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Peripheral neuropathy is the most com-
mon complication of type 2 diabetes,
occurs in the distal extremities, and

typically affects the sensory, motor, and auto-
nomic systems (1,2). In diabetic patients,
c h ronic hyperglycemia can produce neuro-
pathic changes that affect peripheral nerv e
function and produce extremity pain (3,4).
The persistence of these painful symptoms
can interf e re with the patient’s physical activ-
ity and sleep pattern .

Conventional pharmacotherapy for
painful diabetic neuropathy remains larg e l y
symptomatic. Analgesics, tricyclic antide-
p ressants, and anticonvulsants are the
mainstays of therapy (5). Nonpharm a c o-
logical therapies such as transcutaneous
electrical nerve stimulation (TENS) (6),
a c u p u n c t u re (7), and spinal cord stimula-
tion (8) have also been used successfully to
alleviate the pain and discomfort associated
with peripheral neuro p a t h y. Perc u t a n e o u s
electrical nerve stimulation (PENS) is a
novel electroanalgesic therapy that com-
bines the advantages of both TENS and
e l e c t ro a c u p u n c t u re by using perc u t a-
neously placed disposable acupuncture -
like needle probes to stimulate peripheral
s e n s o ry nerves innervating the region of
n e u ropathic pain. This therapy has re c e n t l y
been re p o rted to be highly effective in the
s h o rt - t e rm management of a wide variety of
acute and chronic pain syndromes (9–13).

The present randomized sham-con-
t rolled crossover study was designed to eval-
uate the effectiveness of PENS therapy in
diabetic patients with peripheral neuro-
pathic pain. In addition to examining the
acute analgesic effects of PENS, changes in
physical activity, quality of sleep, and
re q u i rements for analgesic medication were
examined during a 3-week treatment period.

RESEARCH DESIGN AND 
M E T H O D S

Study patients
After local institutional review board
a p p roval and after patients gave their written
i n f o rmed consent, 50 adult diabetic patients
(28 women and 22 men), ranging in age
f rom 34 to 71 years (means ± SD 55 ± 9
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P e rcutaneous Electrical Nerv e
S t i m u l a t i o n
A novel analgesic therapy for diabetic neuropathic pain

O R I G I N A L  A R T I C L E

O B J E C T I V E — To evaluate the use of percutaneous electrical nerve stimulation (PENS) in
the management of patients with painful diabetic peripheral neuro p a t h y.

RESEARCH DESIGN AND METHODS — A total of 50 adult patients with type 2 dia-
betes and peripheral neuropathic pain of 6 months duration involving the lower extre m i t i e s
w e re randomly assigned to receive active PENS (needles with electrical stimulation at an alter-
nating frequency of 15 and 30 Hz) and sham (needles only) treatments for 3 weeks. Each series
of treatments was administered for 30 min three times a week according to a standardized pro-
tocol. After a 1-week washout period, all patients were subsequently switched to the other
m o d a l i t y. A 10-cm visual analog scale (VAS) was used to assess pain, physical activity, and qual-
ity of sleep before each session. The changes in VAS scores and daily re q u i rements for oral anal-
gesic medication were determined during each 3-week treatment period. Patients completed
the MOS 36-Item Short - F o rm Health Survey (SF-36), the Beck Depression Inventory (BDI),
and the Profile of Mood States (POMS) before and after completion of each treatment modal-
i t y. At the end of the crossover study, a patient pre f e rence questionnaire was used to compare
the effectiveness of the two modalities.

R E S U LT S — C o m p a red with the pain VAS scores before active (6.2 ± 1.0) and sham (6.4 ±
0.9) treatments, pain scores after treatment were reduced to 2.5 ± 0.8 and 6.3 ± 1.1, re s p e c t i v e l y.
With active PENS treatment, the VAS activity and sleep scores were significantly improved fro m
5.2 ± 1.0 and 5.8 ± 1.3 to 7.9 ± 1.0 and 8.3 ± 0.7, re s p e c t i v e l y. The VAS scores for pain, activ-
i t y, and sleep were unchanged from baseline values after the sham treatments. Patients’ daily
oral nonopioid analgesic re q u i rements decreased by 49 and 14% after active and sham PENS
t reatments, re s p e c t i v e l y. The post-treatment physical and mental components of the SF-36, the
BDI, and the POMS all showed a significantly greater improvement with active versus sham
t reatments. Active PENS treatment improved the neuropathic pain symptoms in all patients.

C O N C L U S I O N S — PENS is a useful nonpharmacological therapeutic modality for tre a t i n g
diabetic neuropathic pain. In addition to decreasing extremity pain, PENS therapy impro v e d
physical activity, sense of well-being, and quality of sleep while reducing the need for oral nono-
pioid analgesic medication.
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years) and in body weight from 46 to 113 kg
(70 ± 17 kg) were enrolled in this sham-con-
t rolled investigator-blinded crossover study.
The patients had longstanding type 2 dia-
betes associated with painful peripheral neu-
ropathic symptoms of 6 months (18 ± 7)
duration involving both lower extre m i t i e s .
The study patients were re f e rred from the
diabetes clinic with a diagnosis of peripheral
n e u ropathy confirmed by an abnorm a l
n e rve conduction study. These patients com-
plained of burning pain with paresthesia in
both legs. Neurological examination of the
patients revealed sensory abnormalities in

both lower extremities. Exclusion criteria
included pre g n a n c y, cardiac arrhythmias or
c a rdiac pacemakers, infection or gangre n e ,
h i s t o ry of vascular insufficiency in the legs,
d rug or alcohol abuse, psychiatric disease,
major organ disease, radicular pain (sciat-
ica), psychiatric disease, and inability to
complete the psychological assessment
f o rms re l i a b l y. Patients receiving stero i d s ,
dilantin, or chemotherapeutic agents were
also excluded. All patients were stable
re g a rding control of their diabetes, and their
medical management was unchanged dur-
ing the study period. The patients were

i n s t ructed to use their current nonopioid
analgesic medications on an as-needed basis.

Study design
The patients were randomly assigned to
receive active PENS (needles with electrical
stimulation) or sham PENS tre a t m e n t
(needles only). The crossover study design
mandated a 1-week re c o v e ry (washout)
period after completing the initial series of
t reatments. The protocol also stipulated 30
min of active or sham electrical stimulation
t reatment three times a week for 3 consec-
utive weeks. Each treatment session
re q u i red placement of 10 32-gauge (0.2-
mm) stainless steel acupuncture-like needle
p robes (ITO, Tokyo, Japan) to a depth of
1–3 cm into the soft tissue and/or muscle in
the leg and foot bilaterally as illustrated in
Fig. 1A–C. The 10 needle probes were con-
nected to five bipolar leads from an inves-
tigational (i.e., not approved by the U.S.
Food and Drug Administration) low-out-
put electrical generator. These probes were
stimulated at alternating frequencies of 15
and 30 Hz every 3 s or at 0 Hz for the active
and sham treatments, re s p e c t i v e l y. The gen-
erator produced a maximum of 25 m
a m p h e res electrical stimulation with a
biphasic square-wave pattern and a pulse
width of 0.5 ms in a continuous duty cycle.
The intensity of the electrical stimulation
was adjusted to the highest tolerable level
without producing muscle contractions.

B e f o re initiating either tre a t m e n t
m o d a l i t y, patients completed a baseline
psychological assessment. Both the Physical
Component Summary (PCS) and the Men-
tal Component Summary (MCS) scores of
the MOS 36-Item Short - F o rm Health Sur-
vey (SF-36) (14) were determined 24 h
b e f o re the first treatment and were re p e a t e d
48 h after completing the 3-week tre a t-
ment session with each modality. The Beck
D e p ression Inventory (BDI) (15) and the
P rofile of Mood Status (POMS) (16) were
also administered at these same three time
points. As a result of questionnaire com-
pletion problems, only 46 BDI and 44
POMS tests were analyzed. For all other
m e a s u res, data from all 50 subjects were
analyzed. Before the first treatment session,
all patients were asked to re c o rd their base-
line levels of pain, physical activity, and
quality of sleep by using three separate 10-cm
visual analog scales (VASs), where 0 = min-
imal (lowest) and 10 = maximal (highest).
In addition, each patient was asked to
re c o rd the number of doses of oral anal-
gesic medication taken each day. Repeat

Figure 1—The needle locations for each pair of positive ( ) and negative ( ) lead. A total of 10 needles
w e re connected to five sets of leads.



VAS assessments of pain, activity, and sleep
w e re perf o rmed before each treatment ses-
sion, after each week of treatment, and
again at the end of the 3-week tre a t m e n t
period with each modality. Daily oral anal-
gesic re q u i rements were re c o rded in the
p a t i e n t ’s diary. At 24 h after the final tre a t-
ment session, each patient completed a
q u e s t i o n n a i re assessing the relative eff e c-
tiveness of the two treatment modalities.

Statistical analysis
The NCSS software package (Version 6.0.1
for Windows, Kaysville, UT) was used for
all statistical analyses. An a priori power
analysis with = 0.05 and = 0.10 (power
= 90%) determined that a group size of 40
should be adequate to demonstrate a 25%
change in the VAS pain scores between the
two treatment modalities. The changes in
the VAS scores and oral analgesic medica-
tions over time were analyzed by using
repeated measures of analyses of variance
and Student’s t test. Analysis of discrete data
was perf o rmed by using the 2 t e s t .
Changes and diff e rences in the psychologi-
cal assessment were analyzed by using t
tests. Data are means ± SD and perc e n t a g e s ,
and P values 0.05 were considered statis-
tically significant.

R E S U LT S — The demographic charac-
teristics and treatment effects after the ini-
tial 3-week study period are summarized in
Table 1. The post-treatment VAS scores for
e x t remity pain, physical activity, and qual-
ity of sleep were significantly impro v e d
after each week of PENS treatment com-
p a red with baseline values (P 0.05), but
no significant changes were evident after
the sham treatments (Table 1). The overall
p e rcentage reduction in pain after the
3 -week treatment with active PENS (56 ±
17%) was significantly greater than with
sham (14 ± 11%) treatments (Table 2).
S i m i l a r l y, the overall average perc e n t a g e
i n c reases in physical activity and quality of
sleep were also significantly higher after
active PENS (48 ± 19 and 41 ± 22%,
respectively) compared with sham tre a t-
ments (13 ± 16 and 11 ± 13%, re s p e c-
tively) (P 0.05). More o v e r, a cumulative
e ffect of PENS therapy was noted during
the course of the 3-week treatment block.

Evaluation of pre t reatment SF-36 val-
ues suggested that the study population
had significantly lower health-related score s
c o m p a red with the general population. The
p restudy scores were 31.2 ± 7.3 and 41 ±
5.8 for the PCS and MCS, re s p e c t i v e l y, com-

p a red with the general population norm of
50. With PENS therapy, the SF-36 score s
w e re significantly improved compared with
the prestudy scores for both the PCS (36.8
± 6.7) and MCS (43.9 ± 5.6) components
(P 0.01). Although the sham tre a t m e n t s
also produced an improvement in the
S F - 3 6 re g a rding both PCS (32.4 ± 7.5) and
MCS (42 ± 5.5) scores (P 0.05), the eff e c t
was significantly less than with active PENS
therapy (P 0 . 0 5 ) .

Analysis of the pre t reatment BDI score s
indicated that the study population had a
mean depression level of 30.2 ± 11.6,
which reflects a severe level of depre s s i o n .
The post-PENS treatment BDI score s
revealed a significant improvement in the
level of depression (8.1 ± 4.6) relative to the
p re t reatment score (P 0.01). Although
the post-sham treatment BDI score was
also significantly decreased compared with
the prestudy baseline value (20.7 ± 8.2),

this level is still in the moderately depre s s e d
range. Finally, a comparative analysis
revealed that the decrease in the BDI score s
was significantly greater after PENS versus
sham treatments (P 0 0 1 ) .

The overall results of the POMS evalu-
ation are summarized in Table 3. A multi-
variate analysis of variance revealed a
significant multivariate effect (Hotelling’s
T2 revealed P 0.01) that justified uni-
variate analyses of the individual POMS
m e a s u res. These t tests revealed that, re l a-
tive to pre t reatment values, the postactive
and post-sham PENS treatments displayed
significant improvement on all POMS mea-
s u res except for the vigor activity measure .
M o re import a n t l y, the postactive PENS
t reatment was associated with gre a t e r
d e c reases on all POMS measures relative to
the post-sham treatment (P 0 . 0 5 ) .

In addition to its salutary analgesic
e ffects, active PENS treatments significantly
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Table 1—Demographic characteristics and effects of sham and active PENS treatments on VA S s
for pain, activity, and sleep and on oral nonopioid analgesic intake after each week of the initial
3-week treatment block (before crossover to the second modality)

P E N S

S h a m A c t i v e

n 2 5 2 5
Age (years) 54 ± 9 56 ± 8
Weight (kg) 70 ± 16 68 ± 19
Duration of diabetes (years) 9 ± 2 10 ± 3
Duration of symptomatic 17 ± 6 19 ± 8
n e u ropathy (months)

Pain score (cm)*
B a s e l i n e 6.4 ± 0.9 6.2 ± 1.0
Week 1 5.9 ± 1.1 3.6 ± 1.2†‡
Week 2 6.1 ± 1.2 3.3 ± 1.1†‡
Week 3 6.3 ± 1.1 2.5 ± 0.9†‡§

Activity score (cm)*
B a s e l i n e 5.3 ± 0.9 5.2 ± 1.0
Week 1 5.7 ± 1.0 6.4 ± 0.8†‡
Week 2 5.9 ± 1.1 6.8 ± 0.9†‡
Week 3 6.0 ± 1.1 7.9 ± 1.0†‡§

Sleep score (cm)*
B a s e l i n e 6.0 ± 1.5 5.8 ± 1.3
Week 1 6.9 ± 1.2 7.5 ± 0.9†‡
Week 2 6.7 ± 1.3 7.8 ± 0.8†‡
Week 3 6.6 ± 1.3 8.3 ± 0.7†‡§

Oral analgesics (pills/day)
B a s e l i n e 3.1 ± 1.1 3.3 ± 1.3
Week 1 2.8 ± 0.9 2.2 ± 0.9†‡
Week 2 2.7 ± 1.0 2.0 ± 0.8†‡
Week 3 2.9 ± 0.8 1.3 ± 0.6†‡§

Data are n or means ± SD. *VASs (0 = minimal [lowest] to 10 = maximal [highest]); †significantly diff e rent fro m
the baseline (P 0.05); ‡significantly diff e rent from sham (P 0.05); §significantly diff e rent from week 1
(P 0.05); significantly diff e rent from week 2 (P 0 . 0 5 ) .



d e c reased the need for daily oral (nonopi-
oid) analgesic medication during each of
the 1st, 2nd, and 3rd weeks of tre a t m e n t
(P 0.05), whereas sham treatments pro-
duced no significant change in the patients’
use of oral analgesic medications (Fig. 2).
The overall reduction in the analgesic med-
ication re q u i rement was significantly
g reater with active (49 ± 19%) than with
sham (14 ± 10%) PENS tre a t m e n t s .

F i n a l l y, the poststudy evaluation of the
two treatment modalities revealed that
active PENS was clearly the pre f e rred ther-
apy (92%) for alleviating the pain and
numbness in the lower extremities. In addi-
tion, 88% of the patients re p o rted an
i m p roved sense of well-being after PENS
t reatment, and 92% of the patients
e x p ressed a willingness to “pay extra
money” for PENS therapy in the future. No
side effects were re p o rted with either ther-
apeutic modality.

C O N C L U S I O N S — In this pro s p e c t i v e
c rossover sham-controlled study, PENS pro-
vided highly effective short - t e rm pain re l i e f
for patients with diabetic peripheral neu-

ro p a t h y. The beneficial effects of the active
versus sham PENS treatments were re m a r k-
ably similar before and after the cro s s o v e r
t reatments were perf o rmed. However, a
c a rry-over effect was evident from the prior
PENS therapy, despite the 1-week re c o v e ry
(washout) period, as evidenced by the
lower overall baseline pain scores in the
sham group (Table 2). These findings sup-
p o rt earlier publications that described the
beneficial effects of electroanalgesic therapy
in diabetes-induced neuropathic symptoms
(6–8). In addition, the apparent cumulative
benefits of PENS therapy over time suggest
that this therapy may have long-term bene-
fits consistent with the experimental findings
of Mo et al. (17) involving electro a c u p u n c-
t u re and TENS in animals with experimen-
tal (drug-induced) diabetes and associated
n e u ropathic changes.

Although the precise mechanism of
PENS-induced analgesia is not known at
this time, it appears to be related to both
neural modulation (18) and an increase in
endogenous opioid-like substances (e.g.,
dynorphins, endorphins, enkephalins)
within the central nervous system (19).
I n t e re s t i n g l y, both Cameron et al. (20) and
Mo et al. (17), have re p o rted that periph-
eral electrical stimulation can norm a l i z e
the changes in nerve conduction velocity
when using an experimental diabetic rat
model. Walsh et al. (21) also observed a
d e c rease in nerve conduction latency and
mechanical pain threshold when TENS was
applied directly over the nerve. In addition,
clinical studies have suggested that the use
of electrotherapy in diabetic patients pro-
duces decreases in mechanical pain thre s h-
old, a local vasodilatory effect, and
enhanced wound healing (21–24).

Active PENS treatments produced sig-
nificant pain relief, increased levels of
mood and physical activity, and impro v e d

quality of sleep compared with the sham
t reatments during the course of the 3-week
t reatment period. Improvements in activity
level and sleep quality may be secondary to
i m p roved pain control with PENS therapy.
I n t e re s t i n g l y, pain relief appeared to be
maximal at the end of the 3rd week of
t reatment. However, within 1 week of the
last PENS treatment session, the pain score s
began to re t u rn to pre t reatment (baseline)
levels. These data suggest that the use of
PENS will re q u i re a maintenance tre a t m e n t
p rogram to achieve a more sustained ben-
eficial effect, which is consistent with the
findings of Kumar and Marshall (6), that
involved using TENS to treat neuro p a t h i c
pain. In the future, a randomized cro s s o v e r
study involving PENS and TENS therapies
in the management of diabetic neuro p a t h i c
pain should be perf o rm e d .

P revious studies involving the use of
PENS in patients with chronic pain syn-
d romes showed that alternating low- and
h i g h - f requency stimulation for 30–45 min
p roduced the optimal analgesic eff e c t
(25,26). There f o re, we chose to use stimulus
f requencies of 15 and 30 Hz at 30-min inter-
vals during each of the active PENS tre a t-
ment sessions. Because the natural course of
n e u ropathic symptoms is highly variable,
these data supporting the short - t e rm bene-
fits of PENS therapy must be interpre t e d
with caution. To minimize investigator and
patient bias, all assessments were perf o rm e d
by a blinded observ e r, and the patients, none
of whom had ever undergone acupuncture ,
w e re told that the needle-only (sham) tre a t-
ments re p resented an acupuncture - l i k e
t h e r a p y. Nevertheless, these pre l i m i n a ry data
clearly re q u i re validation by a follow-up
study that replicates these findings.

Although neuropathic pain is most
commonly treated with a combination of
a n t i d e p ressants, opioids, and nonopioid
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Table 2—Comparative effects of sham versus
active PENS treatments after completion of
the crossover study

P E N S

S h a m A c t i v e

Pain score (cm)
B a s e l i n e 5.2 ± 1.6 6.2 ± 1.3†
Week 1 4.6 ± 1.5 3.8 ± 1.2*
Week 2 4.6 ± 1.4 3.5 ± 1.0*
Week 3 4.8 ± 1.2 2.6 ± 0.9*‡§

Activity score (cm)
B a s e l i n e 5.9 ± 1.3 4.8 ± 1.2†
Week 1 6.4 ± 1.1 6.5± 0.8*
Week 2 6.2 ± 1.3 7.0 ± 1.0*
Week 3 6.3 ± 1.2 7.8 ± 1.1*‡§

Sleep score (cm)
B a s e l i n e 6.8 ± 1.5 5.7 ± 1.3†
Week 1 7.3 ± 1.3 7.5 ± 1.2*
Week 2 7.0 ± 1.1 7.9 ± 1.0*
Week 3 7.1 ± 1.2 8.6 ± 1.0*‡§

S c o res are for pain, physical activity, and quality of
sleep 24 h before receiving the first treatment (base-
line) and at the end of the first, second, and third
weeks of each treatment after completion of the
c rossover study. Data are means ± SD. VASs (0 = min-
imal [lowest] to 10 = maximal [highest]. *Signifi-
cantly diff e rent from the baseline (P 0 . 0 5 ) ;
†significantly diff e rent from sham baseline (P 0 . 0 5 ) ;
‡significantly diff e rent from Week 1 (P 0 . 0 5 ) ;
§significantly diff e rent from Week 2 (P 0 . 0 5 ) .

Table 3—P re t reatment (baseline) and post-treatment POMS scores for the active and sham PENS
t reatments after completion of the crossover study

B a s e l i n e After sham After active PENS

Te n s i o n - a n x i e t y 54.6 ± 7.4 50.4 ± 7.1 44.1 ± 5.6
D e p re s s i o n - d e j e c t i o n 58.6 ± 9.4 56.1 ± 10.8 47.5 ± 7.2
A n g e r- h o s t i l i t y 62.9 ± 12.2 59.3 ± 12.1 51.1 ± 9.1
Vi g o r- a c t i v i t y 53.1 ± 6.1 50.6 ± 7.7 50.9 ± 12.4
F a t i g u e - i n e rt i a 56.1 ± 6.6 51.4 ± 6.8 43.3 ± 7.1*
C o n f u s i o n - b e w i l d e rm e n t 53.5 ± 7.4 50.2 ± 8.3 44.4 ± 6.3*
Total mood disturbance 71.3 ± 32.1 57.8 ± 34.4 29.5 ± 27.6*

Data are means ± SD. *Significantly greater decrease from baseline values after active PENS (vs. sham) tre a t m e n t
(P 0 . 0 1 ) .



analgesics, gastrointestinal side effects and
excessive sedation can be problematic in
patients with diabetes (27). Analogous to
our earlier findings with PENS in chro n i c
pain conditions (10,13), these data suggest
that this form of electroanalgesia can signifi-
cantly decrease a diabetic patient’s daily oral
analgesic re q u i rements. The analgesic-spar-
ing effects of PENS may also minimize the
side effects of commonly used pharm a c o-
logical agents. 

The improvements in post-tre a t m e n t
SF-36 and mood levels (as assessed by the
BDI and POMS questionnaires) suggest that
the beneficial effects of PENS may also be
related to an antidepressant action. These
psychological data further support the clin-
ical utility of PENS as a nonpharm a c o l o g i-
cal treatment modality in this patient
population. After completing the cro s s o v e r
s t u d y, these patients also re p o rted that
PENS produced an improved sense of well-
being, and most patients expressed a will-
ingness to pay additional money (out of
pocket) to receive PENS therapy in the
f u t u re. Many of the patients have elected to
continue with PENS treatments on a less
f requent basis as part of a maintenance ther-
apy program. The need for further tre a t-
ments to maintain the beneficial effects of
PENS therapy is consistent with the find-
ings for other forms of electrotherapy in this
patient population (6,7).

The deficiencies of the study design
include: 1) the possibility of patient bias as
a result of our inability to perf o rm the study
in a double-blind fashion because we could
not “blind” the patients re g a rding the elec-
trical sensation; 2) the failure to monitor
serial blood glucose and glycated hemo-
globin levels and nerve conduction veloci-

ties; and 3) the decrease in the beneficial
e ffects of PENS over time will necessitate a
maintenance treatment program to achieve
a sustained effect. Long-term outcome
studies are needed to ascertain the cumu-
lative effects of PENS in this patient popu-
lation. Comparative studies involving
PENS and other forms of electro a n a l g e s i c
therapy (e.g., TENS, electro a c u p u n c t u re )
and interaction studies involving pharm a-
cological modalities (28) should be per-
f o rmed in the future. Although clearly less
invasive than spinal cord stimulation,
PENS is more complex than TENS.

In conclusion, PENS therapy pro d u c e s
s h o rt - t e rm pain relief; improves mood, func-
t i o n a l i t y, and quality of sleep; and decre a s e s
the oral nonopioid analgesic re q u i rements in
patients with painful peripheral diabetic
n e u ro p a t h y. However, PENS should be
viewed as a supplementary (or complemen-
t a ry) therapy rather than as an alternative to
conventional pharmacological therapy.

A c k n o w l e d g m e n t s — This work was sup-
p o rted in part by educational grants from the
A m b u l a t o ry Anesthesia Research Foundation of
Dallas (P. F. W., who serves as president of that
foundation) and from the Egyptian Consulate in
Washington, DC, which supports the fellowship
training and re s e a rch activities of M.A.H.,
E.A.G., and H.E.A. at the University of Te x a s
S o u t h w e s t e rn Medical Center at Dallas. 

The authors acknowledge the editorial con-
tributions of Dr. R.J. Gatchel, who is the advi-
sor to T. J . P.

R e f e re n c e s
1 . H a rris MH, Eastman R, Cowie C: Symptoms

of neuropathy in adults with NIDDM in the

U.S. population. Diabetes Care 1 6 : 1 4 4 6 –
1452, 1993

2 . R o b e rt M: Pro p e rties of cutaneous aff e r-
ents in diabetic neuro p a t h y. B r a i n 1 1 2 :
1359–1376, 1989

3 . G reen DA, Lattimer S, Ulbercht J, Carroll P:
Glucose-induced alterations in nerv e
metabolism: current prospective on the
pathogenesis of diabetic neuropathy and
f u t u re directions for re s e a rch and therapy.
Diabetes Care 8:290–299, 1985

4 . Sidenius P: The axonopathy of diabetic neu-
ro p a t h y. Diabetes Care 5:356–363, 1982

5 . Max MB, Lynch SA, Muir J, Shoaf SE,
Smoller B, Dubner R: Effects of desipramine,
amitriptyline and fluoxetine on pain in dia-
betic neuro p a t h y. N Engl J Med 3 2 6 : 1 2 5 0 –
1256, 1992

6 . Kumar D, Marshall H: Diabetic peripheral
n e u ropathy: amelioration of pain with tran-
scutaneous electrostimulation. D i a b e t e s
C a re 20:1702–1705, 1997

7 . Abuaisha BB, Costanzi JB, Boulton AJ:
A c u p u n c t u re for the treatment of chro n i c
painful peripheral diabetic neuropathy: a
long term study. Diabetes Res Clin Pract 3 9 :
115–121, 1998

8 . Tesfaye S, Watt J, Benbow SJ, Pang KA, Miles
J, MacFarlane IA: Electrical spinal-cord stim-
ulation for painful diabetic peripheral neu-
ro p a t h y. L a n c e t 348:1696–1701, 1996

9 . Ahmed HE, Craig WF, White PF, Ghoname
EA, Hamza MA: Percutaneous electrical
n e rve stimulation: an alternative to antiviral
d rugs for acute herpes zoster. Anesth Analg
87:911–914, 1998

1 0 . Ghoname EA, Craig WF, White PF, Ahmed
HE, Hamza MA, Henderson BN, Gajraj
NM, Huber PJ, Gatchel RJ: Perc u t a n e o u s
electrical nerve stimulation: a novel therapy
for the short - t e rm management of low back
pain. J A M A 281:818–823, 1999

1 1 . Ahmed HE, Craig WF, White PF: Perc u t a-
neous electrical nerve stimulation (PENS):
a complementary therapy for the manage-
ment of pain secondary to bony metastasis.
Clin J Pain 14:320–323, 1998

1 2 . Ghoname EA, Craig WF, White PF: Use of
p e rcutaneous electrical nerve stimulation
(PENS) for treatment of ECT- i n d u c e d
headaches. H e a d a c h e 39:502–505, 1999

1 3 . Ghoname EA, Craig WF, White PF, Ahmed
HE, Hamza MA, Noe CE: Perc u t a n e o u s
electrical nerve stimulation: an altern a t i v e
to TENS in the management of sciatica.
P a i n 83:193–199, 1999

1 4 . Wa re JE, Sherbourne CD: The MOS 36-Item
S h o rt - F o rm Health Survey (SF-36). 1. Con-
ceptual framework and item selection. M e d
C a re 30:473–483, 1992

1 5 . Beck AT, Steer RA, Garbin MG: Psychome-
tric pro p e rties of the Beck Depre s s i o n
I n v e n t o ry: twenty-five years of evaluation.
Clin Psychol Rev 8:77–100, 1988

1 6 . Peterson RA, Headen SW: Profile of Mood
States. In Test Critique. 1st ed. Keeper DJ,

DIABETES CARE, VOLUME 23, NUMBER 3, MARCH 2000 369

Hamza and Associates

Figure 2—Effect of active ( ) and sham ( ) PENS therapies on daily oral analgesic requirements
(changes in the daily intake of nonopioid analgesic medication during the 3-week treatment period).
Data are means ± SEM. *Data are significantly different from prestudy data (P 0.05).



Sweetland RC, Eds. Kansas City, MO, Te s t
Corporation of America, 1994, p. 522–529

1 7 . Mo X, Chen D, Ji C, Zhang J, Liu C, Zhu L:
E ffect of electro - a c u p u n c t u re and transcu-
taneous electric nerve stimulation on
experimental diabetes and its neuro p a t h y.
Chen Tzu Yen Chiu 3:55–59, 1996

1 8 . Watkins ES, Koeze TH: Spinal cord stimu-
lation and pain relief. B M J 307:462, 1993

1 9 . Han JS, Chen XH, Sun SL, Xu XJ, Yuan Y,
Yan SC, Hao JX, Te renius L: Effect of low
and high frequency TENS on Met-
e n k e p h a l i n - A rg-Phe and dynorphin A
i m m u n o reactivity in human lumbar CSF.
P a i n 47:295–298, 1991

2 0 . C a m e ron NE, Cotter MA, Robertson S:
N e rve function in experimental diabetes in
rats: effects of electrical stimulation. Am J
P h y s i o l 264:161–166, 1993

2 1 . Walsh DM, Foster NE, Baxter GD, Allen

JM: Transcutaneous electrical stimulation:
relevance of stimulation parameters to neu-
rophysiological hypoanalgesic effects. Am J
Phys Med Rehabil 74:199–206, 1995

2 2 . Ashton H, Golding JF, Marsh VR, Thomp-
son JW: Effects of transcutaneous electrical
n e rve stimulation and aspirin on late
s o m a t o s e n s o ry evoked potentials in norm a l
subjects. P a i n 18:377–386, 1984

2 3 . Janko M, Trontelj JV: Transcutaneous elec-
tric nerve stimulation: a micro n e u ro g r a p h i c
and perceptual study. P a i n 9:219–230, 1980

2 4 . Baker L, Chambers R, DeMuth S, Villar F:
E ffects of electrical stimulation on wound
healing in patients with diabetic ulcers.
Diabetes Care 20:405–412, 1997

2 5 . Ghoname EA, Craig WF, White PF, Ahmed
HE, Hamza MA, Gajraj NM, Vakharia AS,
Noe CE: Effect of stimulus frequency on the
analgesic response to percutaneous electri-

cal nerve stimulation in patients with
c h ronic low back pain. Anesth Analg 8 8 :
841–846, 1999

2 6 . Hamza MA, Ghoname EA, White PF, Craig
W F, Ahmed HE, Gajraj NM, Vakharia AS,
Noe CE: Effect of the duration of electrical
stimulation on the analgesic response in
patients with chronic low back pain. A n e s -
t h e s i o l o g y 91:1622–1627, 1999

2 7 . Pfeifer MA, Schumer MP, Ross DR, Crain
GM, Schrage JP, Markwell SJ, Gelber DA,
Jung S: A highly successful and novel
model for treatment of chronic painful dia-
betic peripheral neuro p a t h y. Diabetes Care
16:1103–1115, 1993

2 8 . Kumar D, Alvaro MS, Julka IS, Marshall HJ:
Diabetic peripheral neuropathy: eff e c t i v e-
ness of electrotherapy and amitriptyline for
symptomatic relief. Diabetes Care 2 1 : 1 3 2 2 –
1325, 1998

370 DIABETES CARE, VOLUME 23, NUMBER 3, MARCH 2000

Electroanalgesia with PENS for neuropathic pain


