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Abstract.	 [Purpose] To analyze the electrophysiological characteristics of diabetic sensorimotor polyneuropathy 
(DSPN), also known as DPN, and to determine sensitive indicators of the disease using sensory nerve conduction 
studies (SNCSs). [Methods] SNCSs of the median, ulnar, and sural nerve were performed on 120 patients diagnosed 
with DSPN and compared with those of 77 healthy controls. We performed analysis to detect abnormal conduction 
velocities and the distal amplitude of the compound nerve action potential (CNAP). In addition, we determined the 
optimal cut-off values for the diagnosis of DSPN. [Results] More severe abnormal nerve conduction was found in 
the lower limbs than in the upper limbs. The severity of the abnormal nerve conduction was more apparent in the 
distal CNAP amplitude than in the conduction velocity. [Conclusion] Our findings suggest that SNCSs of the lower 
limb nerve seem to be more sensitive at detecting DSPN than SNCSs of the upper limb. In particular, the sural nerve 
is the best indicator for the early detection of DSPN.
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INTRODUCTION

Diabetic sensorimotor polyneuropathy (DSPN) is a 
slowly progressive disorder and the most common compli-
cation of chronic diabetes mellitus1–6). The pathophysiology 
of DSPN is multifactorial and involves genetic, environ-
mental, behavioral, metabolic, neurotrophic, and vascular 
factors2,6). DSPN can affect any part of the nervous system. 
This nerve disorder, which is usually considered to appear 
in the late stages of diabetes mellitus, has a negative 
influence on both morbidity and quality of life7–11). The 
incidence and prevalence of DSPN is showing a steady 
upward trend worldwide7,12). Early diagnosis of the disease 
is very important for effective management. The diagnosis 
of DSPN is associated with specific clinical symptoms and 
signs and is detected via nerve conduction studies (NCSs), 
the quantitative sensory test, and the quantitative autonomic 
test2,8,13). A NCS is one of the most sensitive tests because it 
can detect DSPN prior to the occurrence of clinical 
symptoms and it is widely considered as an excellent test 
even in the prognostic assessment of the disease through 
follow-up study14–16). NCSs can be divided into motor, 
sensory, mixed, and late response (H-reflex and F-wave) 
tests through which the function of the peripheral nerves 
can be assessed objectively and quantitatively17–21). Sensory 
NCSs (SNCSs) are usually used in the early detection of 
subclinical diabetes or in the differential diagnosis and 

screening of DSPN22,23), because the sensory nerves are 
generally damaged prior to motor nerve damage of the 
peripheral nerves24–26).

With the aim of detecting the most sensitive indicator for 
the early diagnosis of DSPN, this study searched the main 
electrophysiological characteristics of DSPN using compar-
ative analysis of the results of SNCSs with a control group. 
In contrast to earlier studies, this study analyzed the severity 
of neuropathy through stepwise analysis of major param-
eters of SNCS and abnormal manifestations of the segment. 
Then, we determined the most sensitive indicator for the 
early diagnosis of DSPN. In addition, this study aimed to 
derive electrophysiological reference values for SNCSs, 
which could aid the early diagnosis and early prevention of 
DSPN by yielding a cut-off value of DSPN.

SUBJECTS AND METHODS

We studied diabetic patients (n=120), diagnosed via 
hematological examinations, with signs and symptoms of 
diabetic neuropathy including paresthesia, weakening of 
muscular strength, and loss of tendon reflexes. The control 
subjects (n=77) were diagnosed as normal in NCSs and had 
no other medical history of diabetes or clinical signs or 
symptoms.

For the SNCSs, the median nerve and the ulnar nerve of 
the upper limb were examined by segment; the sural nerve 
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of the lower limb was also examined. For each patient, both 
the upper limbs and one lower limb were examined or one 
upper limb and both lower limbs were examined. The 
nature of the tests, including the electrical stimulation, was 
explained to each patient, and great care was taken to 
ensure that the patients were in a comfortable posture. The 
amplitude of the compound nerve action potential (CNAP), 
also called the sensory nerve action potential (SNAP), and 
the sensory nerve conduction velocity (SNCV) obtained by 
the signal averaging techniques were analyzed by segment. 
The distal CNAP amplitude was determined by measuring 
the amplitude from the negative peak to the positive peak 
and expressed in microvolts. The SNCV (m/sec) was 
measured using the peak latency. The median nerve and the 
ulnar nerve were examined using orthodromic methods, and 
the sural nerve was assessed using antidromic methods. All 
of the patients were studied using the same electromyog-
raphy (EMG) unit. The NCSs were performed using 
standard EMG equipment (Nicolet, U.S.A, Viking IV). 
Round attachment type surface 20-mm electrodes were 
used, and the measurements were based on Oh’s method 
and reference values27). We used a band-pass filter of 20 Hz 
~ 3 KHz, a sweep speed of 1 msec, and a sensitivity of 
20 μV.

Three categories of abnormal manifestations of the distal 
CNAP amplitude were analyzed: any abnormality, abnor-
malities > 10%, and abnormalities >50%. The data were 
compared with the normal reference value for SNCS. The 
median and ulnar nerve CNAPs were based on the distal 
CNAP amplitude, which was obtained from subjects wrists 
by stimulating the fingers of the last terminal segment. The 
mean ± SD of the distal CNAP amplitude of three evoked 
CNAPs was calculated. The mean ± SD of the SNCV by 
segment type was analyzed for each SNCS. The abnormal 
manifestations of the median and ulnar nerves were 
analyzed in three categories: any abnormality, abnormalities 
>10%, and abnormalities >50%. The data were compared 
with the normal reference value of SNCV. The median and 
ulnar nerve SNCVs were based on the distal SNCV (finger 
- wrist segment). The rate at which the CNAP was not 
evoked was analyzed for each sensory nerve type. The 
CNAP frequency was compared with that of nerves without 
left-right distinction, and the CNAP standard that did not 
show an evoked potential was regarded as the distal CNAP. 
The reference value that separated the two groups was 
determined by the type of nerve and the parameter using 
comparative results of all of the measurements of the 
control and the DSPN groups.

The results of the SNCSs were analyzed using the SAS 
9.1 for Windows, and statistical significance was accepted 
at values less than 0.05. The Chi-square test was used to 
determine the cut-off value. The Chi-square test or Fisher’s 
exact test was used to determine the statistical significance 
of the frequency of abnormal manifestations and of the no 
potential by the parameter types of a sensory nerve.

RESULTS

The number and type of nerves studied for the control 
group and the DSPN group are shown in Table 1. The 

control group comprised 40 males and 37 females (mean 
age: 48.4 ± 13.0), and the DSPN group comprised 71 men 
and 49 women (mean age: 59.6 ± 11.7). There were statisti-
cally significant differences between the DSPN and control 
groups for all of the distal CNAP amplitudes (Table 2). In 
particular, there was tendency for the ulnar and sural nerve 
values to be higher than that of median nerve in an 
abnormal finding. Similarly, the mean value of the distal 
CNAP amplitude of the median nerve in the DSPN group 
was 14.7 ± 10.7 μV, which was higher than the normal 
reference value for the median nerve and different from that 
recorded for the ulnar and sural nerves (Table 4). The 
abnormal manifestations were then compared by the type of 
nerve and stage of SNCV in a distal segment (finger to 
wrist) (Table 3). The results revealed significant differences 
between the DSPN and control groups for all of the nerves, 
except for abnormal values greater than 50% of the ulnar 
nerve. In particular, there was a clear difference in the 
values for the sural nerve between the DSPN group and the 
control group in all three categories of abnormality 
(p<0.0001). The mean value of the SNCV of the distal 
segment of the median nerve in the DSPN group was 33.7 ± 
10.4 m/s, which is remarkably lower than the normal 
reference value of the proximal segment (Table 4). The 
mean value of the SNCV in the DSPN group was noticeably 
low when compared with the normal reference value for the 
same segment of the ulnar nerve. The distal CNAP was not 
evoked in fewer than 5% of sensory nerves of the upper 
limb in the DSPN group, but there was no statistically 
significant difference from the control group. In contrast, 
there was a clear difference from the control group for the 
sural nerve in the DSPN group (Table 5). The cut-off value 
was determined by comparing the type of nerves and the 
major parameters of the control and DSPN groups. The 
cut-off values for the distal CNAP and conduction velocity 
between the fingers and the wrist were 24.5 μV and 44 m/
sec, respectively, for the median nerve and 12.0 μV and 42 
m/sec, respectively, for the ulnar nerve. The cut-off values 
for the distal CNAP and conduction velocity of the sural 
nerve were 9.0 μV and 37 m/sec, respectively.

DISCUSSION

DSPN, which is a representative type of diabetes compli-
cation and also the most common systemic polyneuropathy, 
can be diagnosed using an electrophysiological test. It is 
well known that neuropathy is present prior to the 
appearance of clinical symptoms28). Therefore, early 
diagnosis is considered to be very important, and there has 
been much research on electrodiagnostic testing. To inves-

Table 1.	 Demographic data of control and DSPN groups
Sensory nerve	 Control (n)	 DSPN (n)
Median	 91	 149
Ulnar	 89	 125
Sural	 132	 226

Both upper limbs and one lower limb or one upper limb and 
both lower limbs of subjects were measured. DSPN, diabetic 
sensorimotor polyneuropathy.



141

tigate the main electrophysiological characteristics of 
DSPN, we analyzed abnormal manifestations by stage 
based on type of major parameter and segment of SNCS for 
different sensory nerves. We then analyzed the severity of 
the neuropathy and also attempted to detect a sensitive 
indicator for the diagnosis of DSPN. Moreover, we aimed 
to identify a cut-off value that could be used as an electro-
physiological reference value in SNCSs for the early 
diagnosis of DSPN. The results of the abnormal manifesta-
tions by stage in the SNCSs are shown in Tables 2 and 3. 
There was clear evidence of the manifestation of systemic 
polyneuropathy, which had invaded the entire upper and 
lower limbs. The DSPN group showed significant differ-
ences from the control group for all the nerves. In particular, 
the amplitude of the distal CNAP (Table 2) and the SNCV 
(Table 3) of all of the nerves in the DSPN group differed 
significantly (p<0.05~p<0.0001) from the normal reference 
value. This finding implies that SNCSs can play a role in 
the differential diagnosis of the DSPN. A stepwise analysis 
of the abnormal manifestations attempted to identify the 
electrophysiological features of DSPN. The analysis shows 
that a decrease in the amplitude of the distal CNAP strongly 
points to diabetic neuropathy (p<0.0001), in all of the 
stages. The invasion of the lower limb was greater than that 

of upper limb. A major difference in SNCV (p<0.0001) was 
observed only in the sural nerve of the lower limb. In 
addition, no significant difference was found between the 
DSPN and control groups for the nerves of the upper limb 
with no potential (Table 5); a significant difference was 
found only for the sural nerve. Based on the results of the 
analysis of the electrophysiological features of DSPN, it 
appears that the nerves of the lower limb, rather than those 
of the upper limb, are more likely to be damaged. In 
addition, the findings suggest that the distal CNAP 
amplitude could be regarded as a slightly more sensitive 
indicator of DSPN than nerve conduction velocities in 
SNCSs. The sural nerve, therefore, appears to be a useful 
indicator for the early diagnosis of DSPN.

Table 2.	 Comparison of the electrophysiological characteristics 
of the distal compound nerve action potential 
amplitude.

Sensory nerve	 EOA	 Control (%)	 DSPN (%)
	 abn.	 91/0 (0%)	 149/55† (36.9%)
Median	 > 10%	 91/0 (0%)	 149/52†(34.9%)
	 > 50%	 91/0 (0%)	 149/32† (21.5%)
	 abn.	 89/1 (1.1%)	 125/81† (64.8%)
Ulnar	 > 10%	 89/1 (1.1%)	 125/73† (58.4%)
	 > 50%	 89/1 (1.1%)	 125/32† (25.6%)
	 abn.	 132/3 (2.3%)	 226/149† (65.9%)
Sural	 > 10%	 132/3 (2.3%)	 226/139† (61.5%)
	 > 50%	 132/3 (2.3%)	 226/83† (36.7%)

EOA, Extent Of Abnormality from reference value. abn, abnormal; 
DSPN, diabetic sensorimotor polyneuropathy. †p<0.0001.

Table 3.	 Comparison of the electrophysiological characteristics 
of the conduction velocity of the finger to wrist 
segment.

Sensory nerve	 EOA	 Control (%)	 DSPN (%)
	 abn.	 91/4 (4.4%)	 149/116† (77.9%)
Median	 > 10%	 91/0 (0%)	 149/81† (54.4%)
	 > 50%	 91/0 (0%)	 149/11* (7.4%)
	 abn.	 89/0 (0%)	 125/76† (60.8%)
Ulnar	 > 10%	 89/0 (0%)	 125/21‡ (16.8%)
	 > 50%	 89/0 (0%)	 125/6 (4.8%)
	 abn.	 132/2 (1.5%)	 226/124† (54.9%)
Sural	 > 10%	 132/0 (0%)	 226/75† (33.2%)
	 > 50%	 132/0 (0%)	 226/36† (15.9%)

EOA, Extent Of Abnormality from reference value. abn, abnormal; 
DSPN, diabetic sensorimotor polyneuropathy. * p<0.05, ‡ p=0.0001, 
† p<0.0001. 

Table 4.	 Comparison of the sensory and mixed nerve conduction study data of the control and 
DSPN groups

Parameter		  Normal value	 Control	 DSPN
	 dCNAP Amp.	 10 <	 42.5 ± 16.8	 14.7 ± 10.7
	 SNCV (F-W)	 41.26 <	 47.4 ± 3.6	 33.7 ± 10.4Median sensory nerve	 SNCV (W-E)	 49.39 <	 55.1 ± 3.3	 47.2 ± 5.3
	 SNCV (E-Ax)	 53.95 <	 58.4 ± 3.5	 51.3 ± 4.0
	 dCNAP Amp.	 10 <	 24.0 ± 1.0	 8.7 ± 6.0
	 SNCV (F-W)	 39.26 <	 46.4 ± 3.1	 37.2 ± 9.3Ulnar sensory nerve	 SNCV (W-E)	 47.46 <	 56.2 ± 3.3	 47.0 ± 5.9
	 SNCV (E-Ax)	 48.18 <	 56.5 ± 3.9	 47.8 ± 6.6
	 CNAP Amp.	 6 <	 19.2 ± 8.1	 5.2 ± 4.8Sural nerve	 SNCV	 34.68 <	 42.6 ± 3.2	 29.5 ± 13.5

Mean ± SD. dCNAP, distal compound nerve action potential; Amp., amplitude (µV); SNCV, sensory 
nerve conduction velocity (m/sec); F-W, finger to wrist segment; W-E, wrist to elbow segment; E-Ax, 
elbow to axilla segment.

Table 5.	 Comparison of the No potential frequency 
between the control and the DSPN groups

Sensory nerve	 Control (%)	 DSPN (%)
Median	 91/0 (0%)	 149/8  (5.4%)
Ulnar	 89/0 (0%)	 125/5  (4.0%)
Sural	 132/0 (0%)	 226/36† (15.9%)

DSPN, diabetic sensorimotor polyneuropathy. † p<0.0001.



142 J. Phys. Ther. Sci. Vol. 24, No. 1, 2012

The results also show that the mean value of the distal 
segment (finger to wrist) of the median nerve was 
remarkably low compared with the normal reference value 
for the proximal segment or in the same segment of the 
ulnar nerve in a mean value analysis of the SNCV (Table 4). 
This finding appears to be due to carpal tunnel syndrome 
(CTS), which selectively invaded only the median nerve. 
Previous work has suggested that the median nerve could 
serve as an important indicator in electrophysiological 
analyses of DSPN29). However, other studies have reported 
that the criterion of median NCS should not be included as 
an electrophysiological indicator of DSPN because of the 
effects of CTS30,31). The cut-off value determined for the 
distal CNAP amplitude and the SNCV was somewhat strict 
compared with the existing normal reference values. 
However, there was a definite difference from a value 
quantitatively measured in a normal person. There is a need 
for more research on the values of patients who already 
have symptoms.

Full consideration should be given to the verification of 
the testing procedure and methodology, namely, the strength 
of electrical stimulation, the exact measurement of the inter-
electrode distance, subjects’ temperature and skin 
resistance, and the equipment setting. It is important that 
the electrophysiological function of the peripheral nerve is 
quantified and evaluated in the follow-up and the prognosis 
of patients.

REFERENCES

  1)	 Bird SJ, Brown MJ, Spino C, et al.: Value of repeated measures of nerve 

conduction and quantitative sensory testing in a diabetic neuropathy trial. 

Muscle Nerve, 2006, 34: 214–224.

  2)	 Perkins BA, Bril V: Diabetic neuropathy: a review emphasizing diagnostic 

methods. Clin Neurophysiol, 2003, 114: 1167–1175.

  3)	 Chudzik W, Kaczorowska B, Przybyla M, et al.: Diabetic neuropathy. Pol 

Merkur Lekarski, 2007, 22: 66–69.

  4)	 Aring AM, Jones DE, Falko JM: Evaluation and prevention of diabetic 

neuropathy. Am Fam Physician, 2005, 71: 2123–2128.

  5)	 Fioretti S, Scocco M, Ladislao L, et al.: Identification of peripheral 

neuropathy in type-2 diabetic subjects by static posturography and linear 

discriminant analysis. Gait Posture, 2010, 32: 317–320.

  6)	 Tracy JA, Dyck PJ: The spectrum of diabetic neuropathies. Phys Med 

Rehabil Clin N Am, 2008, 19: 1–26.

  7)	 Kles KA, Bril V: Diagnostic tools for diabetic sensorimotor polyneuropathy. 

Curr Diabetes Rev, 2006, 2: 353–361.

  8)	 Spallone V, Morganti R, D’Amato C, et al.: Clinical correlates of painful 

diabetic neuropathy and relationship of neuropathic pain with sensorimotor 

and autonomic nerve function. Eur J Pain, 2011, 15: 153–160.

  9)	 Van Acker K, Bouhassira D, De Bacquer D, et al.: Prevalence and impact on 

quality of life of peripheral neuropathy with or without neuropathic pain in 

type 1 and type 2 diabetic patients attending hospital out- patients clinics. 

Diabetes Metab, 2009, 35: 206–213.

10)	 Rota E, Quadri R, Fanti E, et al.: Electrophysiological findings of peripheral 

neuropathy in newly diagnosed type II diabetes mellitus. J Peripher Nerv 

Syst, 2005, 10: 348–353.

11)	 Kles KA, Vinik AI: Pathophysiology and treatment of diabetic peripheral 

neuropathy: the case for diabetic neurovascular function as an essential 

component. Curr Diabetes Rev, 2006, 2: 131–145.

12)	 Horowitz SH: Recent clinical advances in diabetic polyneuropathy. Curr 

Opin Anaesthesiol, 2006, 19: 573–578.

13)	 Kempler P: Clinical presentation and diagnosis of diabetic neuropathy. Orv 

Hetil, 2002, 143: 1113- 1120.

14)	 Uluc K, Isak B, Borucu D, et al.: Medial plantar and dorsal sural nerve 

conduction studies increase the sensitivity in the detection of neuropathy in 

diabetic patients. Clin Neurophysiol, 2008, 119: 880–885.

15)	 Dyck PJ, O’Brien PC, Litchy WJ, et al.: Monotonicity of nerve tests in 

diabetes: subclinical nerve dysfunction precedes diagnosis of polyneu-

ropathy. Diabetes Care, 2005, 28: 2192–2200.

16)	 Charles M, Soedamah-Muthu SS, Tesfaye S, et al.: Low peripheral nerve 

conduction velocities and amplitudes are strongly related to diabetic micro-

vascular complications in type 1 diabetes: the EURODIAB Prospective 

Complications Study. Diabetes Care, 2010, 33: 2648- 2653.

17)	 Kohara N, Kimura J, Kaji R, et al.: F-wave latency serves as the most repro-

ducible measure in nerve conduction studies of diabetic polyneuropathy: 

multicentre analysis in healthy subjects and patients with diabetic polyneu-

ropathy. Diabetologia, 2000, 43: 915- 921.

18)	 Bagai K, Wilson JR, Khanna M, et al.: Electrophysiological patterns of 

diabetic polyneuropathy. Electromyogr Clin Neurophysiol, 2008, 48: 

139–145.

19)	 Franssen H, van den Bergh PY: Nerve conduction studies in polyneu-

ropathy: practical physiology and patterns of abnormality. Acta Neurol Belg, 

2006, 106: 73–81.

20)	 Kong X, Lesser EA, Megerian JT, et al.: Repeatability of nerve conduction 

measurements using automation. J Clin Monit Comput, 2006, 20: 405–410.

21)	 Shin TM, Bril V, Orszag A, et al.: How sensitive is the case definition for 

diabetic sensorimotor polyneuropathy to the use of different symptoms, 

signs, and nerve conduction parameters in type 1 diabetes?. Diabetes Res 

Clin Pract, 2011, 92: e16–e19.

22)	 Singleton JR: Evaluation and treatment of painful peripheral polyneu-

ropathy. Semin Neurol, 2005, 25: 185–195.

23)	 Oh SJ, Melo AC, Lee DK, et al.: Large-fiber neuropathy in distal sensory 

neuropathy with normal routine nerve conduction. Neurology, 2001, 56: 

1570–1572.

24)	 Noël P: Sensory nerve conduction in the upper limbs at various stages of 

diabetic neuropathy. J Neurol Neuro- surg Psychiatry, 1973, 36: 786–796.

25)	 Park KS, Lee SH, Lee KW, et al.: Interdigital nerve conduction study of the 

foot for an early detection of diabetic sensory polyneuropathy. Clin Neuro-

physiol, 2003, 114: 894–897.

26)	 Lo YL, Xu LQ, Leoh TH, et al.: Superficial peroneal sensory and sural 

nerve conduction studies in peripheral neuropathy. J Clin Neurosci, 2006, 

13: 547- 549.

27)	 Oh SJ: Clinical electromyography. Nerve conduction studies, 3rd edition. 

Philadelphia: Lippincott Williams & Wilkins, 2003, pp 86–135.

28)	 Dyck PJ, Karnes JL, Daube J, et al.: Clinical and neuropathological criteria 

for the diagnosis and staging of diabetic polyneuropathy. Brain, 1985, 108:  

861–880.

29)	 Celiker R, Basgöze O, Bayraktar M: Early detection of neurological 

involvement in diabetes mellitus. Electro- myogr Clin Neurophysiol, 1996, 

36: 29–35.

30)	 Dyck PJ, Karnes JL, O’Brien PC, et al.: The Rochester Diabetic Neuropathy 

Study: reassessment of tests and criteria for diagnosis and staged severity. 

Neurology, 1992, 42: 1164–1170.

31)	 Felsenthal G, McIvor ME: Reappraisal of the electroneurographic and 

electromyographic diagnosis of diabetic peripheral neuropathy. Am J Phys 

Med, 1984, 63: 278–288.


