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Abstract: Objectives: To evaluate the differences between Conventional, Acupuncture-like and Brief-intense TENS in 
chronic low back pain with lumbar disc herniation. Methods: 160 patients who were diagnosed as lumbar disc herniation were 
randomized into 4 groups: Group1= Conventional TENS, Group2= Acupuncture-like TENS, Group3= Brief-intense TENS, 
Group4= Sham TENS. Hotpack, ultrasound and exercise were applied all groups (5 days/week for 3 weeks). Patients were 
evaluated before treatment, a week after baseline, at the end of treatment and a month after the end of treatment. Ostwestry 
Low Back Pain Disability Questionnaire (OLBP) and Short-Form 36 physical component (SF-36PCS), mental component (SF-
36MCS) scores, Modified Lumbar Schober test (MLS), Straight Leg Raising test (SLR) and Femoral Stretching test (FS) 
results and Visual Analog Scale for pain (VAS) at activity and at rest were recorded. After the exclusion, statistical analysis was 
administered to 135 participants (44 males and 91 females). Results: There were no differences according to demographic data 
(p>0,05). For each evaluation step, we compared the means of MLS, SLR, VASactivity, VASrest, OLBP, SF-36PCS and SF-
36MCS and found no significant difference (p>0,05). At the end of first week, all groups showed significant improvement 
according to SLR (p=0,046, p=0,035, p=0,035, p=0,045, respectively) and VASrest (p=0,038, p=0,048, p=0,045, p=0,048, 
respectively); only group 1 (p=0,034) and group 3 (p=0,045) showed significant improvement for VASactivity. At the end of 
treatment, all groups showed significant improvement for MLS, SLR, VASactivity, VASrest, OLBP and SF-36PCS (p<0,05). 
Conclusions: Pain relief is seem to be starting earlier in treatment regimens including conventional and brief-intense TENS. 
Probably, final outcomes of the treatment regimens for pain and functional capacity, with or without TENS don’t differ. 
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1. Introduction 

Low back pain (LBP) is very common in the general 
population, and it’s a common cause of disability and work 
loss [1]. Approximately, 60-80% of the adults suffer from 
LBP during their life. Prevalance of lumbar disc herniation 
(LDH) is nearly 1-3% of the general population. Basic aims 
of the treatment in LDH are reducing pain, preventing 
chronicity and quicken the return to work. For chronic pain, 
reducing pain and improving the functionality are the main 
goals of the treatment. Most of the patients benefit from 
conservative treatment regimens and only 5-10% of them 
need surgery. Conservative treatment regimens include; rest, 

medication, physical therapy (electrotherapy, hotpack, 
ultrasound, traction, exercise etc.), manuel therapy, spinal 
orthesis, epidural and paravertebral blokage of neuronal roots. 
Generally, 50% of the patients with LDH are recovered by 
conservative treatment regimens or as a natural consequence 
[2]. 

Reducing pain, inflammation, muscular symptomes and 
joint stiffness are the goals of physical therapy for 
symptomatic recovery. Also, it is a psychotherapeutic 
approach by the psychological support, during physiotherapy. 
Physical therapy contains combinations of different 
modalities with exercise and education of patients. 
Electrotherapy provides analgesia and muscle contraction, 
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reduces joint stiffness, increases range of motion and muscle 
strenght and prevents muscle atrophy. It is suggested that, by 
the electrical currents, A alpha nerve fibers are stimulated, 
transmission of nociceptive impuls are inhibited and release 
of the neurotransmitters are increased. Transcutaneous 
Electrical Nerve Stimulation (TENS) is an electrotherapy 
method for the inhibition of nociceptors, blockade 
transmission of pain at afferent nerves, sympathetic blockage 
and increasing the release of endogenous opioids [3]. 

Conventional TENS: It is a current with high frequency 
(100Hz) and low amplitude. Duration of the therapy differs 
(30 minutes to few hours). It is applied at an amplitude 
which provides paralgesia without muscle contraction. 
Frequently, accommodation (perceptual-sensory adaptation 
to TENS) occurs; so the amplitude must be increased step by 
step. Analgesic effect starts in 10-15 minutes and continues 
for 10-15 minutes. 

Acupuncture-like TENS: It is a current with low frequency 
(5Hz) and high amplitude. Duration of the therapy is 30-60 
minutes. It is applied at an amplitude which provides muscle 
contraction at a tolerable level for patient. Analgesic effect 
starts in few hours and continues for 2-6 hours. It is more 
resistive to accommodation. 

Brief- intense TENS: It is a current with high frequency 
(150Hz) and high amplitude. Duration of the therapy is 15-
30 minutes. Both the sensory and motor fibers are stimulated. 
It is applied at an amplitude which provides irregular, tetanic 
muscle contraction. Analgesic effect starts in 1-15 minutes 
and disappears quickly. 

Randomized studies evaluating the effectiveness of the 
modalities of physical therapy for LBP are limited and there 
is shortage and controversy of evidence based data. The aim 
of this study was to evaluate the differences between TENS 
modalities (Conventional, Acupuncture-like and Brief-
intense TENS vs. sham TENS) in chronic LBP with LDH. 

2. Materials and Methods 

A hundred and sixty patients with LBP (more than 3 
months, 52 males and 108 females) who were diagnosed as 
LDH with magnetic resonance imaging (MRI) were included 
in the study. Accordance with the requirements of ethical 
standards (Helsinki Declaration), written consents of all 
patients were obtained, and patients were randomized into 4 
groups by computer. 

Conventional TENS (30 minutes), hotpack (30 minutes), 
ultrasound (5 minutes, continuous mode-1.5 watt/cm2) and 
isometric flexion, extension and stretching exercises were 
applied to first group (13 males and 27 females, 5 days/week 
for 3 weeks). 

Acupuncture-like TENS (30 minutes), hotpack (30 
minutes), ultrasound (5 minutes, continuous mode-1.5 
watt/cm2) and isometric flexion, extension and stretching 
exercises were applied to second group (13 males and 27 
females, 5 days/week for 3 weeks). 

Brief-intense TENS (30 minutes), hotpack (30 minutes), 
ultrasound (5 minutes, continuous mode-1.5 watt/cm2) and 

isometric flexion, extension and stretching exercises were 
applied to third group (13 males and 27 females, 5 
days/week for 3 weeks). 

Sham TENS (30 minutes, turn-off in < 60 seconds, 
electrodes were attached with no current generation), 
hotpack (30 minutes), ultrasound (5 minutes, continuous 
mode-1.5 watt/cm2) and isometric flexion, extension and 
stretching exercises were applied to fourth group (13 males 
and 27 females, 5 days/week for 3 weeks). 

Patients were evaluated before the treatment (Baseline), a 
week after the beginning of treatment (Second evaluation 
step), at the end of treatment (Third evaluation step, at 4th 
week) and a month after the end of treatment (Fourth 
evaluation step, at 8th week). Instead of demonstrating the 
cumulative effects of TENS or effects of long term usage, 
these evaluation steps were choosen according to literature, 
to demonstrate the effects while the TENS is used and after a 
designated period of use [3]. Demographic data (age, gender, 
occupation, body mass index, duration of complaints) was 
obtained. Ostwestry Low Back Pain Disability Questionnaire 
(OLBP) and Short-Form 36 (SF-36) questionnaire were 
applied at each evaluation step. Questionnaires were fulfilled 
by the patients and delivered to investigator after fourth 
evaluation step. All physical examinations were done by the 
same physician (NG) who was blind for treatment groups. 
Modified Lumbar Schober test (MLS), Straight Leg Raising 
test (SLR) and Femoral Stretching test (FS) results and 
Visual Analog Scale for pain (VAS) at activity and at rest 
were recorded at each evaluation step. Also, examination for 
sensation and reflex was included. 

Ostwestry Low Back Pain Disability Questionnaire 
(OLBP) is a 10-itemed questionnaire that assesses health 
status of patients with LBP [4]. Cultural adaptation and 
validation of this instrument was studied and it was found 
comprehensible, valid and useful in Turkish patients with 
LBP [5]. A higher score between 0 and 100, indicates higher 
disability. 

Short Form-36 (SF-36) is a generic outcome measure, 
evaluating physical and mental function with Physical 
Component Score (PCS) and Mental Component Score 
(MCS) [6]. Validity of the Turkish version of SF-36 was 
studied and was found valid [7]. A higher score indicates 
better health. 

Modified Lumbar Schober test (MLS) is a method for 
measuring the flexion capability of lumbar region. Limitation 
of the lumbar flexion and pain, generally shows the 
discopathy. Femoral Stretching test (FS) evaluates the 
discopathies which irritates the roots (L2-L4), composing 
femoral nerve. Straight Leg Raising test (SLR) is a sensitive 
test which evaluates the irritation of sciatic nerve and by the 
existence of affected roots (L4,L5,S1,S2,S3) composing 
sciatic nerve, test is positive [8]. Visual Analog Scale (VAS) 
for pain (0 to 10) is used to assess the severity of pain and 10 
indicates the worst pain. 

In case of need, patients were allowed to use maximum 2 
grams acetaminophen (a pill= 500 milligrams) and recording 
the amount of usage (pills per day) was requested. Patients 
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were warned for not using painkiller from 24 hours before 
control, till the physical examination. By the reason of 
providing a standardization, patients who were co-medicated 
with nonsteroidal antiinflamatory drugs, antidepressants or 
opioids were excluded from the study. Patients who were 
suffering from pain at another body region, except LBP, and 
patients who were treated with physical therapy before, for 
any region of body, were not included in the study for the 
same reason. By this way, we tried to provide homogeneous 
groups and prevent the bias for treatment, especially for the 
sham TENS. Patients who didn’t complete all questionnaires 
or the treatment and who didn’t come to control, were 
excluded from the study. We also considered avoiding 
possible communications among the patients from different 
groups to prevent the bias for treatment regimens. 

3. Statistical Analysis 

Statistical analysis were performed with SPSS 16.0. For 
comparing the variables providing the assumption of 
normality in independent groups t test was used and for 
variables not providing the assumption of normality Mann 
Whitney U test was used. For categorical variables chi 
square test was used. For repeated measures, in case of 
providing the assumption of normality, Repeated-measures 
ANOVA was used and in case of not providing the 
assumption of normality, difference between treatment 
groups was tested with nonparametric Friedman test. To 
determine in which evaluation step the differences were 
occurred, nonparametric Benferroni-corrected Wilcoxon 
signed rank test was used. P<0,05 was considered 
statistically significant. 

4. Results 

A hundred and sixty patients with chronic LBP (52 males 
and 108 females), who were diagnosed as LDH were 
included in the study. Patients were randomized into 4 
groups, 13 males and 27 females for each: 

Group 1= Conventional TENS + Hotpack + Ultrasound + 
Exercise, 

Group 2= Acupuncture-like TENS + Hotpack + 
Ultrasound + Exercise, 

Group 3= Brief-intense TENS + Hotpack + Ultrasound + 
Exercise, 

Group 4= Sham TENS + Hotpack + Ultrasound + Exercise 
After the exclusion of the patients who didn’t complete the 

whole questionnaires or the treatment or co-medicated with 
nonsteroidal antiinflamatory drugs, antidepressants or 
opioids, statistical analysis was administered to 135 
participants (44 males and 91 females). See Trial profile flow 
chart in Figure 1. Excluded patients due to co-medication 
were as below: 

Group 1: 4 patients co-medicated with nonsteroidal 
antiinflamatory drug; 

Group 2: 2 patients co-medicated with nonsteroidal 
antiinflamatory drug; 

Group 3: 3 patients co-medicated with nonsteroidal 
antiinflamatory drug, 1 patient co-medicated with 
antidepressant; 

Group 4: 4 patients co-medicated with non-steroidal 
antiinflamatory drug, 3 patients co-medicated with 
antidepressant.. 

 

Figure 1. Trial profile flow chart. 
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There were no differences among groups according to age, 

gender, body mass index and duration of complaints (p>0,05, 
Table 1). There was no difference among groups according to 
percents of occupation (For all groups approximatelly; 37% 
white collar, 33% blue collar, 7% retired, 23% house wife; 
p=0,155). Most of the patients were diagnosed as protrusion 
and there was no difference among groups according to 
findings in MRI (For all groups approximatelly; 91% 
protrusion and 9% extrusion, p=0,084, 83% with spondylosis 
and 7% without spondylosis, p=0,348). There were no 
differences among groups according to the level of LDH 
(For all groups approximatelly; 2% L3-4, 38% L4-5, 57% 
L5-S1, 2% L4-5+L5-S1, 1% L3-4+L4-5+L5-S1, p=0,932). 
According to loss of sensation there was no difference 

among groups (For all groups approximatelly; 3% sensation 
loss and 97% normal, p=0,573). In any patient, there was no 
decrease or loss of reflex and muscle strenght. We didn’t find 
positive FS, in any of the patients, too. According to usage of 
painkiller, there was no significant difference among groups 
(Group 1: 1,74±0,72 pills/day, Group 2: 1,58±0,65 pills/day, 
Group 3: 1,62±0,68 pills/day, Group 4: 1,78±0,71 pills/day; 
p=0,567). 

There were no adverse events due to treatment regimens. 
For each evaluation step, we compared the means of MLS, 
SLR, VASactivity, VASrest, OLBP, SF-36 PCS and SF-36 
MCS and found no significant difference among groups 
(p>0,05, Table 2). 

Table 1. Comparison of the demographic variables (N=135). 

 Group 1 (N=35) Group 2 (N=35) Group 3 (N=34) Group 4 (N=31) P value 

Gender (%, male) 31,43 34,29 32,35 32,25 0,373 

Age (years, mean±SD) 57,13±15,86 58,19±16,18 55,86±15,86 57,05±15,46 0,402 

BMI (Kg/m2, mean±SD) 25,44±4,66 26,36±4,17 25,84±4,36 26,34±4,16 0,651 

Duration of complaints (months, mean±SD) 36,53±22,23 38,48±24,31 37,45±23,42 36,75±21,83 0,160 

*Significance level: p<0,05, BMI: body mass index, SD: standard deviation, Kg: kilogram, m: meter 

Table 2. Comparison of groups for each evaluation step (N=135). 

 Evaluation Step 
Group 1 (Mean±SD, 

N=35) 

Group 2 (Mean±SD, 

N=35) 

Group 3 (Mean±SD, 

N=34) 

Group 4 (Mean±SD, 

N=31) 
P value 

MLS(cm) 1 5,33±1,50 5,98±1,15 5,43±1,63 5,37±1,56 0,066 
 2 5,78±1,49 6,35±1,15 5,88±1,59 5,82±1,52 0,100 
 3 6,24±1,15 6,50±2,90 6,40±2,05 6,35±1,90 0,673 
 4 6,50±1,90 6,55±2,65 6,52±2,55 6,51±2,76 0,880 
SLR(degree) 1 59,00±16,00 60,00±14,50 59,50±16,50 59,50±16,00 0,817 
 2 69,67±15,56 73,39±11,21 71,35±11,02 69,17±15,40 0,336 
 3 75,38±10,19 76,11±8,92 75,51±7,92 75,58±11,09 0,886 
 4 76,11±8,92 76,81±9,42 76,22±8,85 76,13±8,78 0,890 
VASactivity 1 5,18±1,33 5,27±1,43 6,05±1,23 5,90±1,36 0,346 
 2 4,75±1,35 5,22±1,34 5,48±1,35 5,87±1,53 0,815 
 3 3,55±1,34 3,65±1,31 3,76±1,30 3,89±1,32 0,425 
 4 2,44±1,14 2,43±1,21 2,55±1,19 2,97±1,22 0,877 
VASrest 1 3,45±1,11 3,56±1,09 3,35±1,14 3,49±1,12 0,592 
 2 3,14±1,04 3,43±1,10 3,19±1,01 3,35±1,07 0,879 
 3 2,24±1,13 2,35±1,09 2,23±1,01 2,28±1,02 0,281 
 4 2,04±1,15 1,45±1,10 2,25±1,11 2,33±1,12 0,344 
Ostwestry 1 50,68±12,43 49,88±13,41 51,76±11,55 50,95±13,05 0,660 
 2 49,85±13,11 48,72±18,12 50,92±12,85 50,65±12,13 0,126 
 3 38,75±17,15 38,47±17,38 40,54±11,12 39,95±12,61 0,416 
 4 37,37±16,55 36,51±16,48 38,85±13,62 38,75±13,45 0,550 
SF36 PCS 1 48,47±18,28 49,76±20,33 50,16±17,95 48,75±18,15 0,983 
 2 49,95±15,43 50,97±15,08 51,78±14,57 49,70±14,46 0,603 
 3 64,11±18,04 62,51±18,60 63,70±18,81 60,74±18,63 0,781 
 4 66,49±16,81 64,27±16,35 65,45±16,02 62,73±16,44 0,759 
SF36 MCS 1 57,33±18,68 57,68±18,91 56,75±19,65 54,45±19,40  0,653 
 2 59,05±17,15 58,50±17,45 58,71±18,63 56,30±17,55  0,768 
 3 62,70±18,71 61,60±18,54 61,42±18,54 59,75±18,75  0,461 
 4 63,55±17,75 62,55±17,31 62,50±17,44 60,76±17,55  0,562 

*Significance level: p<0,05, Group 1: Conventional TENS group, Group 2: Acupuncture TENS group, Group 3: Brief intense TENS group, Group 4: Sham 
TENS group, 1: Before treatment, 2: A week after administration, 3: At the end of treatment (4th week), 4: A month after the end of treatment (8th week), SD: 
standard deviation, cm: centimeter, MLS: modified lumbar schober, SLR: straight leg rising test, VAS: Visual analog scale, Ostwestry: Ostwestry low back 
pain score, SF36 PCS: physical component score of short form 36, SF36 MCS: mental component score of short form 36 
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Table 3. Comparison of evaluation steps for each variable in all groups (N=135). 

 
Comparison of 

Evaluation steps 

MLS  

p value 

SLR  

p value 

VAS activity  

p value 

VAS rest  

p value 

Ostwestry  

p value 

SF36 PCS  

p value 

SF36 MCS  

p value 

Group 1 

1-2 0,985 0,046⃰ 0,034⃰ 0,038⃰ 0,940 0,925 0,856 

1-3 0,025⃰ 0,000⃰ 0,020⃰ 0,020⃰ 0,001⃰ 0,005⃰ 0,445 

1-4 0,005⃰ 0,000⃰ 0,001⃰ 0,004⃰ 0,000⃰ 0,001⃰ 0,536 

2-3 0,020⃰ 0,024⃰ 0,008⃰ 0,045⃰ 0,005⃰ 0,005⃰ 0,480 

2-4 0,015⃰ 0,036⃰ 0,005⃰ 0,048⃰ 0,001⃰ 0,001⃰ 0,435 

3-4 0,256 0,357 0,048⃰ 0,109 0,536 0,165 0,162 

Group 2 

1-2 0,885 0,035⃰ 0,054 0,048⃰ 0,845 0,836 0,757 

1-3 0,035⃰ 0,001⃰ 0,028⃰ 0,010⃰ 0,001⃰ 0,025⃰ 0,356 

1-4 0,015⃰ 0,000⃰ 0,015⃰ 0,005⃰ 0,000⃰ 0,005⃰ 0,444 

2-3 0,025⃰ 0,025⃰ 0,025⃰ 0,035⃰ 0,005⃰ 0,025⃰ 0,525 

2-4 0,020⃰ 0,045⃰ 0,015⃰ 0,045⃰ 0,001⃰ 0,010⃰ 0,516 

3-4 0,358 0,256 0,005⃰ 0,019⃰ 0,446 0,255 0,260 

Group 3 

1-2 0,775 0,035⃰ 0,045⃰ 0,045⃰ 0,345 0,536 0,540 

1-3 0,045⃰ 0,001⃰ 0,010⃰ 0,010⃰ 0,025⃰ 0,035⃰ 0,245 

1-4 0,025⃰ 0,000⃰ 0,015⃰ 0,005⃰ 0,010⃰ 0,015⃰ 0,350 

2-3 0,035⃰ 0,025⃰ 0,025⃰ 0,035⃰ 0,015⃰ 0,036⃰ 0,460 

2-4 0,032⃰ 0,036⃰ 0,005⃰ 0,045⃰ 0,020⃰ 0,025⃰ 0,425 

3-4 0,457 0,256 0,035⃰ 0,125 0,646 0,360 0,275 

Group 4 

1-2 0,435 0,045⃰ 0,070 0,048⃰ 0,555 0,646 0,630 

1-3 0,042⃰ 0,005⃰ 0,015⃰ 0,015⃰ 0,036⃰ 0,038⃰ 0,345 

1-4 0,023⃰ 0,001⃰ 0,020⃰ 0,012⃰ 0,015⃰ 0,008⃰ 0,355 

2-3 0,040⃰ 0,015⃰ 0,030⃰ 0,040⃰ 0,026⃰ 0,026⃰ 0,430 

2-4 0,026⃰ 0,045⃰ 0,015⃰ 0,045⃰ 0,035⃰ 0,025⃰ 0,475 

3-4 0,325 0,245 0,045⃰ 0,425 0,840 0,460 0,365 

*Significance level: p<0,05, Group 1: Conventional TENS group, Group 2: Acupuncture TENS group, Group 3: Brief intense TENS group, Group 4: Sham 
TENS group, 1: Before treatment, 2: A week after administration, 3: At the end of treatment (4th week), 4: A month after the end of treatment (8th week), SD: 
standard deviation, cm: centimeter, MLS: modified lumbar schober, SLR: straight leg rising test, VAS: Visual analog scale, Ostwestry: Ostwestry low back 
pain score, SF36 PCS: physical component score of short form 36, SF36 MCS: mental component score of short form 36 

At the end of first week, all groups showed significant 
improvement according to SLR (p=0,046, p=0,035, p=0,035, 
p=0,045, respectively) and VASrest (p=0,038, p=0,048, 
p=0,045, p=0,048, respectively) . According to VASactivity, 
only group 1 (p=0,034) and group 3 (p=0,045) showed 
significant improvement at first week. According to other 
parameters, we found no significant improvement in any of 
the groups (p<0,05). 

At the end of treatment, all groups showed significant 
improvement for MLS, SLR, VASactivity, VASrest, OLBP 
and SF-36 PCS (p<0,05). In any group, we found no 
significant change for SF-36 MCS (p>0,05). A month after 
the end of treatment, all groups showed a significant, 
continuing improvement for VASactivity (p=0,048, p=0,005, 
p=0,035, p=0,045, respectively), but only group 2 showed a 
significant, continuing improvement for VASrest (p=0,019), 
together with VASactivity (Table 3). 

5. Discussion 

Despite the high frequency of LBP, incidence of LDH is 
less than the expected. Because of high costs, LBP is 
emerging as a common socioeconomic and sociomedical 
problem. Currently, there isn’t a consensus on a standardized 
treatment modality [9,10]. Transcutaneous electrical nerve 
stimulation (TENS) is an electrotherapeutic procedure used 

for pain control that has been examined in the medical 
literature since its introduction by Wall and Sweet in 1967 
[11]. It is suggested that TENS usage reduces the costs and 
going surgery, so the studies should be expanded and 
diversified in this field [12]. 

There are some limitations in this study. Drop out rate of 
this study was approximately 16% of total subject number. 
Although, most of them was from group 4, all groups were 
similar according to demographic variables. Subject number 
should be more, but as we know, it’s hard to find patients 
with no experience of physical therapy. We demanded this 
requirement for preventing the bias for treatment modalities, 
especially for sham TENS. Combined treatment modalities 
inconvenience to comment on the effectiveness of each 
component [13]. Studying treatment modalities alone is more 
effective than studying the combination of them, but a sham 
treatment modality without combination isn’t ethical. So, we 
combined the TENS modalities with other physical therapy 
methods (heaters and exercise), which are known as effective. 
We allowed patients to take medication, but for providing a 
standardization as far as possible, patients with co-
medication (nonsteroidal antiinflammatory drugs, 
antidepressants, opioids etc.) were excluded, except 
acetaminophen- first choose in LBP [14]. Amount of the 
taken pills were recorded to evaluate the approximate effect 
of treatment regimens on pain relief, but the response of 
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patients to painkillers or treatment regimens or standardizing 
the amounts of taken painkillers in each group is out of 
control. Exclusion rate due to co-medication was higher in 
sham TENS group than the others, which may be casualness 
or may show the analgesic effect of TENS. Also, co-
medication with antidepressants was higher in sham TENS 
group (3 patients co-medicated with antidepressant), which 
increases the number of exclusion. Although we found no 
significant difference among groups according to mental 
health measured with SF-36 MCS, relatively mean of SF-36 
MCS was lower in group 4 (Table 2) than the other groups 
and this could be the main reason of higher number of 
antidepressant usage. However, we should keep in mind that 
recent evidence has highlighted the role of psychological and 
psychosocial factors in the aetiology of low back pain [15-
17]. In all groups, there was numerically improvement for 
SF-36 MCS, but the differences were small and insignificant. 
Numerically, mean of the taken acetaminophen pills was 
higher in group 4, but there wasn’t a statistically significant 
difference among groups, which may show that all treatment 
regimens were similar according to outcomes for pain relief. 
Follow-up period of patients after treatment was limited to a 
month to avoid the drop out as far as possible, but for 
measuring the long term outcomes of the treatment regimens 
follow-up period should be extended. 

Improvement for MLS, SLR, OLBP, SF-36 PCS and 
VASrest were similar in all groups and at all evaluation steps. 
In group 2 and 4, improvement for VASactivity was started 
from the second week of the treatment. There was significant 
improvement for pain and functional capacity, by the end of 
treatment in all groups, even in sham TENS group. This 
situation may show that, either with TENS or not, all 
treatment modalities are effective in chronic LBP with LDH. 
Similar to our study, some studies investigating the 
effectiveness of TENS by comparing with sham didn’t find 
significant difference at short term follow-up [18,19]. 
However, a study demonstrated a significant carryover effect 
with conventional TENS having a greater effect on pain 
intensity than sham TENS [20]. In some studies investigating 
the effect of TENS on pain relief in patients with disc disease 
in lumbosacral spine reported TENS therapy as contributing 
to pain relief and improvement of function and mobility of 
the lumbosacral spine [21,22]. 

Stimulation amplitude must be of sufficient level to 
produce analgesia [23,24]. TENS applied at a strong but 
comfortable intensity provides a significant analgesia [24]. 
Thus, amplitude must be increased to an adequate level to 
produce analgesia. Although typically high-frequency TENS 
is applied to produce a nonpainful paresthesia and low-
frequency TENS is typically applied at higher intensities that 
produce motor contractions, we encouraged all the patients 
to continue to increase intensity as tolerated. 

We know that exercise is an effective component for 
pyhsical therapy [25-27], and dynamic lumbar stabilization 
exercises provide a physiologic bracing in neutral position 
and quicken the return to work in patients with LDH. Similar 
to our findings, a systematic review of the literature didn’t 

report significant difference in effect between exercise 
therapy compared to TENS on the outcomes pain and 
functionality at short term follow-up [28]. 

Superficial heater methods can be useful for pain relief 
and spasm relaxation. Also we know that, deep heater 
methods like ultrasound, short wave diathermy and 
microwave diathermy seem to be useful for their 
physiological effects in pain [28, 29]. Generally, 50% of the 
patients with LDH are recovered by conservative treatment 
regimens or as a natural consequence [2]. In chronic LBP 
with LDH, treatment regimens may accelerate and conribute 
this natural consequence. 

Evaluating the functional capacity is an important 
component for intending the treatment in patients with LBP, 
because functional disability is common in patients with LBP 
and different from other clinical syndromes [30]. That’s why, 
a domain specific instrument; OLBP and a general 
instrument for quality of life; SF-36 were used to evaluate 
the functional capacity of the patients in this study. Both 
instruments showed the improvement in functional capacity 
by the treatment regimens, numerically and statistically. 

At the first week of treatment we found no siginificant 
improvement for VASactivity in acupuncture-like TENS 
group and sham TENS group, but at following evaluation 
steps all groups showed significant and similar improvement 
for VASactivity. Also, as well as VASactivity, acupuncture-
like TENS group showed significant ongoing improvement 
for VASrest between the third and fourth evaluation steps. 
Maybe, effect of acupuncture-like TENS on pain starts later 
than other TENS modalities and in a long term follow-up, 
acupuncture-like TENS could be more effective on pain 
relief. Having differences wouldn’t be surprising, because 
the analgesic mecanisms of TENS’ with lower and higher 
frequencies are different [3]. Low-frequency TENS (1–10 
Hz), like acupuncture-like TENS, activates mu-opioid 
receptors, and high-frequency TENS (50–150 Hz), like 
conventional or brief-intense TENS, activates delta-opioid 
receptors [31,32]. Although TENS may have an effect on 
resting pain in some populations [33,34], it appears to be 
more effective for reducing pain during movement and 
hyperalgesia [35-39]. In our study, both VASactivity and 
VASrest showed significant improvement by the treatment 
regimens. 

6. Conclusions 

Pain relief is seem to be starting earlier in treatment 
regimens including conventional and brief-intense TENS. 
Probably, final outcomes of the treatment regimens for pain 
and functional capacity, with or without TENS don’t differ. 
Acupuncture-like TENS may have long term effects on pain 
relief. Follow-up period and subject number should be 
increased in further studies. 

Abbrevations 

TENS (Transcutaneous Electrical Nerve Stimulation); 
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OLBP (Ostwestry Low Back Pain Disability Questionnaire); 
SF-36 PCS (Short-Form 36 physical component score); SF-
36 MCS (Short-Form 36 mental component score); MLS 
(Modified Lumbar Schober test); SLR (Straight Leg Raising 
test); FS (Femoral Stretching test); VAS (Visual Analog 
Scale for pain) 
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