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Purpose: To determine susceptibility to decompression surgery in diabetic and nondiabetic
peripheral neuropathy using a chronic compression neuropathy model.

Materials and methods: Twenty-four streptozotocin-induced diabetic rats were randomly
divided into three groups: group I, chronic compression of the left sciatic nerve for 4 weeks
with decompression; group IL, similar without decompression; and group III, sham exposing the
sciatic nerve only. The other 24 nondiabetic rats were assigned to groups IV-VI, which received
compression—decompression, compression, and the sham operation, respectively. Mixed-nerve-
elicited somatosensory evoked potentials (M-SSEPs) and compound muscle action potentials
(CMAPs) were measured to verify the compression neuropathy in the posttreatment follow-up.
Behavioral observations in thermal hyperalgesia tests were quantified before electrophysiologic
examinations. Treated and contralateral nerves were harvested for histomorphologic analysis.
Results: Chronic compression of sciatic nerve induced significant reduction of amplitude
and increment of latency of M-SSEP and CMAP in both diabetic and nondiabetic rats. Dia-
betic group changes were more susceptible. Decompression surgery significantly improved
both sensory and motor conduction, thermal hyperalgesia, and the mean myelin diameter of
the rat sciatic nerve in both diabetic and nondiabetic groups. Near full recovery of motor
and sensory function occurred in the nondiabetic rats, but not in the diabetic rats 8 weeks
postdecompression.

Conclusion: Behavioral, electrophysiologic, and histomorphologic findings indicate that
decompression surgery is effective in both diabetic and nondiabetic peripheral neuropathy.
Keywords: compression, decompression, streptozotocin, sciatic nerve, diabetes, rat

Introduction
Diabetic neuropathy is one of the musculoskeletal complications of diabetes mellitus.
It has been established that the incidence of neuropathy is ~50%—-70% in diabetic
patients.! Diabetic neuropathy-impaired sensory, motor, and autonomic functions
result in substantial morbidity, and mortality, such as recurrent foot infections, ulcers,
amputation and Charcot’s joint.* The treatment is often resource-intensive and long-
term and impairs the quality of life and psychosocial function of patients.>¢

Median mononeuropathy is the most common peripheral mononeuropathy in
diabetic patients. It is estimated that 20%-30% of diabetic patients develop either
symptomatic or asymptomatic carpal tunnel syndrome.” Median mononeuropathy
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in diabetes seems to be a neuropathic, entrapment disease.?
Surgical decompression of the transverse carpal ligament
with or without neurolysis is one of the choices in manage-
ment of carpal tunnel syndrome. The decompression surgery
for carpal tunnel syndrome may be required at a 4—14 times
greater frequency in diabetic patients than in the general
population.’ The results of carpal tunnel decompression in
diabetic patients are controversial. Some studies have shown
the results of surgery to be similar in both diabetic and normal
patients.'*'? Others have shown a less favorable response in
diabetic patients.'>!*

In streptozotocin (STZ)-induced diabetic rats, hypergly-
cemia-induced endoneurial edema increases endoneurial
pressure with the cessation of circulation at the epineurial
level and makes the peripheral nerve more susceptible to
compression at anatomical areas where narrowing normally
occurs.''7 Decreased capillary blood flow, nerve conduc-
tion velocity, and pain threshold have been demonstrated in
STZ-induced diabetic rats.'® Clinical diabetic neuropathy
is based on internal diabetic nerve lesions and external
compression of peripheral nerve structures. Many animal
studies have demonstrated that early decompression at the
onset of diabetes can minimize the development of diabetic
neuropathy.'*2! The researches in these animal studies did
neurolysis before the onset of diabetic neuropathy, which is
different from a clinical situation, where patients undergo
surgeries when they are symptomatic.!* However, the effect
of decompression surgery in the long-term compression of
STZ-induced diabetic rats has rarely been studied.

The purpose of this study is to determine the susceptibility
of decompression surgery in diabetic and nondiabetic periph-
eral neuropathy. The chronic compression neuropathy model
was applied to the sciatic nerve of STZ-induced diabetic
rats. Behavioral, electrophysiologic, and histomorphologic
responses were evaluated.

Materials and methods
Animals, STZ induction, and grouping

The experiment was carried out under the control of the Insti-
tutional Animal Care and Use Committee, National Cheng
Kung University, Taiwan in accordance with the guidelines
on animal experiments at National Cheng Kung University
Hospital. We used 8-week-old male Wistar rats with an ini-
tial body weight of 250-330 g in this study. Diabetes was
induced with a single 60 mg/kg intravenous injection of STZ
dissolved in normal saline adjusted in a citric acid buffer to
pH 4.0 (Sigma, St. Louis, MO, USA) via the femoral vein.
The nondiabetic group rats received an equal volume of the

vehicle only. One week after the STZ administration, rats with
plasma glucose concentrations of 16 mmol/L were selected
as the diabetic group. Both nondiabetic and diabetic rats had
free access to rat chow and water. After 8 weeks, all of the rats
were randomly divided into experimental groups and treated
with silicon tubing compression with or without decompres-
sion procedures. Twenty-four STZ-induced diabetic rats
were randomly assigned to one of three groups, with eight
rats in each group. In the case of groups I and II, chronic
compression with silicone wrapping with three ligation
sutures was employed. After 4 weeks of compression, group I
underwent decompression by releasing the ligation and group
II had a similar exposing operation without release. Group
IIT served as the control after the sham operation exposing
the sciatic nerve only. The nondiabetic rats without STZ
induction were assigned to groups IV=VI, which received
compression—decompression, compression, and the sham
operation, respectively. The rats were housed two per cage
under controlled light and temperature conditions and were
fed standard rat chow and water. After surgery, each rat was
housed individually and checked daily for signs of infection
or dehydration.

Animal preparation and nerve
compression and decompression surgical

procedures

Compression procedure using silastic tubing with
ligation

All surgical procedures were done using 50 mg/kg of intra-
peritoneal (IP) sodium pentobarbital anesthesia (Nembutal;
Abbott, North Chicago, IL, USA). The depth of the anesthesia
was determined by assessing the withdrawal reflex upon tail
pinch, and subsequent doses of pentobarbital were admin-
istered as necessary to maintain adequate anesthetic depth.
The rats were intramuscularly premedicated with gentamycin
(8 mg/kg; Yung Shin Pharmaceutical Industrial Co., Ltd.,
Taichung, Taiwan). Core temperature was monitored with
rectal probes connected to a multichannel thermometer
(Portable Hybrid Recorder, model 3087; Yokogawa Hokushin
Electric, Tokyo, Japan) and maintained within 37°C-38°C
using a homoeothermic animal blanket (Jerboa Scientific,
New Taipei City, Taiwan) until recovery. The rat was then
placed in a prone position with extended hips. The surgical
procedures were done under aseptic conditions after both
gluteal regions were shaved and swabbed with Betadine
(Sinphar Pharmaceutical Co., Ltd., I-Lan, Taiwan) solution.
An incision was made from the left sciatic notch to the distal
thigh. The subcutaneous tissue was bluntly dissected under
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the skin to expose the biceps femoris muscle. A 20 mm seg-
ment of sciatic nerve was freed from its investing fascia with
the aid of a 2.5x surgical microscope (Axio Imager 2; Carl
Zeiss Microscopy GmbH, Oberkochen, Germany). For the
sham, an identical surgery was then performed on the right
side. The sciatic nerve was separated over a 20 mm length
from the surrounding tissues; a silastic tube was split longi-
tudinally and then slipped around the sciatic nerve, whose
extrinsic and intrinsic blood was not disturbed. Three §-0
nylon sutures were placed to close the silastic tube. The tube
diameter approximated the diameter of the nerve. The date
of the ligated silastic tubing procedure was regarded as day
0 for both diabetic and nondiabetic groups.

Decompression procedure by releasing ligatures on
silastic tubing

The groups I and IV rats underwent decompressive release
procedures 4 weeks after the ligated silastic tubing proce-
dure with the induction of chronic compressive sciatic nerve
neuropathy, which was confirmed with an electrophysiologic
and functional evaluation.

Recording of sensory and motor evoked

potentials

The electrophysiologic data were collected, stored, and ana-
lyzed on an electrodiagnostic device (Neuropack Z; Nihon
Kodan, Tokyo, Japan). Two electrophysiologic surveillance
systems were setup and recorded prior to, immediately after,
2 weeks and 1, 2, and 3 months postoperatively after the
behavioral examinations (walking track tests). The animals
were prepared as mentioned in the electrophysiologic surveil-
lance procedures. After the rat was anesthetized, the rat was
then placed in a prone position with its head fixed firmly in
a stereotactic frame. A 2 cm longitudinal incision was made
in the back, from the thoracolumbar (T-L) junction to the
upper lumbar spine. Then, two stimulating and recording
systems were setup.

Ascending evoked potentials elicited from bilateral
lower extremities

Spinal somatosensory evoked potentials (SSEPs) were
recorded using bipolar needle electrodes. The recording
cathode was placed in the T-L interspinous ligament; a cor-
responding reference electrode was placed in subcutaneous
tissue just proximal to the recording electrode, and a ground
electrode was placed in the pelvic girdle ipsilateral to the
side stimulated. Stimulation was delivered with subcutane-
ous needle electrodes placed from the medial ankle to the

tibial nerve just medial to both ankles. Square pulse impulses
0.2 ms in duration with an intensity five times greater than
the threshold of visible potential was used. The stimulation
rate was 5 impulses per second, with 20 repetitions. The
recording was filtered for data from 10 to 5000 Hz; record-
ing time was 20 ms.

Descending compound muscle action potential
(CMAP)

CMAP was recorded from monopolar myographic needle
electrodes placed in each belly of the bilateral gastrocnemius
muscles by stimulation of the spinal cord at T12-L3 using
needle electrodes in the interspinous ligament. The acquisi-
tion parameters were similar to those for the SSEP, but the
presentation rate of stimulation decreased to 1/s, and the
low and high linear range of the filter was between 1 and
2000 Hz. A ground electrode was placed subcutaneously
between the stimulus and the recording site. At least three
sequential single-sweep runs (i.e., without averaging) with
similar waveforms were recorded to check and verify the
consistency of the responses.

Behavioral examinations

The thermal pain test was run on the same schedule as the
electrophysiologic examination (pretreatment and posttreat-
ment at 2 weeks and 1, 2, and 3 months). Before testing with
a thermal pain response measurement device (UgoBasile,
Comerio, Italy) to which the rats were acclimated for 10 min,
individual measurements were repeated four or five times,
and the mean value in seconds was then calculated as the
thermal pain threshold.

Killing, perfusion fixation, and

histopathologic examination

After the final behavioral and electrophysiologic analysis
was performed 3 months after the operation, each rat was
anesthetized with an overdose of pentobarbital (100 mg/kg;
IP). All rats were perfused transcardially with normal saline
containing 0.002% NaNO, and 0.002% heparin, followed
by a fixative containing 4% paraformaldehyde in 0.01 M
phosphate-buffered saline (pH 7.4). The nerves were bluntly
dissected from the dorsal root ganglion to a point distal to
the peroneal/tibial nerve divisions.

The sciatic nerve was harvested 5 mm from the epicenter
proximally and distally and then immersed in 4% paraformal-
dehyde overnight. Tissue samples were fixed with 1% osmium
tetroxide for 2 h and then dehydrated with graded alcohol
and embedded in resin. One micrometer thick sections were
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collected, and the myelin was observed (magnification 200X)
under a microscope (Axio Imager 2; Carl Zeiss Microscopy
GmbH). Five random views of a sciatic nerve cross-section
were photographed. The mean diameter and number of myelin
sheaths were manually calculated by two researchers blinded
to each other’s results.

Statistical analysis

Statistical analyses of the body weight, electrophysiologic
examinations, and thermal hyperalgesia tests of each decom-
pression group were compared with both the normal controls
and the operated but nondecompression controls. These were
done using a repeated-measure two-way analysis of variance
(ANOVA) with a post hoc Kruskal-Wallis test. The myelin
sheath mean diameter and number were done using an one-
way ANOVA and then the Kruskal-Wallis test. Additionally,
each group was compared with each time period (baseline,
immediate, 2, 4 weeks, and 2 and 3 months after operation);
and each treatment group was compared with the others using
a one-way ANOVA. Significance was set at P<0.05.

Results

General postoperative conditions

The general conditions of all the rats were good. They showed
steady body-weight gains throughout the 3-month observa-
tion period . There were no significant differences among the
three experimental subgroups of diabetic and nondiabetic
rats. However, the body-weight gains were less in the diabetic
groups (Table 1).

Electrophysiologic findings

In this study, mixed-nerve-elicited SSEP (M-SSEP) and
CMAP monitoring were successful, the M-SSEPs at the T-L
junction interspinous ligament were consistent and stable;
they showed a major negative wave preceded by a small
positive wave. CMAPs were also consistently obtained from
gastrocnemius muscles with large amplitude and consistent
latency. There were neither significant differences between

the right and left lower limbs in amplitude and latency, nor
were there between the nondiabetic and diabetic groups in
basic preoperative recordings. As expected, except for non-
compression right side of rats in sham groups I1I and VI, the
compressive left side of rats in groups I, II, IV, V showed
amplitude loss and latency prolongation of the M-SSEP and
CMAP on the experimental side after the compressive opera-
tion (Figures 1 and 2). All compressive experimental groups
were statistically similar in this regard, which indicated that
equally consistent damage was induced by this injury model.
The amplitude and latency of the M-SSEP and CMAP for
all groups after the operation for different time points for
3 months are given in Tables 2—5.

At 8 and 12 weeks, postdecompression rats in groups I and
IV showed that the amplitude loss and latency prolongation
improved significantly the M-SSEP and CMAP. In contrast,
groups Il and V showed no change. However, compared with
precompression baseline levels, the significant amplitude and
latency improvement persisted more in the nondiabetic rats
(group IV) than in the diabetic rats (group I). Moreover, at 8
weeks postdecompression there were no differences between
the nondiabetic group (group IV) and the sham group (group
VI), but still had significant difference between the diabetic
group (group I) and the sham group (group III). These find-
ings suggested incomplete but significant recovery of neural
conduction of both sensory and motor tracts in the diabetic
group and full recovery in the nondiabetic group.

Behavioral observation and functional
assessment using thermal hyperalgesia
test

A thermal hyperalgesia test showed significant sciatic func-
tional impairment in the four compressive experimental
groups (groups I, II, IV, and V) compared with preoperative
levels. The paw withdrawal thresholds for noxious thermal
stimuli were significantly lower in the four experimental
groups as compared to the sham groups (groups III and
VI) at 2 and 4 weeks postcompression, which is consistent

Table | Comparison of body weight between diabetic and nondiabetic groups

Time, postcompression Diabetes, groups I-lll, mean * SD (g) Nondiabetes, groups IV-VI, mean * SD (g) P-value
Immediate 270.67+£79.751 277.50+82.106' NS

2 weeks 293.57+£31.770* 321.15+24.8462 <0.05

4 weeks 297.92+32.013* 339.23+42.123%23 <0.05

8 weeks 308.89+63.333* 380.00+£59.255%3 <0.05
12 weeks 324.44172.648° 460.00+31.623* <0.05
P-value NS <0.05

Notes: **'~*Different superscript letters and numbers indicate a statistically significant difference across groups or time points (Kruskal-Wallis test). Group I: diabetic
compression-decompression; |I: diabetic compression; lll: diabetic sham; IV: nondiabetic compression-decompression; V: nondiabetic compression; VI: nondiabetic sham.

Abbreviations: NS, not significant; SD, standard deviation.
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M-SSEP

Group | Group IV
Op Op
2w 2w

1 M-release(-) 1 M-release(-)

1 M-release(+) 1 M-release(+)

2M 2M

3M 3M

Figure | Representative compression—decompression tracings of M-SSEP of
STZ-induced diabetic rats (group I) and nondiabetic rats (group IV). Note that the
amplitude improved in both groups but was more significant in group IV.
Abbreviations: M, months; M-SSEP, mixed-nerve-elicited somatosensory evoked
potential; Op, operation day; STZ, streptozotocin; w, weeks.

CMAP

Group | Group IV
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2w

1 M-release(-)
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Figure 2 Representative compression—decompression CMAP tracings in the
STZ-induced diabetic rats (group I) and nondiabetic rats (group 1V). Note that the
amplitude improved in both groups but was more significant in group IV.
Abbreviations: CMAP, compound muscle action potential; M, months; Op,
operation day; STZ, streptozotocin; w, weeks.

with compression-induced thermal hyperalgesia. Rats in the
nondecompression groups (groups Il and V) showed progres-
sive and significant decreases in thermal hyperalgesia for the
entire 12 weeks of follow-up. Rats in decompression groups
I'and IV showed progressive and significant improvement in
thermal hyperalgesia postdecompression at 4 and 8 weeks
but did not achieve their precompression level (Table 6).

Histologic observation

Pathologic tests of the tissue from the diabetic and non-
diabetic compression rats showed significant morphologic
changes as compared to tests of tissue from the sham rats
(Figure 3). There were numerous small diameter myelinated
fibers and evidence of demyelination (Figure 4).

The mean diameter of the myelinated fiber was significantly
decreased in both the nondiabetic and diabetic rat groups (sham/
group VI: 6.68+0.60 um; nondiabetic compression/group V:
4.2310.13 pm; diabetic compression/group II: 2.54+0.17 pm).
The difference between the compression and decompres-
sion groups was significant (nondiabetes: 4.23+£0.13 um
vs 7.5810.27 um [group V vs IV]; diabetes: 2.5410.17 pm
vs 4.2740.37 um [group II vs I]). The mean myelinated fiber
diameters without compression in the diabetic group were less
than those in the nondiabetic group (nondiabetes/group VI:
6.6810.60 um; diabetes/group II1: 5.91910.55 pum; Figure 5).

Discussion

STZ induces non-ketones hyperglycemia, which is similar to
diabetes in some animal species. Due to the hyperglycemia
effect, the body weights of STZ-induced diabetic rats have
been found to be significantly lower than those in nondiabetic
rats.??>? This is compatible with our finding of less body-
weight gains in diabetic groups.

Table 2 Comparison of amplitude change of SSEPs between all groups

Time, Groups P-value, P-value
postcompression 1, I, 1, v, v, Vi, I-11/1vV=VI

mean * SD* mean * SD* mean £ SD* mean * SD*¥ mean *SD* mean t SD*
Immediate 1.01£0.05' 1.00+0.17' 0.99+0.64 0.95+0.10' 0.97+0.10" 0.96+0.04 NS/NS NS
2 weeks 0.4440.22*2 0.441+0.22*? 1.03+0.08° 0.63+0.24*2 0.7940.22%'2 1.00£0.09° <0.05/<0.05 <0.05
4 weeks 0.43£0.36*><2  0.45+0.21>? 1.02+0.10° 0.57+0.19*2 0.7110.61¢? 0.9610.05° <0.05/<0.05 <0.05
30 min after release  0.44+0.332 ND ND 0.63+0.192 ND ND
8 weeks 0.5540.232b<42  0.44+0.1722 0.96+0.050<4 0.78+0.20>'2 0.6740.13<2 1.00£0.07¢ <0.05/<0.05 <0.05
12 weeks 0.57£0.142><2  0.4240.13? 0.92+0.75° 0.8940.12°! 0.6940.1 |2 1.02+0.08° <0.05/<0.05 <0.05
P-value <0.05 <0.05 NS <0.05 <0.05 NS

Notes: All values represent relative values (mean * SD) of peak amplitude with percentage of compression/noncompression side of the same operated rat. *Represents the
range of change. Different superscript letters and numbers indicate a statistically significant difference across groups'? or time points®* by analysis of variance (Kruskal-Wallis
test). Group I: diabetic compression-decompression; II: diabetic compression; |ll: diabetic sham; IV: nondiabetic compression-decompression; V: nondiabetic compression;

VI: nondiabetic sham.

Abbreviations: ND, not done; NS, no significant; SD, standard deviation; SSEPs, spinal somatosensory evoked potentials.
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Table 3 Comparison of latency change of SSEPs between all groups
Time, Groups P-value, P-value
postcompression 1, I, u, v, Vv, Vi, I-11/IV=-VI

mean £ SD¥* mean * SD* mean * SD* mean* SD* mean*SD* mean * SD*
Immediate 1.04+0.05' 1.02+0.05' 1.01+0.05 1.03+0.04' 1.00+0.03' 1.00+0.05 NS NS
2 weeks 1.2240.13>"23  1.2040.1322 1.00+0.04° 1.3240.26*? 1.21£0.13*"2*  1.01£0.05° <0.05/<0.05  <0.05
4 weeks 1.43£0.16%? 1.25+0. 502 1.02+0.03b<4 1.37£0.15¢2 [.21£0.192<423  ].00£0.03¢ <0.05/<0.05 <0.05
30 min after release  |.41+0.22%° ND ND 1.3440.162 ND ND
8 weeks 1.21£0.12%* 1.3420.132 0.98+0.05° 1.08+0.15%! 1.34£0.09>2 0.99+0.06° <0.05/<0.05  <0.05
12 weeks 113401423 ].3840.16>2 0.9610.05¢ 1.02+0.08*' 1.20+0.0443 0.99+0.04< <0.05/<0.05 <0.05
P-value <0.05 <0.05 NS <0.05 <0.05 NS

Notes: All values represent relative values (mean + SD) of peak amplitude with percentage of compression/noncompression side of the same operated rat. *Represents the
range of change. Different superscript letters and numbers indicate a statistically significant difference across groups'= or time points* by analysis of variance (Kruskal-Wallis
test). Group I: diabetic compression-decompression; II: diabetic compression; lll: diabetic sham; IV: nondiabetic compression-decompression; V: nondiabetic compression;
VI: nondiabetic sham.

Abbreviations: ND, not done; NS, no significant; SD, standard deviation; SSEPs, spinal somatosensory evoked potentials.

Table 4 Comparison of amplitude change of CMAPs between all groups

Time, Groups P-value, P-value
postcompression | I, n, v, v, 0 =AV=vi

mean = SD* mean * SD*¥* mean * SD*¥* mean £ SD* mean * SD¥* mean * SD#*t
Immediate 1.01£0.06' 0.9610.10' 0.95+0.11 0.99+0.09' 1.02+0.05' 0.9940.13 NS NS
2 weeks 0.441+0.3420234  0.49+0.25*? 1.00£0.13¢ 0.60+0.22:%2  0.72+0.22%2 1.08+0.09¢ <0.05/<0.05 <0.05
4 weeks 0.341+0.24>24 0.40+0.23*92  1.00+0.17>¢ 0.3340.19+92  0.60+0.19<2 0.9940.10¢ <0.05/<0.05 <0.05
30 min after release  0.38+0.31* ND ND 0.73+0.21%3 ND ND
8 weeks 0.57+0.222<34  0.42+0.20*? 1.0110.10°< 0.84+0.17°¢'2  0.49+0.18*¢*  0.98+0.08° <0.05/<0.05 <0.05
12 weeks 0.63£0.132<423  0.41+0.19*2 0.99£0.19°¢ 0.89+0.13%<!3  0.68+0.18%2 1.03+0.09° <0.05/<0.05 <0.05
P-value <0.05 <0.05 NS <0.05 <0.05 NS

Notes: All values represent relative values (mean + SD) of peak amplitude with percentage of compression/noncompression side of the same operated rat. *Represents the
range of change. Different superscript letters and numbers indicate a statistically significant difference across groups'™ or time points* by analysis of variance (Kruskal-Wallis
test). Group |: diabetic compression-decompression; |I: diabetic compression; lll: diabetic sham; IV: nondiabetic compression-decompression; V: nondiabetic compression;
VI: nondiabetic sham.

Abbreviations: CMAPs, compound muscle action potentials; ND, not done; NS, no significant; SD, standard deviation.

Table 5 Comparison of latency change of CMAPs between all groups

Time, Groups P-value, P-value
postcompression 1, 1, u, v, v, Vi, I-1I/IV=-VI

mean * SD*¥* mean * SD¥* mean * SD*¥* mean * SD* mean £ SD* mean * SD*
Immediate 1.03+0.08' 1.06+0.06' 1.00+0.06 1.04+0.06' 1.00£0.07' 1.01+0.07 NS NS
2 weeks 1.25£0.212b=23  ].33+0.07>2 1.00£0.09¢ 1.30+0. 1342 1.19£0.07b¢=!2  |.06+0.07¢¢ <0.05/<0.05 <0.05
4 weeks 1.44+0.1222 1.32+0.17**2  0.99+0.06¢ 1.32+0. 1442 1.26+0.055¢2 1.09+0.07¢¢ <0.05/<0.05 <0.05
30 min after release  [.3240.10%3 ND ND 2.461+3.33'2 ND ND
8 week 1.28+0.09+23 1.55+0.29+2 1.00£0.11° 1.120.10>'2 1.37£0.1223 0.99+0.10° <0.05/<0.05 <0.05
12 weeks 1.2240.04** 1.38+0.19*? 1.01£0.06°¢ 1.05+0.06°<' 1.15+0.08<2 0.98+0.03¢ <0.05/<0.05 <0.05
P-value <0.05 <0.05 NS <0.05 <0.05 NS

Notes: All values represent relative values (mean £ SD) of peak amplitude with percentage of compression/noncompression side of the same operated rat. *Represents the
range of change. Different superscript letters and numbers indicate a statistically significant difference across groups'~ or time points*™® by analysis of variance (Kruskal-Wallis
test). Group |: diabetic compression-decompression; II: diabetic compression; lll: diabetic sham; IV: nondiabetic compression-decompression; V: nondiabetic compression;
VI: nondiabetic sham.

Abbreviations: CMAPs, compound muscle action potentials; ND, not done; NS, no significant; SD, standard deviation.

The results of the study demonstrated chronic compres- and improved thermal hyperalgesia and the mean myelin

sion of a significant sciatic nerve-induced reduction in ampli-
tude and increment of latency of the M-SSEP and CMAP in
both the diabetic and nondiabetic rats. The diabetic groups
were more susceptible to change. Decompression surgery
significantly improved both sensory and motor conduction

diameter of the sciatic nerve in both groups of rats. The
recovery of motor and sensory function was significant 4
weeks after decompression, and there was complete recovery
in nondiabetic rats but not in diabetic rats 8 weeks postde-
compression. This finding suggests that nerve function was
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Table 6 Comparison of plantar test between nondiabetic and diabetic groups

Time, Groups P-value  Groups P-value
postcompression | 1, m, v, v, i,

mean * SD* mean * SD* mean * SD* mean * SD* mean * SD¥ mean * SD*
Immediate 15.23+1.21" 15.52+1.86' 15.30+2.59 NS 12.39£1.10' 12.38+1.78' 12.60+1.13 NS
2 weeks 13.30+1.33'2 14.82+2.09' 15.03£1.57 NS 11.47+1.89'? 11.94%1.49' 12.51%1.18 NS
4 weeks 9.14+1.4323 9.96+1.6222 15.10+1.88° <0.05 6.91£1.3323 8.39+1.452 13.31£1.57° <0.05
30 min after release  ND ND ND ND ND ND
8 weeks 10.03£1.05*4  8.87%1.63*? 15.86+1.77° <0.05 9.45+1.84234  7.69+0.66*2 13.42+1.80° <0.05
12 weeks 12.50£1.01>2*  9.90+1.84*? 15.61+1.88° <0.05 10.08+1.81>'4  7.71+0.88"2 13.03+1.8I¢ <0.05
P-value <0.05 <0.05 NS <0.05 <0.05 NS

Notes: All values represent relative values (mean £ SD) of peak amplitude with percentage of compression/noncompression side of the same operated rat. *Represents the
range of change. *<'~*Different superscript letters and numbers indicate a statistically significant difference across groups or time points by analysis of variance (Kruskal-Wallis

test). Group |: diabetic compression-decompression; II: diabetic compression; lll: diabetic sham; IV: nondiabetic compression-decompression; V: nondiabetic compression;
VI: nondiabetic sham.

Abbreviations: ND, not done; NS, no significant; SD, standard deviation.

A B Cc

Figure 3 Micrograph images of the sciatic nerve of a nondiabetic rat (A), a diabetic rat with compression only (B), and a nondiabetic rat with compression only (C). There
was evidence of demyelination found in the diabetic and nondiabetic rats in the compression-only groups. Scale bar: 20 ym.

A B C

Figure 4 Micrograph images of the sciatic nerve of a nondiabetic rat (A—C) and a diabetic rat (D—F). (A, D) Compression for 4 weeks and the release groups. (B, E) The
compression-only groups. (C, F) The sham surgery groups. The nondiabetic rat experiments indicated that the 4-week nerve compression-only group revealed numerous
small diameter myelin that were not present in the 4-week compression and release group. The diabetic rat experiments indicated that the 4-week compression-only group
showed massive deconstruction and decreased myelin thickness compared with the sham surgery group. The small diameter myelin slightly increased in the diabetic 4-week
compression and release group. Scale bar: 20 pm.
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Figure 5 The ratio of different diameters of myelin counted in each experimental
group.

Notes: **P<0.05. Group I: diabetic compression-decompression; II: diabetic
compression; lll: diabetic sham; IV: nondiabetic compression-decompression; V:
nondiabetic compression; VI: nondiabetic sham.

still under the influence of hyperglycemia and thus lowered
the recovery rate of the diabetic rats.

Histophysiologic studies of STZ-induced diabetic rats
have revealed reductions in average myelin surface, the
myelin/axon ratio, increased endoneurial space, a reduction
in the velocity of conduction, and a lower pain threshold.'s
Similar findings for striking losses of myelinated fiber have
also been noted in human diabetic neuropathies.?® The
pathophysiologic findings of diabetic neuropathy are similar
in humans and STZ-induced diabetic rats. There are many
chronic nerve compression animal models. Chronic nerve
compression models in rats indicate progressive epineurial
and perineurial fibrosis and thinning of the myelin based on
the duration of compression. The changes seen in rats are
identical to these seen in human beings.?® Locally ligated
silastic-tubing induced entrapment is one of the models. The
experimental findings in the model used in our prior study
showed progressive and consistent neurologic dysfunction
with a decline in amplitude and a prolongation of latency
after compression.?’” We used this model in STZ-induced
diabetic rats because it may meet the criteria for mimicking
the pathogenesis and clinical entrapment neuropathy of carpal
tunnel and cubital tunnel syndrome.?*%

Diabetes impairs glucose metabolism and induces
musculoskeletal complications, including connective tissue
disorders, neuropathy, and vasculopathy. The pathogenesis of
diabetic neuropathy is complex and includes microvascular
damage, metabolic insult, and immune-neuronal interac-
tions.*® Diabetes has been shown to impair acetylcholine-
induced vasodilatation of arterioles and to cause reduction in
endoneurial blood flow.>! A disruption of blood nerve barrier
function might cause increased endoneurial fluid pressure
and perineurial edema. It has been noted that nerve tissue

is then replaced by fibrotic tissue, which causes changes in
large myelinated fiber at the peripheral of fascicle and the
node of Ranvier.3? These processes slow motor and sensory
nerve conduction. Persist hyperglycemia generates excess
nicotinamide adenine dinucleotide and leads to an overload
in the electron transport chain, causing oxidation stress
damage to mitochondria and activation of poly (adenosine
diphosphate-ribase) polymerase (PARP). A combination
of PARP with hexosamine and protein kinase C activation
induces inflammation and neural dysfunction. The conjoining
of PARP, advanced glycation end product activation, results
in redox imbalance, gene expression disturbance, and further
oxidation stress. Finally, there is more inflammation and
neuronal dysfunction.*3

The double crush concept states that nerves subjected
to metabolic or mechanical compressions at one site are
more prone to experience damage at another site.* Diabetes
induced decreases in axoplasmic blood flow and neuronal
dysfunction in nerves would act as the first crush.'® Ligated
silastic-tubing-induced chronic nerve entrapment might rep-
resent a normal anatomic contraction such as occurs in the
transverse carpal ligament for carpal tunnel syndrome at the
wrist or in Osborne’s ligament for cubital tunnel syndrome at
the elbow. The double crush hypothesis can explain why the
diabetic nerve is more susceptible than a nondiabetic nerve,
as confirmed with our study, where diabetic groups were
shown to be more susceptible to a reduction in amplitude
and increments of M-SSEP and CMAP latency. In our study,
diabetic group I compared with group II exhibited significant
behavioral and neurophysiologic recovery. This indicated the
effect that decompression surgery released the second crush
in the diabetic group. A more significant decompression
effect was also demonstrated in nondiabetic group IV than
in diabetic group I. This indicated that the first crush effect
still influenced the nerve recovery in the diabetic rats.

Diabetic neuropathy was found to evoke an irreversible
change. Diabetes induced microangiopathy at the peripheral
nerve, radial stress, attenuated inflammation, retrograde
neuron loss/attenuated cell body response, and impaired neu-
rotrophic support, etc. This impaired peripheral nerve regen-
eration and regeneration of abnormal nerves.**3¢ Surgical
outcomes for nerve decompression among diabetic patients
have been shown to be variable. A Cochrane review study in
the decompression of superimposed nerve compression of the
lower limbs in patients with symmetrical diabetic peripheral
neuropathy failed to identify a definitive result.’” The out-
comes of surgical decompression of carpal tunnel syndrome
in diabetic patients have also been variable. Some clinical and
electrophysiologic results have showed less than favorable
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results.!>14383 However, others have found some beneficial
outcomes.'%!'4% In our study, thermal hyperalgesia recovery
after decompression surgery occurred in both the nondia-
betic and diabetic groups. However, these results were not
compatible with the complete sensory and motor conduction
improvement in nondiabetic group. Thermal hyperalgesia is a
reflex activity. The changes in reflex activity might be due to
alterations in motor and sensory processing.*! The process of
motor control involves a complex nerve action.*? This might
have influenced the complete functional recovery. However,
our results were compatible with most studies focusing on
functional and electrophysiologic findings in clinical settings.

Limitations of this study

One limitation of our study is the lack of a long-term end-
point that might have given us the opportunity to draw another
and stronger conclusion about the long-term therapeutic
effects of decompression surgery. However, because evidence
from clinical practice indicates that there are no consistent
long-term results of decompression surgery, the clinical
applicability of this type of research is undoubtedly limited.
A second limitation is the rat sciatic nerve silastic-tubing
chronic nerve compression model is a well-established nerve
injury model, but it may not be applicable to human carpal
tunnel syndrome because the mechanism of human entrap-
ment neuropathy is not like direct compression on the rat
sciatic nerve. A third limitation is that when we interpreted
the histologic results of this study, we used only hematoxylin
and eosin staining. We used eosin staining in lieu of more
advanced histochemical and immunohistochemical tech-
niques and electron microscopy to detect the changes. A
fourth limitation is that we used STZ-induced diabetic rats
without hyperglycemia control in this study which is unlike
some clinical conditions.

Conclusion

In conclusion, electrophysiologic deterioration of the sciatic
nerve was attenuated; behavioral function improved, and the
mean myelin diameter of the myelinated fiber augmented
significantly in the decompression groups with changes found
in the nondiabetic rats. Additional studies are necessary for a
better understanding of the mechanisms involved. Our most
important finding is that decompression surgery is effective
in diabetic peripheral neuropathy.
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