Sonographic Evaluation of the Peripheral Nerve in Diabetic Patients
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studies using sonography for entrapment neu-
ropathy such as carpal tunnel syndrome (CTS)**
have been presented. However, there are few
reports of DPN diagnosis using sonography. We
showed previously that the cross-sectional area
(CSA) of the median nerve in the carpal tunnel of
patients with DPN is greater than that of controls
and correlates with NCS.1° The aim of this study
was to assess the echo intensity of the peripheral
nerve and to evaluate the relationship between
NCS results and sonographic findings in diabetic
patients.

Materials and Methods

Participants

Thirty patients with type 2 diabetes were
enrolled in this study at the Gifu University
Hospital from October 2007 to January 2009 (17
men and 13 women; age range, 36-83 years;
mean + SD, 59.8 + 10.2 years). Our control group

‘consisted of 32 healthy volunteers without dia-

betes mellitus or CTS (25 men and 7 women; age
range, 24-72 years; mean, 53.7 * 13.9 years).
Patients’ wrists with symptoms of CTS were not
included in the study; those that were included

" had negative Phalen test results. Every partici-

pant was-able to walk unaided, and none had
received hemodialysis.

We studied a total of 95 peripheral nerves
(including 62 median nerves and 33 tibial nerves)
of 62 participants who received both sonography
and NCS. This study was approved by the

" Institutional Review Board of Gifu University

Hospital, and informed consent was obtained

EE from all participants.

l Sqr;qgféphic Examinations
~ Sonographic examinations were performed by 1
- of 2 experienced sonographers (with at least 10

years of ultrasound experience) using a 6.0- to
14.0-MHz linear array probe (portable real-time
apparatus: EUB-7500; Hitachi Corporation, Tokyo,
Japan; or ProSound Alpha 10; Aloka Co, Ltd,
Tokyo, Japan). Sonograms were quantitatively ana-
lyzed using ImageJ software (National Institutes
of Health, Bethesda, MD), and only the image
obtained by a specific zoom setting was used.
Computer analyses were performed by 2 other
sonographers who did not have any knowledge

of the electrodiagnostic results (observer A had
15 years of experience, and observer B had 6
years of experience). All participants were in the
supine position on a table with fingers semiex-
tended during examination of the median
nerve and in the prone position during exami-
nation of the tibial nerve. The major axis, minor
axis, and CSA of the median nerve were mea-
sured at the carpal tunnel and at 5 cm proximal
to the wrist (wrist). The major axis, minor axis,
and CSA of the tibial nerve were measured at
the posterior medial malleolus (ankle). The
CSA was calculated by the indirect method
using the formula major axis x minor axis x 7 x
1/4 (square millimeters). There are 2 sono-
graphic measurement methods of the nerve
CSA: the indirect method (ellipsoid formula)
and the direct method (tracing). Recently,
Alemdn et al'! reported that median nerve CSA
measurements are reproducible by either the
direct or indirect method when a standardized
sonographic examination protocol is applied.
In addition, Sernik et al'? also reported a high
correlation (r = 0.99) between the areas calcu-
lated by the indirect and direct methods; con-
sequently, we used the easier indirect method
in our study. The volar wrist crease and pisi-
form bone or medial malleolus were used as
initial external reference points and landmarks
during scanning. Transverse and longitudinal
sonograms of the nerve at each position were
recorded (Figure 1). The peripheral nerve’s
speckled pattern on sonography enabled us to
assess its size and echo intensity.

Of the 62 participants, 26 (42%; 13 diabetic
patients and 13 controls) were recorded as specif-
ic zoom images on the Hitachi EUB-7500 ultra-
sound equipment. The stored images were
further analyzed by 2 sonographers on a personal
computer using Image]. Each observer received
training specific to this study before initiation of
the data collection. The images were saved as
JPEG files and transferred to a personal comput-
er for analysis. The monochrome sonogram was
quantized to 8 bits (ie, 256 gray levels). Histogram
analysis on sonography has been expected to
offer an objective index for estimating echo
intensity such as in diagnosis of fatty liver. The
region of interest was set to cover the entire
nerve, excluding its hyperechoic rim. The bright-
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to reference standards, another ROC curve was
fitted using MCV results, and the sensitivity and
specificity of sonography and NCS were calculat-
ed and compared between 2 examinations.

Results

Detailed demographic data for the diabetic
patients and controls are shown in Table 1. There
were no significant differences in age, height,
weight, or body mass index (BMI) between con-
trols and diabetic patients. Intraobserver repro-
ducibility was high for both observers (observer A,
intraclass correlation coefficient = 0.998; observer
B, intraclass correlation coefficient = 0.987); inter-
observer reproducibility was also high (interclass
correlation coefficient = 0.995). Results of the sono-
graphic examinations and NCS of the diabetic
patients and controls are shown in Table 2. Cross-
sectional areas in the high-MMCV group were 8.8
+ 2.1 mm? in the carpal tunnel and 6.7 + 1.4 mm?
in the wrist. Cross-sectional areas in the low-
MMCV group were 14.0 + 6.1 mm? in the carpal

. tunnel and 9.8 + 3.7 mm? in the wrist. Cross-sec-

tional areas in the controls were 8.3 + 1.8 mm? in
the carpal tunnel and 7.1 + 2.0 mm? in the wrist.
There was a significant increase in the median
nerve CSA in the low-MMCV group compared
with that in the controls (carpal tunnel, P < .001;
wrist, P < :05) and the high-MMCV group (carpal
tunnel, P < .001; wrist, P < .01). Cross-sectional
areas in the ankle were 15.0 + 6.1 mm? in the low-
TMCV group, 8.8 + 2.9 mm? in the high-TMCV
group; and 8.9 + 2.8 mm? in the controls. There was
a significant increase in the tibial nerve CSA in the
low-TMCV group compared with that in the con-
trols (P <.01) and the high-TMCV group (P < .05).

The percentage of the hypoechoic area was sig-
nificantly increased in the low-MMCV group
compared with that in the controls (P < .01) and
the high-MMCV group (P < .05). Sonograms and
histograms of the diabetic patients and controls
are shown in Figure 4.

The MCV and CMAP of both the median and
tibial nerves in the low-MCV group showed a sig-
nificant decrease compared with those in the
controls and the high-MCV group. On the other
hand, latency was significantly slower in the low-
MCYV group than in the controls and the high-
MCV group.
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Table 3 shows the correlation results between
several sonographic findings and characteristics
in the median nerve. The CSA in the carpal tun-
nel showed a significant correlation with age (r=
0.306; P <.05), MCV (r=-0.655; P <.001), latency
(r=0.552; P <.001),and CMAP (r=-0.311; P<.05).
In the wrist, the CSA was also significantly corre-
lated with age (r = 0.266; P < .05), body surface
area (BSA; r = 0.271; P < .05), MCV (r = -0.502;
P < .001), latency (r = 0.296; P < .05), and CMAP
(r=-0.285; P<.05). The percentage of the hypoe-
choic area showed a significant correlation with
MCV (r=-0.624; P < .001) and latency (r = 0.595;
P<.01).

Table 4 shows the correlation results between
several sonographic findings and characteristics
in the tibial nerve. The CSA in the ankle showed
a significant correlation with age (r=0.493; P<.01),
weight (r=0.359; P <.05), BMI (r=0.454; P< .05),
MCV (r = -0.532; P < .01), latency (r = 0.525; P <
.01), and CMAP (r=-0.414; P<.05). The percent-
age of the hypoechoic area showed a significant
correlation with weight (r = 0.432; P < .05), BMI
(r=0.432; P <.05), BSA (r =0.435; P < .05), MCV
(r=-0.565; P<.01), and latency (r=0.466; P<.05).

The latency period of the median nerve was
divided into 3 groups: latency of less than 3.5
milliseconds, latency of 3.5 to 4.0 milliseconds,
and latency of greater than 4.0 milliseconds. The
MCV of the median nerve was also divided into 3
groups: MCV of less than 50 m/s, MCV of 50 to
55 m/s, and MCV of greater than 55 m/s.

Table 1. Characteristics of All Participants

Parameter Controls Diabetic Patients
n 32 30
Male/female 25/7 17113
Age, y 53.7 +'13.9 59.8 + 10.2
Height, cm 1649 +69 161277
Weight, kg 62.6 +9.5 62.6 £ 10.2
BMI, % 226+28 241 %29
Duration, y NA 15.4 £ 10.7
HbA1c, % NA 89+19
CVRR, % NA 196+ 1.19
Presence of sensory symptoms, n (%) NA 47 (14/30)
Bilaterally decreased or absent NA 66.7 (20/30)
Achilles tendon, n (%)
Decreased vibratory sensation, n (%) NA 66.7 (20/30)

CVRR indicates coefficient of variation of R-R intervals; HbA1c, hemoglobin

A1c; and NA, not applicable.









Sonographic Evaluation of the Peripheral Nerve in Diabetic Patients

‘Table 3. Correlation Between Several Sonographic Findings and
Characteristics in the Median Nerve

Correlation Coefficient

CSA Percentage of

Parameter Carpal Tunnel Wrist Hypoechoic Area
Age 0.306° 0.2662 0.358
Height -0.041 0.187 -0.020
Weight 0.131 0.217 0.232
BMI 0.186 0.189 0.328
BSA 0.123 0.2712 0.182
CVRR -0.050 0.125 0.101
HbA1c -0.251 -0.098 0.301
Duration 0.298 0.173 -0.219
MCV -0.655° -0.502° -0.624
Latency 0.552° 0.296° 0.595¢
CMAP -0.3112 -0.2852 -0.336

The CSA and percentage of the hypoechoic area were compared with the
participant’s age, physical parameters, coefficient of variation of R-R inter-
vals (CVRR), hemoglobin Alc (HbA1c) level, duration, and nerve conduc-
tion study by Pearson correlation coefficients.

3P < 05; P < .001; P < .01.

raphy than NCS, but the specificity was similar
between sonography and NCS (Table 5).

Discussion

Diabetes mellitus is becoming a major cause of
premature disability in Japan, and peripheral
neuropathy is a common complication of dia-
betes.!® The diagnosis of diabetic neuropathy is

Table 4. Correlation Between Several Sonographic Findings and
Characteristics in the Tibial Nerve

Correlation Coefficient

Parameter CSA  Percentage of Hypoechoic Area
Age 0.4932 0.062
Height -0.079 0.182
Weight 0.359° 0.432°
BMI 0.454° 0.432°
BSA 0.229 0.435b
CVRR 0.115 -0.038
HbA1c 0.241 0.156
Duration 0.018 -0.109
MCV -0.5322 -0.5652
Latency 0.5252 0.466°
CMAP -0.414b -0.321

The CSA and percentage of the hypoechoic area were compared with the
participant’s age, physical parameters, coefficient of variation of R-R inter-
vals (CVRR), hemoglobin Alc (HbA1c) level, duration, and nerve conduc-
tion study by Pearson correlation coefficients.

2P < .01; °P < .05.
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Figure 5. Cross-sectional area stratification in the median nerve
by combining tertiles of latency and MCV. The CSA increased
from 7.1 mm? in participants in the first tertiles of both nerve
conduction study parameters to 14.6 mm? in participants in the
third tertile of latency and MCV. The latency was divided into 3
groups: latency of less than 3.5 milliseconds, latency of 3.5 to
4.0 milliseconds, and latency of greater than 4.0 milliseconds.
The MCV was also divided into 3 groups: MCV of less than 50
m/s, MCV of 50 to 55 m/s, and MCV of greater than 55 m/s.

based on its characteristic symptoms and can be
confirmed with NCS.!3-16 However, NCS is time-
consuming, slightly invasive, and generally not
well tolerated for repeated evaluations.!” In con-
trast, sonographic examinations can be per-
formed to assess peripheral nerves with less
discomfort and have already been used for the
evaluation of disorders of the peripheral nervous
system.*10

Figure 6. Cross-sectional area stratification in the tibial nerve by
combining tertiles of latency and MCV. The CSA was 16.3 mm?
in participants in the highest tertile of both latency and MCV.
The latency was divided into 3 groups: latency of less than 4.5
milliseconds, latency of 4.5 to 5.0 milliseconds, and latency of
greater than 5.0 milliseconds. The MCV was also divided into 3
groups: MCV of less than 40 m/s, MCV of 40 to 50 m/s, and
MCV of greater than 50 m/s.
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Conventional motor and sensory NCS has been
widely used to diagnose DPN.!8-2* Symptoms of
DPN appear bilaterally from the toes or the soles
. of the feet. Thus, NCS in the lower limbs should
be more suitable to assess DPN severity. However,
NCS in the lower limbs is time-consuming, and
the action potential in the lower limbs sometimes
cannot be evoked in cases of patients with
advanced DPN. Some previous studies have
reported that nerve conduction velocity slowing
in the upper limbs is similar to that in the lower
limbs of diabetic patients.?>? Skin temperature
and humidity, however, easily affect the sensory

Watanabe et al

nerve conduction velocity at the time of mea-

surement. Mizumoto et al*’ reported that they

chose instead to look at distal motor latency and
the MCV because the sensory nerve conduction
velocity was not measurable in many patients
and appeared to be an unsuitable parameter. For
the reasons above, we performed only the motor
nerve conduction study.

Sonographic criteria for the diagnosis of neu-
ropathy have been proposed by several studies.
Cartwright et al?® evaluated the CSA reference
value studied for nerve sonography. In their
study, the mean area of the tibial nerve at the

Figure 7. Receiver operating characteristic curves fitted for difference modality. A, When the ROC curve was fitted using sonographic
CSA results, the CSA of the carpal tunnel was most effective. B, When the ROC curve was fitted using the sonographic hypoechoic
area, the area of the tibial nerve was most effective. C, When the ROC curve was fitted using NCS MCV results, the MCV of the tib-
ial nerve was most effective. D, When the ROC curve was fitted using NCS latency results, the latency of the tibial nerve was most

effective.
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ankle was 13.7 mm?, which was greater than the
value of 8.9 mm? that we obtained. They also
reported that age and height showed weak corre-
lations with the nerve CSA, whereas weight and
BMI showed stronger correlations with the nerve
CSA. Their study participants’ mean BMI and
weight were 26.5 and 74.5 kg, respectively, which
were markedly greater than those of our partici-
pants, explaining the discrepancy with our find-
ings. Mean normal median nerve CSA values
cited in the literature vary between 6.1 and 10.4
mm?; the difference between these normal val-
ues constitutes 51% of the normal median nerve
CSA (8.4 mm?), which is similar to our result of
8.3 mm?* The aim of our study was to evaluate
whether the sonographic findings in the median
and tibial nerves corresponded to the results of
motor NCS in diabetic patients. We found that
the CSA of both median and tibial nerves in dia-
betic patients were significantly larger than those
in controls. Carpal tunnel syndrome and tarsal
tunnel syndrome (TTS) are the most common
entrapment neuropathies. A cross-sectional
study of diabetic neuropathy reported by Dyck et
al’s found that polyneuropathy was the most
common form of diabetic neuropathy, followed
by CTS. It is well known that diabetic neu-
ropathies are frequently asymptomatic. Kim et
al'® reported that 6.8% of diabetic patients had
asymptomatic electrophysiologic CTS. The most
common etiologies of TTS are mass lesions in the
tunnel such as lipomas, ganglions, osteochon-
dromas, varicosities, and synovitis because of
rheumatoid arthritis or chronic uremia; however,
to our knowledge, TTS is a rare complication of
diabetes mellitus. Using sonography in the medi-

Table 5. Comparison of Sensitivity and Specificity Between
Sonography and NCS

Parameter Sensitivity, % Specificity, %
Sonography
CSA (median nerve, carpal tunnel) 68.2 85.0
CSA (median nerve, wrist) 54.5 70.0
CSA (tibial nerve, ankle) 75.0 70.6
Hypoechoic area (median nerve, wrist) 50.0 91.7
Hypoechoic area (tibial nerve, ankle) 54.5 87.5
NCS
MCV (median nerve) 67.5 95.5
MCV (tibial nerve) 875 93.8
Latency (median nerve) 57.1 76.9
Latency (tibial nerve) 87.5 68.8
706

an nerve, Sernik et al? showed decreased
echogenicity of the median nerve in symptomat-
ic CTS wrists. Although sonography provides
excellent detail of peripheral nerve parenchymal
changes, there is currently a lack of quantitative
examinations of peripheral nerve echogenicity.
We therefore attempted to create a standardized
quantitative analysis of sonographic images to
allow a more objective assessment of nerve
echogenicity in diabetic patients. This study was
not designed to compare sonographic findings
with histological changes; rather, the intent
of this initial study was to develop a method of
computer quantitation of echogenicity changes
and to assess for a correlation with NCS. In our
data, it appears that the percentage of the hypo-
echoic area of the peripheral nerve was signifi-
cantly greater in lower-MCV patients with
diabetes mellitus compared with controls and
higher-MCV patients with diabetes mellitus. It is
likely that these findings reflect pathologic
changes, although the pathogenesis of nerve
enlargement and an increasing percentage of the
hypoechoic area in peripheral nerves are uncer-
tain because affected median or tibial nerves
have rarely been biopsied in patients with dia-
betes mellitus.

Diabetic neuropathy is characterized by axonal
loss combined with demyelination, which is
reflected in typical neuropathophysiologic find-
ings, including reduced CMAP amplitudes com-
bined with slowed nerve conduction. With regard
to the relationship between sonography and NCS
in this study, we found an increased CSA of the
peripheral nerve in diabetic patients, especially
those with a low MCV, compared with healthy
controls. Moreover, the percentage of the hypoe-
choic area in the median nerve increased signifi-
cantly compared with the controls and diabetic
patients with a high MCV. According to ROC
curve analysis, to investigate whether using
sonography and NCS could judge the diagnostic
accuracy for DPN, we compared the sensitivity
and specificity of different modalities. Both the
sensitivity and specificity were higher for NCS
than sonography. These results are consistent
with current widely accepted status of NCS as
being more sensitive than sonography in the eval-
uation of polyneuropathy and CTS. However,
although sonographic measurement had insuffi-
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cient sensitivity, its specificity was similar to that
of NCS. In addition, sonography was able to
directly show morphologic change in the periph-
eral nerve. Compared with NCS, sonography
caused less discomfort to patients and took less
time. For these reasons, we have insisted on the
possibility of using sonography to diagnose DPN.

Severinsen and Andersen® reported that the
nerve conduction velocity may be reduced not
only because of loss of the fastest conducting
axons but also because of demyelination and
acute metabolic dysregulation, which may
cause lower nerve conduction velocity. Suzuki et
al®! reported that sorbitol itself and secondary
sodium accumulation caused by an increase in
sorbitol may be major contributors to the
increase in intracellular hydration using a 'H-
nuclear magnetic resonance study. It has further
been hypothesized that the peripheral nerve is
swollen in individuals with diabetes mellitus
because of increased water content related to
increased aldose reductase conversion of glu-
cose to sorbitol.3> We hypothesize that an
increased hypoechoic area of the peripheral
nerve in diabetic patients may occur because of
increased water content, which is also a cause of
an enlarged peripheral nerve. Furthermore, our
data showed that CSAs were negatively correlat-
ed with both a reduced MCV and delayed laten-
cy. Our findings may reveal that asymptomatic
CTS or TTS exists in diabetic patients, and both
entrapment and other factors such as metabolic
or vascular causes affect DPN.

Finally, our study was an sonographic exami-
nation only; therefore, it remains unknown
exactly what causes increased the hypoechoic
area or CSA. In addition, there were some limita-
tions of our study that warrant discussion
because advanced sonographic techniques such
as color and power Doppler imaging were not
used. However, sonography is a noninvasive
method that can be used to evaluate detailed
nerve structures. Further studies are needed to
confirm these findings in larger groups of diabet-
ic patients and in other types of neuropathy.

References

1. Wild S, Roglic G, Green A, Sicree R, King H. Global preva-
lence of diabetes: estimates for the year 2000 and projec-
tions for 2030. Diabetes Care 2004, 27:1047-1053.

J Ultrasound Med 2010; 29:697-708

10.

12.

13.

14.

Watanabe et al

Ogawa K, Sasaki H, Yamasaki H, et al. Peripheral nerve
functions may deteriorate parallel to the progression of
microangiopathy in diabetic patients. Nutr Metab
Cardiovasc Dis 2006; 16:313-321.

Chudzik W, Kaczorowska B, Przybyla M, Chudzik B, Galka
M. Diabetic neuropathy. Pol Merkur Lekarski 2007;
22:66-69.

Wiesler ER, Chloros GD, Cartwright MS, Smith BP, Rushing
J, Walker FO. The use of diagnostic ultrasound in carpal
tunnel syndrome. J Hand Surg Am 2006; 31:726-732.

Abe M. Ultrasound measurement of the median nerve for
carpal tunnel syndrome of the non-handicapped and the
handicapped. J Phys Ther Sci 2004; 16:107-114.

Jayaraman S, Naidich TP. The carpal tunnel: ultrasound dis-
play of normal imaging anatomy and pathology.
Neuroimaging Clin N Am 2004; 14:103-113.

Nakamichi K, Tachibana S. Detection of median nerve
enlargement for the diagnosis of idiopathic carpal tunnel
syndrome: value of multilevel assessment [in Japanese]. J
Jpn Soc Surg Hand 2003; 20:69-71.

Duncan |, Sullivan P, Lomas F. Sonography in the diagnosis
of carpal tunnel syndrome. AJR Am J Roentgenol 1999;
173:681-684.

Lee D, van Holsbeeck MT, Janevski PK, Ganos DL, Ditmars
DM, Darian VB. Diagnosis of carpal tunnel syndrome: ultra-
sound versus electromyography. Radiol Clin North Am
1999; 37:859-872.

Watanabe T, Ito H, Morita A, et al. Sonographic evaluation
of the median nerve in diabetic patients: comparison with
nerve conduction studies. J Ultrasound Med 2009;
28:727-734.

Aleman L, Berna JD, Reus M, Martinez F, Doménech-Ratto
G, Campos M. Reproducibility of sonographic measure-
ments of the median nerve. J Ultrasound Med 2008;
27:193-197.

Sernik RA, Abicalaf CA, Pimentel BF, Braga-Baiak A, Braga
L, Cerri GG. Ultrasound features of carpal tunnel syn-
drome: a prospective case-control study. Skeletal Radiol
2008; 37:49-53.

Ozaki |, Baba M, Matsunaga M, Takabe K. Deleterious
effect of the carpal tunnel on nerve conduction in diabetic
polyneuropathy. Electromyogr Clin Neurophysiol 1988;
28:301-306.

Bae JS, Kim BJ. Subclinical diabetic neuropathy with nor-
mal conventional electrophysiological study. J Neurol 2007;
254:53-59.

Kim WK, Kwon SH, Lee SH, Sunwoo |. Asymptomatic elec-
trophysiologic carpal tunnel syndrome in diabetics: entrap-
ment or polyneuropathy. Yonsei Med J 2000; 41:123-127.

Dyck PJ, Kratz KM, Karnes JL, et al. The prevalence by
staged severity of various types of diabetic neuropathy,
retinopathy, and nephropathy in a population-based
cohort: the Rechester diabetic neuropathic study.
Neurology 1993; 43:817-824.

707



Sonographic Evaluation of the Peripheral Nerve in Diabetic Patients

708

19.

20.

21.

22.

23:

24.

25.

26.

27.

28.

29.

30.

31.

Colak A, Kutlay M, Pekkafali Z, et al. Use of sonography in
carpal tunnel syndrome surgery: a prospective study.
Neurol Med Chir 2007; 47:109-115.

Driessens M, Saldien V, Dijs H, et al. F-wave latencies of the
deep peroneal nerve in diabetic polyneuropathy.
Electromyogr Clin Neurophysiol 1989; 29:339-344.

Fierro B, Modica A, D'Arpa A, Santangelo R, Raimondo D.
Analysis of F-wave in metabolic neuropathies: a compara-
tive study in uremic and diabetic patients. Acta Neurol
Scand 1987; 75:179-185.

Aminoff MJ, Goodin DS, Parry GJ, Barbaro NM, Weinstein
PR, Rosenblum ML. Electrophysiologic evaluation of lum-
bosacral radiculopathies: electromyography, late response,

and somatosensory evoked potentials. Neurology 1985;
35:1514-1518.

Dyck PJ, Karnes JL, Daube J, O'Brien P, Service FJ. Clinical
and neuropathological criteria for the diagnosis and stag-
ing of diabetic polyneuropathy. Brain 1985; 108:861-880.

Argyropoulos CJ, Panayiotopoulos CP, Scarpalezos S,
Nastas PE. F-wave and M-response conduction velocity in
diabetes mellitus. Electromyogr Clin Neurophysiol 1979;
19:443-458.

Kimura J, Yamada T, Stevland NP. Distal slowing of motor
nerve conduction velocity in diabetic polyneuropathy.
J Neurol Sci 1979; 42:291-302.

Panayiotopoulos CP, Scarpalezos S, Nastas PE. Sensory (1a)
and F-wave conduction velocity in the proximal segment of
the tibial nerve. Muscle Nerve 1978; 1:181-189.

Kohara N, Kimura J, Kaji R, et al. F-wave latency serves as
the most reproducible measure in nerve conduction studies
of diabetic polyneuropathy: multicentre analysis in healthy
subjects and patients with diabetic polyneuropathy.
Diabetologia 2000; 43:915-924.

Sasaki H, Nanjo K, Yamada M, et al. Diabetic neuropathy
as a heterogeneous syndrome: multivariate analysis of clin-
ical and neurological findings. Diabetes Res Clin Pract
1988; 4:215-222.

Mizumoto D, Hashizume H, Senda M, Nagoshi M, Inoue H.
Electrophysiological assessment of the carpal tunnel syn-
drome in hemodialysis patients: formula for predicting sur-
gical results. J Orthop Sci 2003; 8:8—15.

Cartwright MS, Passmore LV, Yoon JS, Brown ME, Caress
JB, Walker FO. Cross-sectional area reference value for
nerve ultrasonography. Muscle Nerve 2008; 37:566-571.

Seror P. Sonography and electrodiagnosis in carpal tunnel
syndrome diagnosis: an analysis of the literature. Eur J
Radiol 2008; 67:146-152.

Severinsen K, Andersen H. Evaluation of atrophy of foot
muscles in diabetic neuropathy: a comparative study of
nerve conduction studies and ultrasonography. Clin
Neurophysiol 2007; 118:2172-2175.

Suzuki E, Yasuda K, Yasuda K, et al. TH-NMR analysis of
nerve edema in the streptozotocin-induced diabetic rat.
J Lab Clin Med 1994; 124:627-637.

32.

Lee D, Dauphinée DM. Morphalogical and functional
changes in the diabetic peripheral nerve: using diagnostic
ultrasound and neurosensory testing to select candidates
for nerve decompression. J Am Podiatr Med Assoc 2005;
95:433-437.

J Ultrasound Med 2010; 29:697-708



S DB HE A DELY LA & 224 0 B 25 (),
—10E DR Y A ZRE L T—

Changes in Student Smoking Rates and the Total Smoking Ban at the University:
a Follow-up of the Last 10 Years

W A EHE H O f & ¥ O E OB ¥

Mayumi Yamamoto Mika Tanaka Tadahiro Sado

R S

Katsuji Shimizu

FRRERTIE H52% $15  FIRI

(20104F4 A 20 H 34T)



ERARMEFSE  Jpn J School Health 52 ; 2010 ; 71— 74

K& OIBHE DI Y ML A & 4 DOBUEREAL
—10E DR ) M A Z Rl L T—

WA E@Ees, | oh & B fE O E R OBl K X
EERASE REEEY Y5 —
i B KRR RAT SR N R R0 E
i B ko 32 Bl Bl 3R B R R RS A
i B o2k S BRI 4 RDFSERL W AR IR 2 55 B
Ol Bk R SRR R R SR R B S B

B &

Bgf*l,s
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a Follow-up of the Last 10 Years
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Gifu University has implemented a no-smoking policy since the last ten years. Since the annual smoking
rate of students significantly increased in 1998, several measures have been taken to curb this rate. Open lec-
tures on enlightenment were initiated. Gifu University Hospital prohibited smoking in all its buildings, and
Gifu University established a working group for the promotion of the no-smoking policy in 2003. In addition,
enlightenment books were provided to all the students and the faculty, and the president declared a no-
smoking action in 2003. In April 2005, a total smoking ban was established in all the university-owned build-
ings and grounds. At the same time, an anti-smoking education program for freshmen, a quitting program for
smokers, and a commendation for previous smokers who successfully quit smoking were also introduced. Ow-
ing to the abovementioned measures, the total smoking rate decreased from 15. 8% in 1999 to 4.4% in 2007 in
Gifu University. The smoking rates in men and women who entered the university in 1998 increased from
9.4% and 1.2% in 1998 to 32.2% and 6.4% in 2001, respectively, in the four years of under graduation. On
the other hand, the smoking rates in men and women who entered the university in 2004 increased from
3.8% and 0. 0% in 2004 to 13.3% and 1. 1% in 2007, respectively. Such anti-smoking activities may accelerate
the decrease in students’ smoking rate. We report here as an example that the anti-smoking actions taken by
the university had a positive effect on the health promotion of university students.

Key words : total smoking ban, smoking rate, university, support for quitting smoking
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