
Page of 71

ABSTRACT
Objective: To analyze the immediate effect of amplitude modulation frequencies (AMFs) of 4kHz interferential current (IFC) on chronic low 

back pain (CLBP). Method: This is a randomized controlled clinical trial. Sixty-three subjects with CLBP were recruited. The subjects were 
randomized into 3 groups: the placebo group (PG, n=21) and 2 intervention groups (IG), IG4kHz/2Hz (n=21) and IG4kHz/100Hz (n=21). 
All groups were submitted to a single session of 30 minutes. Pain was evaluated using a numerical rating scale (NRS), the McGill Pain 
Questionnaire (MPQ), and pressure algometry. Flexibility was evaluated using the Modified Schober Test (MST), the Sit-and-Reach Test (SRT), 
the Fingertip-to-Floor Test (FTF), and the Passive Straight-Leg Raise Test (PSLR). Results: Comparing IG4kHz/100Hz with PG, we found a 
significant difference (p<0.05) in NRS in the total and in the MPQ categories, whereas in the comparison between IG4kHz/2Hz and PG, we 
found a significant difference only in the sensory and evaluative categories of MPQ. Regarding the flexibility tests, we observed a significant 
difference of both IG4kHz/100Hz and IG4kHz/2Hz in comparison to PG in MST and PSLR, and of IG4kHz/2Hz in comparison to PG in SRT. 
The 4kHz IFC was effective in immediately reducing CLBP and, consequently, in increasing the flexibility of the lumbar spine and lower 
limbs. Conclusion: There was a greater number of significant positive outcomes when the 100Hz AMF was adopted. Level of Evidence I; 
High quality randomized clinical trial with or without statistically significant differences, but with narrow confidence intervals.

Keywords: Transcutaneous Electrical Nerve Stimulation; Low Back Pain; Pain Measurement.

RESUMO
Objetivo: Analisar o efeito imediato das frequências de modulação de amplitude (AMF) da corrente interferencial (IFC) de 4 kHz sobre 

dor lombar crônica (DLC). Métodos: Este é um ensaio clínico controlado randomizado. Foram recrutados 63 participantes com DLC. Esses 
participantes foram randomizados em três grupos: grupo placebo (PG, n = 21) e dois grupos de intervenção (IG), IG4kHz/2 Hz (n = 21) 
e IG4kHz/100 Hz (n = 21). Todos os grupos foram submetidos a uma única sessão de 30 minutos. A dor foi avaliada por meio de uma 
escala numérica de classificação (NRS), o questionário de McGill (MPQ) e algometria de pressão. A flexibilidade foi avaliada pelo Teste de 
Schober Modificado (MST), Teste de sentar e alcançar (SRT), Teste do terceiro dedo ao solo (FTF) e Teste passivo de Elevação de Perna 
Reta (PSLR). Resultados: Comparando IG4kHz/100 Hz com PG, encontramos diferença significativa (p < 0,05) em NRS nas categorias 
total e MPQ, enquanto na comparação entre IG4kHz/2Hz e PG, encontramos uma diferença significativa apenas nas categorias sensoriais 
e de avaliação do MPQ. Com relação aos testes de flexibilidade, observamos diferença significativa tanto do IG4kHz/100 Hz quanto do 
IG4kHz/2 Hz em comparação com o PG em MST e PSLR, e do IG4kHz/2 Hz em comparação com o PG no SRT. A IFC de 4kHz foi eficaz 
na redução imediata da DLC e, consequentemente, no aumento da flexibilidade da coluna lombar e dos membros inferiores. Conclusões: 
Houve maior número de desfechos positivos significativos quando a AMF de 100 Hz foi adotada. Nível de Evidência I; Estudo clínico 
randomizado de alta qualidade com ou sem diferença estatisticamente significante, mas com intervalos de confiança estreitos.

Descritores: Estimulação Elétrica Transcutânea; Dor Lombar; Medição da Dor.

RESUMEN
Objetivo: Analizar el efecto inmediato de las  frecuencias de modulación de amplitud (AMF) de la corriente interferencial (ICF) de 4 kHz 

sobre el dolor lumbar crónico (DLC). Métodos: Se trata de un ensayo clínico controlad y aleatorizado. Se reclutaron 63 participantes con 
DLC. Los mismos fueron distribuidos aleatoriamente en 3 grupos: grupo placebo (PG, n=21) y 2 grupos de intervención (IG), IG4kHz/ 2Hz 
(n=21) e IG4kHz/100 Hz (n=21). Todos los grupos fueron sometidos a una sola sesión de 30 minutos. El dolor se evaluó mediante   una 
escala de clasificación numérica (NRS), el cuestionario de McGill (MPQ) y  algometría de  presión. La flexibilidad se evaluó mediante el 
test de Schober modificado (MST), el test  de sit-and-reach (SRT), el test de distancia dedos-suelo  (FTF) y la prueba pasiva de elevación 
de la pierna recta (PSLR). Resultados: Al compararIGI4kHz/100 Hz con PG, encontramos una diferencia significativa (p<0,05) en el NRS  
en las categorías total y MPQ, mientras que en la comparación entre IG4kHz/2 Hz y PG, encontramos una diferencia significativa sólo en 
las categorías sensoriales y evaluativas de MPQ. En cuanto a las pruebas de flexibilidad, observamos una diferencia significativa tanto 
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de IG4kHz /100 Hz como de IG4kHz/2 Hz en comparación con PG en MST y PSLR, y de IG4kHz/2 Hz en comparación con PG en SRT. 
La ICF de 4kHz fue eficaz en la reducción inmediata del DLC y, en consecuencia, en el aumento de la flexibilidad de la columna lumbar y 
los miembros inferiores. Conclusión: Hubo un mayor número de resultados positivos significativos cuando se adoptó la AMF de 100 Hz. 
Nivel de Evidencia I; Ensayo clínico aleatorizado de alta calidad con o sin diferencia estadísticamente significativa, pero con 
intervalos de confianza estrechos.

Descriptores: Estimulación Eléctrica Transcutánea; Dolor de la Región Lumbar; Dimensión del Dolor.

INTRODUCTION
Low back pain (LBP) is a common complaint in all age groups 

and is the largest cause of disability worldwide, directly influencing  
quality of life and work absenteeism.1-3 Located in the lower part of 
the spine, it is defined as severe or moderate pain in the region, and 
is related to multifactorial clinical conditions such as biopsychoso-
cial, sociodemographic and economic factors.4,5

Approximately 84% of the population will experience acute episo-
des of LBP at some point in their lives. When the pain lasts for more 
than 12 weeks, LBP progresses to chronic low back pain (CLBP).6 
Therefore, we emphasize the paramount importance of treatment 
strategies to minimize this symptomatology.

Studies7,8 suggest the efficacy of non-invasive and non-phar-
macological techniques for the treatment of LBP. Physical therapy 
uses exercises and electrotherapy, as non-invasive therapies for 
the management of low back pain, thus providing a good basis for 
approaches to these cases.4,9

Electrotherapy is the application of electrical current as a thera-
peutic form of pain relief,10 based on the gate control theory of pain11 
and the release of endorphins.1-3 Commonly used in clinical practice, 
electrical currents consist of low frequency (Hz) pulsed currents, 
such as transcutaneous electrical nerve stimulation (TENS), and 
medium frequency (kHz) alternating currents, such as interferential 
current (IFC).12,13

IFC is a medium frequency current that has is amplitude- 
modulated at low frequency, according to the desired analgesic 
mechanism.14 As it is a medium frequency current (1-10kHz), IFC 
allows greater penetration depth into the tissues by reducing skin 
impedance.14 However, it has not yet been proven that IFC has a 
superior analgesic effect to that of low-frequency currents.15

Despite the widespread use of electrotherapeutic resources in 
the treatment of low back pain, few studies have evaluated the 
immediate analgesic effect of IFC. Corrêa et al.16 observed that IFC 
provided immediate analgesia using a 1kHz carrier frequency (CF) 
and a 4kHz CF after the first application; Almeida et al.17 found a 
decrease in CLBP using IFC with a 2kHz CF, showing that it may play 
a key role in preparing the patient to later receive therapies more 
accepted by the literature, such as kinesiotherapy.

The guidelines3,5,18 on low back pain mention the therapeutic 
effects of IFC. On the other hand, they emphasize the low methodo-
logical rigor and the lack of randomized clinical trials and adequate 
blinding in most published studies, which limits a careful interpreta-
tion of its effects and results in CLBP. Moreover, a systematic review 
by Fuentes et al.19 demonstrates that the heterogeneity of research 
on the application of IFC in musculoskeletal pain is a factor that 
limits conclusions about the effectiveness of the analgesic effect 
of this current. Almeida et al.17 emphasize that the use of validated 
assessment instruments, and the participation of patients with real 
pain, rather than subjects with induced pain, are determining factors 
for the effectiveness of the studies.

The ideal parameters of IFC are also inconclusive, highlighting 
the need for further studies20 to investigate the most appropriate 
amplitude modulation frequency (AMF) for use in CLBP7. Johnson et 
al.21 report that determining an AMF between 1 and 250Hz may be 
the main parameter to generate analgesia, the most commonly used 
frequencies being 100Hz and 130Hz. Although scarce, research 
comparing different AMFs15,21,22 found no differences in pain relief 
between patients with CLBP and those with knee osteoarthritis.23

	 The primary objective of this study is to compare the 

immediate analgesic effect of 4kHz IFC, with different amplitude- 
modulated frequencies, on both objective and subjective percep-
tions of pain. The secondary objective is to evaluate the effect of 
4kHz IFC on the flexibility of the lumbar spine and lower limbs in 
individuals with CLBP.

METHODS

Study design
This is a double-blind, 3-armed, randomized controlled clinical 

trial. This study was approved by the Research Ethics Committee 
of CAEE: 44642615.2.0000.0102.

The project was approved by the Research Ethics Committee 
of the Federal University of Paraná (CAEE: 44642615.2.0000.0102), 
under protocol number 1145540, and prospectively registered on 
ensaiosclinicos.gov.br (RBR-59YGRB).

Participants
We selected participants of both sexes, over 18 years of age, who 

had chronic nonspecific low back pain (pain duration >3 months),5 
without radiating pain or with pain intensity greater than 3 on the 
numerical rating scale (NRS).24 The participants were invited verbally, 
and were asked to sign an Informed Consent Form (Resolution 
466/2012 of the Brazilian National Health Council).

Exclusion criteria were: a diagnosis of disc herniation or any 
disc pathology; not having low back pain on the day of the evalua-
tion; having taken analgesic medications 24h before the evaluation; 
and/or a history of any surgical procedure in the abdominal and/or 
low back region.

The participants were randomized into three groups: the inter-
vention groups (IG) IG4kHz/100Hz and IG4kHz/2Hz, and the place-
bo group (PG). They were evaluated before and immediately after 
the intervention, by a previously trained, blinded physical therapist.

The participants were evaluated using a specific form containing 
identification data, anamnesis, NRS, McGill Pain Questionnaire (MPQ), 
Start Back Screening Tool (SBST), mechanical pain tolerance (MPTo) 
by algometry and flexibility tests (Modified Schober Test, Sit-and-Re-
ach Test, Fingertip-to-Floor Test, and Passive Straight-Leg Raise Test).

The numerical rating scale (NRS) consists of a 10cm line, num-
bered from 0 to 10. The participants were asked to mark the point 
that represented the intensity of their pain, with 0 indicating absence 
of pain and 10, maximum pain.25

The McGill Pain Questionnaire (MPQ), adapted to Portuguese,26 
was applied to assess several aspects of pain using a total of 78 
descriptors (words) that were shown to the participants. These pain 
qualifiers are divided into 20 groups, each containing two to six 
words. These groups are still classified into 4 categories: sensory, 
affective, evaluative, and miscellaneous. The participants were 
asked to choose either one word or no word in each group. The 
sum of the number of chosen descriptors corresponded to the total 
index, with a maximum value of 20; the number of chosen words 
was also determined in each category.

The Start Back Screening Tool (SBST), adapted to Portuguese 
by Pilz et al.,27 is an instrument for screening patients at risk of 
poor prognosis for the treatment of LBP based on the presence of 
physical or psychosocial risk factors. This instrument consists of 
nine questions divided into two subscales. The first subscale has 4 
items addressing pain, dysfunctions, and comorbidities; the second 
has 5 items addressing biopsychosocial aspects. Each question is 
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scored either 0 or 1 point, depending on the participants’ responses. 
The sum represents the score of each subscale; therefore, the score 
ranges from 0 to 9. The participant’s prognosis was defined as low 
risk if the total score ranged from 0 to 3 points. If the second subs-
cale scored ≤3 points, the participant was classified as medium risk 
and for scores>3 points, high risk.27,28 The participants answered the 
questions once only, before the application of the IFC, to assess the 
influence of biopsychosocial factors in response to IFC.

The mechanical pain tolerance (MPTo) was assessed using an 
algometer (EMG System of Brazil) before and immediately after 
the application of the IFC. For data analysis purposes, the MPTo 
was analyzed in kilogram-force (kgf). A previously trained phy-
sical therapist conducted a reliability study for the application of 
the algometer. A previously trained physical therapist conducted a 
preliminary intra-examiner reliability study for the application of the 
algometer. In order to conduct this study, the professional evaluated 
ten individuals within a 48h interval. The intra-examiner reliability for 
measuring PPT was estimated by calculating the intraclass correla-
tion coefficients (ICC-0.95). MPTo was measured bilaterally at points 
previously marked with a dermatograph pencil: two points in the 
anterior tibial region for control purposes (one on each leg) and four 
points in the low back region (5 cm from the third and fifth lumbar 
vertebrae, on both right and left sides). The tip of the algometer 
(area of 1 cm2) was pressed at each point perpendicularly to the 
participants’ skin. They were asked instructed to say “stop” when 
they felt the maximum pressure they could endure. The constant 
rate of the algometer application was 0.3 kgf/s.16 Three readings 
were taken for each point with a 1 min interval between them, and 
the respective averages were calculated.

The Modified Schober Test (MST) was conducted to check the 
flexibility of the lumbar spine. This test has strong validity (r=0.97) and 
an excellent interclass correlation coefficient (r=92).29 For the test, the 
participants remained in a relaxed, standing position, and the trans-
verse process of the first sacral vertebra (S1) was marked. From this 
point, two other points were marked: 10 cm above and 5 cm below. 
We instructed the participants to bend forward as though touching their 
toes, while keeping their knees straight; we then measured the distance 
between the points above and below the S1.30 The data collected 
through this test before and after the intervention were compared.

The Sit-and-Reach Test (SRT), described by Wells and Dillon31 
and validated by Lemnink et al.,32 was used to assess the flexibility 
of the trunk and lower limbs. For this test, we used a box, positioned 
against the wall, measuring 30.5x30.5x30.5 cm with a 23 cm exten-
sion to support the upper limbs. With the participants seated, their 
bare feet resting on the box and their knees extended, they were 
asked to flex their trunks forward as far as they could without flexing 
their knees, and to hold this position for 3s, touching the furthest 
point of the equipment that they could reach. We registered the dis-
tances reached by the participants’ fingertips. Three measurements 
were taken, but only the best (i.e. furthest) distance was recorded.33 
We checked the difference between the results obtained before and 
after the application of the interferential current.

The Fingertip-to-Floor Test (FTF), validated by Perret et al.,33 was 
used to evaluate the mobility of the entire spine and pelvis in a gene-
ral forward-leaning movement.34 The participants stood upright and 
barefoot on a 20 cm platform, with their feet together and aligned 
with their shoulders and knees. They were instructed to lean their 
trunks forward as far as possible while keeping the knees, arms and 
fingers fully extended. We measured the distance between the tip 
of the participants’ middle fingers and the ground with a measuring 
tape and recorded this distance in centimeters; we then compared 
the pre-and post-treatment values.34

The Passive Straight-Leg Raise Test (pSLR)34 was used to assess 
the flexibility of the hamstring muscles. The participants were positio-
ned in the supine position with a fleximeter fixed to the side of the leg 
being assessed, while the other leg remained in a neutral position, 
stabilized by a belt. The physical therapist flexed the participants’ 
hips with their knees extended.35 We compared the values obtained 
before and after the treatment.

Sample calculation
The sample calculation was performed using Gpower 3.0. We 

considered the mean difference of 1 point in the NRS 36 with a 
standard deviation of 1.4737 statistical power of 0.95, α equal 0.05, 
totaling 63 participants, 21 per group.

Randomization
We carried out a block randomization. Three blocks were es-

tablished, with seven participants in each. In the envelope de-
signated for the randomization, there were nine pieces of paper: 
three with “4kHz/100Hz” written on them, three with “4kHz/2Hz”, 
and three with “PG”. The pieces of paper were picked by the par-
ticipants themselves, who were not aware of the groups to which 
they had been allocated. The randomization process was carried 
out three times.

Intervention
A researcher who did not participate in the evaluation was res-

ponsible for the intervention. The participants were positioned in the 
prone position on the examination table. Four silicone electrodes 
(9cm x 5cm) were bilaterally and transversely placed 5cm both to the 
right and left of the spinous processes of L3 and L5. After sterilizing 
the skin by wiping it with 70% alcohol, we placed the electrodes with 
conductive gel and fixed them with adhesive tape. The equipment 
used was a previously calibrated Neurodyn (IBRAMED).

All groups received a single application lasting 30 minutes, with 
a carrier frequency of 4kHz and a frequency variation (ΔF) of 0Hz. 
To IG4kHz/100Hz, the amplitude-modulated frequency was of 100Hz 
and sensory intensity. To IG4kHz/2Hz, the AMF was of 2Hz and 
motor intensity. The PG group was also submitted to the intervention, 
but in this group, the equipment was turned off.

Statistical analysis
We analyzed the parameters using SPSS Software (25.0). 

The results were expressed as mean±standard deviation and 
submitted to analysis of normality and homogeneity of variances 
by Shapiro-Wilk and Levene tests, respectively. For the parametric 
variables, we used the analysis of covariance (ANCOVA) of repe-
ated measures in the intragroup and intergroup comparison, with 
SBST acting as a covariate; as for the nonparametric variables, 
we used the Wilcoxon test for intragroup analysis and the Kruskal 
Wallis test for the intergroup analysis. The prospective intention-
-to-treat analysis was carried out. We adopted a value of p<0.05 
for statistical significance.

RESULTS
We invited 80 people between February and December 2019 

to participate in the study, but 17 of them were excluded because 
they presented pain intensity< 3 at the moment of the evaluation. 
The remaining 63 participants were randomized into three groups: 
IG4kHz/100Hz (n=21), IG4kHz/2Hz (n=21), and PG (n=21). 
(Table 1, Figure 1)

Table 1 presents the participants’ sociodemographic data. 
The majority of the study population were women (n=38), with in-
complete college degrees (n=30), and non-smokers (n=53). Most 
of the participants had pain in a centralized region (n=26), with an 
average duration of four and a half months, and which increased 
during the night (n=34) and on physical effort (n=56). Regarding 
the biopsychosocial factors, 29 of the participants presented low 
risk, 17 medium risk, and 17 high risk.

Table 2 shows the results of the intragroup analysis concerning 
the assessment of pain and the flexibility tests. The pain intensity, 
assessed using NRS, decreased considerably in all three groups. 
However, the intervention groups (IG4kHz/100Hz and IG4kHz/2Hz) 
had a reduction of more than 3 points on the NRS, which accor-
ding to Chou et al.38,39 represents a strong effect of the treatment, 
while PG reduced only 1.7 points. There was a reduction in MPQ, 
total score and categories, of the three groups, except for the 
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miscellaneous category of PG. Regarding the algometry, significan-
ce difference (p<0.05) was found only in IG4kHz/100Hz. Analyzing 
the flexibility tests, we observed significant results of IG4kHz/100Hz 
in MST. The IG4kHz/2Hz showed significant results in SRT, FTF, 
and PSLR bilaterally.

Table 3 presents the intergroup analysis of pain assessment 
and flexibility tests. There was a significant improvement in NRS of 
IG4kHz/100Hz compared to PG with a small effect size (Cohen’s 
d=0.22). Regarding IG4kHz/100Hz, superior results were obtained 
(reduction in the number of words chosen) in relation to PG in all 

Table 1. Clinical and sociodemographic characteristics.
IG4KHz/100Hz (n=21) IG4KHz/2Hz (n=21) PG (n=21)

Age (mean±SD) 29.9±13.7 35.3±16.1 28.9±12 
Sex (n, %) 

Female 12 (57.1) 14 (66.7) 12 (57.1)
Male 9 (42.9) 7 (33.3) 9 (42.9)

Level of Education (n, %)
Incomplete elementary 0 (0) 0 (0) 0 (0)
Complete elementary 0 (0) 0 (0) 0 (0)

Incomplete high school 1 (4.8) 0 (0) 0 (0)
Complete high school 4 (19) 7 (33.3) 4 (19)

Incomplete college 10 (47.6) 10 (47.6) 10 (47.6)
Complete college 6 (28.6) 4 (19) 7 (33.3)

Life habits
Smoker (n, %) 3 (14.3) 2 (9.5) 5 (23.8)

Alcohol consumption (n, %) 7 (33.3) 5 (23.8) 3 (14.3)
Sedentary (n, %) 11 (52.4) 8 (38.1) 9 (42.9)

Time of pain (months) (mean, min, max, median) 4;8;1;20 7;8;1;40 3;1;1;6
Location of pain (n, %) 

Centralized 7 (33.3) 6 (28.6) 13 (61.9)
On the right 4 (19) 4 (19) 3 (14.3)
On the left 3 (14.3) 3(14.3) 2 (9.5)

On both sides 7 (33.3) 8 (38.1) 3 (14.3)
Time of day when the pain is worst (n, %) 

Mornings 1 (4.8) 5 (23.8) 7 (33.3)
Afternoons 6 (28.6) 6 (28.6) 4 (19)

Night 14 (66.7) 10 (47.6) 10 (47.6)
Activities that exacerbate pain (n, %)

Walking 7 (33.3) 5 (23.8) 9 (42.9)
Sitting 8 (38.1) 10 (47.6) 12 (57.1)

Bending 14 (66.7) 4 (19) 12 (57.1)
Getting up 7 (33.3) 7 (33.3) 12 (57.1)

Climbing stairs 9 (42.9) 9 (23.8) 5 (23.8)
Effort/lifting objects 17 (81) 20 (95.2) 19 (90.5)

Psychosocial factors (start back)
Low risk 4 (19) 10 (47.6) 15 (71.4)

Medium risk 6 (28,6) 5 (23.8) 6 (28.6)
High risk 11 (52.4) 6 (28.6) 0 (0)

PG = placebo group. 

categories of MPQ (p<0.05). The IG4kHz/2Hz group presented 
significant differences in the sensory and evaluative categories, 
compared to PG. Concerning the algometry results, there was no 
significant intergroup difference in MPTo of the points of the low back 
region. Regarding the flexibility tests, a significant difference of both 
IG4kHz/100Hz and IG4kHz/2Hz was observed in comparison to PG 
in MST and PSLR, and of IG4kHz/2Hz in comparison to PG in SRT.

When SBST was inserted as a covariable, we found no difference 
in the intra- and intergroup results, i.e., biopsychosocial factors did 
not influence pain response and flexibility after the application of IFC.

DISCUSSION
The present study demonstrates the benefits of IFC in the pain and 

flexibility of the lumbar spine and lower limbs of individuals with CLBP. Due 
to pain, and fear of exacerbating the symptoms, patients with CLBP are 
often unable to perform the activities and physical exercises that are re-
quired for long-term relief of the pain. Therefore, it is important to evaluate 
the immediate analgesic effect of the application of IFC, because it can 
reduce or momentarily extinguish pre- and/or post-exercise pain.17,39,40

Few studies have compared the immediate effect of IFC,16,17,40-43 
but only three of them16,40,42 use the 4kHz carrier frequency, and do 
not compare different AMFs. Similarly to Correa et al.,18 this study 
found a significant reduction of pain through NRS after the application 
of IFC in all groups. However, only the intervention groups showed 
a strong treatment effect, i.e., a difference of more than 3 points 
in post-intervention NRS.38 Moreover, when compared to PG, only 
IG4kHz/100Hz obtained significant results. Pain improvement in PG 
may be associated with personal, psychosocial, and neurological 
factors through the alteration of neuronal activity in brain areas res-
ponsible for pain modulation, thus releasing endogenous opioids.15,16

Furthermore, IG4kHz/100Hz also presented significant results in 
the evaluation of pain quality through post-intervention MPQ in com-
parison to PG. The results are consistent with those of Almeida et al.,40 

Figure 1. Study design.
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Table 2. Assessment of NRS, MPQ, MPT and flexibility test (between groups).
IG4kHz/100Hz

(n=21)
IG4kHz/2Hz

(n=21)
PG

(n=21)
(mean ± SD) Before After Before After Before After

NRS 4.3±1.8 0.4±0.8* 4.7±2.9 0.9±1.2* 4.4±1.0 2.7±1.8*
MPQ

Sensory 7.3±1.7 0.9±1.5* 7.8±1.9 2.5±2.6* 8.0±2.3 5.6±3.5*
Affective 2.5±1.4 0.0±0.2* 3.2±1.8 1.0±1.7* 3.4±1.3 1.4±1.9*
Evaluative 1.0 ±0.0 0.1±0.3* 1.0±0.0 0.2±0.4* 0.9±0.2 0.7±0.4*

Miscellaneous 2.3 ±0.8 0.2±0.7* 2.7±1.1 0.7±1.3* 2.3±1.4 1.9±1.7
Total 13.2±2.9 1.3±2.4* 14.8±4.0 4.5±5.6* 14.8±4.7 9.3±7.1*
MPT
ATL 3.9 ±1.4 4.0±1.1 3.8±1.2 3.9±1.4 6.2±2.9 6.3±3.2
ATR 3.9 ±1.3 5.2 ±6.8 3.8±1.1 3.8±1.2 6.2±3.2 6.4±3.8
L3L 3.6 ±1.4 4.1 ±1.4* 3.7±0.9 4.0±1.1 4.3±1.7 4.1±2.0
L3R 3.6 ±1.4 4.1±1.4* 3.7±1.1 4.0±1.0 4.6±2.1 4.6±2.5
L5L 3.4 ± 1.3 4.2±1.3* 3.7±0.9 3.9±0.8 4.2±1.7 4.0±2.0
L5R 3.6 ±1.5 4.1±1.3* 3.9±0.9 4.0±0.9 4.4±2.3 4.5±2.3

Flexibility tests
Schober 5.1±1.1 5.4±1.2* 4.9±0.6 5.1±0.6 9.9±2.2 9.7±2.7

SRT 17.4±12.8 17.3±13.2 14.1±5.8 16.7±6.9* 23.2±6.5 21.6±7.5
3rd finger-floor 17.6±16.0 19.3±16.4 14.7±13.5 11.5±11.3* 11.2±10.2 12.1±8.3

SLR-R 48.8±10.4 49.4±10.7 48.9±17.2 50.8±16.6* 65.0±8.9 61.9±17.6
SLR-L 48.5±11.2 49.1±11.0 48.5±14.4 50.0±14.2* 61.8±9.9 60.1±15.7

NRS = Numerical Rating Scale of Pain; MPQ = McGill Pain Questionnaire; MPT = mechanical pain threshold; PG = placebo group; AT = anterior tibial; L3 = 3rd lumbar vertebra; d= Cohen’s d; L5 = 5th 
lumbar vertebra; L = left; R = right. *p<0.05 (Between-groups repeated-measures ANCOVA).

Table 3. Between-group differences at 30 min after randomization for subjects with chronic low back pain who received Interferential Current or placebo group.
Intergroup Difference

Mean Adjusted Difference (95% CI)
Follow-up de 30 min (95% CI)

IG4kHz/100Hz
vs

IG4kHz/2Hz
Cohen´s d

IG4kHz/100Hz
vs
GP

Cohen´s d
IG4kHz/2Hz

vs
GP

Cohen´s d

NRS
-0.4

(-1.4 to 0.6)
0.04

-1.1*
(-2.1 to -0.1)

0.22
-0.7

(-1.7 to 0.2)
0.91

MPQ

Sensory
-1.0

(-2.6 to 0.4)
0.57

2.7*
(-4.2 to -1.1)

0.30
-1.6*

(-3.1 to -0.9)
1.09

Affective
-0.8

(-1.8 to -0.1)
0.12

-1.1*
(-2.1 to -0.1)

0.07
-0.3

(-1.3 to 0.6)
1.17

Evaluative
-0.04

(-0.2 to 0.1)
0.28

-0.2*
(-0.4 to -0.08)

0.29
-0.2*

(-0.3 to -0.03)
1.11

Miscellaneous
-0.4

(-1.2 to 0.3)
0.00

-0.8*
(-1.5 to -0.03)

0.21
-0.3

(-1.1 to 0.3)
0.93

Total
-2.3

(-5.4 to 0.6)
0.34

-4.7*

(-7.8 to -1.7)
0.24

-2.4
(-5.4 to -0.6)

0.84

MPT

ATL
0.1

(-1.4 to 1.5)
0.08

-2.3
(-3.8 to 0.8)

0.02
-2.4

(-3.9 to 0.8)
0.04

ATR
0.7

(-1.4 to 2.9)
0.27

-1.7
(-3.9 to 0.4)

0.05
-2.4*

(-4.7 to -0.2)
0.11

L3L
-0.006

(-1.1 to 1.1)
0.27

-0.2
(-1.4 to 0.8)

0.17
-0.2

(-1.4 to 0.8)
0.44

L3R
0.03

(-1.2 to 1.2)
0.26

-0.7
(-1.9 to 0.5)

0.14
-0.7

(-1.9 to 0.4)
0.38

L5L
0,02

(-0.9 to 1.0)
0.66

-0.3
(-0.9 to 1.0)

0.17
-0.3

(-1.3 to 0.6)
0.38

L5R
-0.1

(-1.3 to 1.1)
0.54

-0.5
(-1.8 to 0.6)

0.08
-0.4

(-1.6 to 0.7)
0.01

FT

Schober
0.2

(-0.6 to 1.2)
1.41

-4.5*
(-5.4 to -3.5)

0.28
-4.7*

(-1.2 to 0.6)
1.11

SRT
1.9

(-3.5 to 7.5)
3.02

-4.9
(-10.4 to 0.4)

2.23
-6.9*

(-12.5 to -1.4)
5.07

3rd finger-floor
5.3

(-2.4 to 13.0)
3.10

6.8
(-0.8 to 14.5)

1.97
1.5

(-6.2 to 9.2)
1.07

SLR-R
-0.7

(-8.9 to 7.4)
2.74

-14.3*
(-22.4 to -6.2)

0.58
-13.6*

(-21.7 to -5.4)
0.80

SLR-L
-0.3

(-7.8 to 7.0)
4.50

-12.0*
(-19.4 to -4.2)

0.05
-11.7*

(-19.1 to -4.2)
0.25

NRS = Numerical Rating Scale of Pain; MPQ = McGill Pain Questionnaire; MPT = mechanical pain threshold; PG = placebo group; AT = anterior tibial; L3 = 3rd lumbar vertebra; FT: flexibility test; SRT: sit 
and reach test; SLR: straight leg raise; d= Cohen’s d; L5 = 5th lumbar vertebra; L = left; R = right. *p<0.05.
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who found a significant difference from the group with parameters 
of 4kHz and AMF of 100Hz compared to PG.

The results found in this study, using algometry for the objective 
measurement of pain, indicate a significant increase in MPTo in the low 
back region after the intervention only in the group with 100Hz AMF. 
This corroborates the results of other studies41 in which patients were 
submitted to identical parameters. Correa et al.16 and Venancio et al.9 
obtained positive results for the placebo group, but with 1kHz CF.

Although therapeutic exercises, such as stretching, were not 
applied in this study, we found that with the instantaneous pain relief, 
there was an improvement in the flexibility of the spine and lower 
limbs in both IG4kHz/2Hz and IG4kHz/100Hz.

It is known that electrotherapeutic resources are coadjuvant 
elements in the treatment of CLBP, and the prescription of exercises 
is essential. Therefore, if we decrease the pain and consequently, 
increase the flexibility after the application of IFC, we can often make 
it possible for patients to perform the exercises earlier, which may 
speed up the rehabilitation process.

As strong points of this study, we highlight the double blinding, 
the use of validated and culturally adapted instruments to assess 
pain, performance of flexibility tests, and the specific population 
(individuals with low back pain).

CONCLUSION
We found that 4kHz carrier frequency IFC is effective in imme-

diately reducing low back pain, thus momentarily increasing lumbar 
spine flexibility. There were more significant positive outcomes when 
an amplitude-modulated frequency of 100Hz was adopted, such 
as decreased pain in NRS and MPQ, total and categories, when 
compared to PG.
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