DPN patients with a long duration of diabetes was 90.3 % and
that of QST was 95.3 % (p>0.05). The positive rate of NCV in
DPN patients with a short duration of diabetes was 71.5 % and
that of QST was 93.7 % (p<0.05).

Discussion

DPN is one of the most common diabetic complications, with
an incidence rate of 60 % [6], which is one of the main causes
of chronic lower limb and foot ulcers, dry gangrene, moist
gangrene, and amputation [17]. In 1992, Dellon [4] reported
the first use of peripheral nerve decompression surgery in the

Table 2 QST before and after

operation of DPN patients (¥ + s ) QST Control Preoperative QST Postoperative QST
Short duration Long duration Short duration Long duration
CPT (°C) 28.6+2.4 223+0.5 18.7+0.8 27.5+12 23.2+1.3
WPT (°C) 40.5£1.6 454+1.8 50.7+2.1 40.6x1.8 44.8+2.1
VPT (pm) 2.8+1.3 5.1+2.4 10.2+3.7 32415 6.8+2.2
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Table 3 CSA before and after
operation of DPN patients (¥ & s ) Control

Preoperative CSA Postoperative CSA

Short duration  Long duration ~ Short duration ~ Long duration

Tibial nerve CSA (mm?)  15.6+3.4

Common peroneal nerve  13.5+2.6
CSA (mm?)

20.5+3.8 27.4+4.1 15.8+2.9 19.7+£3.2
17.3£3.6 25.8+4.0 13.6+£2.7 17.4+2.9

treatment of DPN patients, which was ultimately successful in
changing the natural course of DPN, effectively preventing
ulcers and amputation [1, 5]. Recently, Dellon’s concept ap-
plied in clinical practice gained general acceptance by both
European and American researchers alike. Peripheral nerve
decompression can provide pain relief, numbness and weak-
ness, reduce the incidence of ulcers and amputation, and
promote sensory function reconstruction, turning diabetic pe-
ripheral neuropathy treatment from passive to active [1, 12, 7].

Past research has focused on the diagnosis and treatment of
DPN, including methods such as diagnostics and evaluation of
clinical effect. Nevertheless, little clinical research has been
formed investigating the duration of DM. In the present study,
1,526 diabetic peripheral neuropathy patients were divided
into two groups according to their duration of DM (5-year
cut-off point). Not only were the clinic symptoms and signs
indicated by the TCSS, but also NCV, QST, and high-
resolution ultrasonography were applied to assess the severity
of DPN.

Eighteen months after decompression surgery by the same
neurosurgeon, CSA, NCV, and QST of the patients improved
and significant differences were found. However, CSA, NCV,
and QST of patients with a long duration of diabetes were still
worse than those of patients with a short duration. These
results showed that DPN patients with a long duration of
diabetes had less improvement even after decompression.
The natural history of DPN is progressive and irreversible
[1], and when DPN occurs in patients with a long duration
of diabetes, the severity of nerve injury is more serious, which
is more difficult to reconstruct sensory and motor function.
These results point to the importance of an early diagnosis and
surgery of DPN.

In our study, the positive rate of QST was significantly
higher than that of NCV in patients with a short duration of
diabetes, indicating that QST can be applied to the early
diagnosis of DPN. Nerve conduction velocity is an objective,
quantitative, non-invasive, and reliable test, and regarded as
the “gold standard” for evaluating peripheral neuropathy.
However, NCV reflects only the conduction of thick myelin-
ated nerve fibers, and is not sensitive to small nerve fiber
lesion [3]. On the contrary, the QST is sensitive to small nerve
fibers (A-0 type, C type nerve fibers) [10]. Cold sensation is
conducted through small myelinated nerve fibers (A-0 class),
and warm sensation is conducted through non-myelin-C-type
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nerve fiber conduction [14, 11, 9]. The combination of NCV
and QST is necessary to screen for DPN in the high-risk
population, which is valuable to early diagnosis and surgery.

Conclusions

Our findings indicate that the duration of DM is critical to the
severity and prognosis of DPN of the lower extremity. The
combination of NCV and QST is valuable for effective early
diagnosis and surgery of DPN, which has important clinical
value for the progression of DM.
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