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Abstract 
Introduction: Chronic non-specific low back pain is a high-impact disorder. The study aimed to determine the influence 
of adding interferential current stimulation to conventional treatment and draw-in exercises on abdominal muscle 
thickness, transverse abdominis endurance, pain, and disability in chronic non-specific low back pain patients. Methods: 
Sixty patients with chronic non-specific low back pain were diagnosed and referred by an orthopedist recruited in the current 
study. The patients were divided equally into two groups in a random manner; group (A) was given interferential 
stimulation, draw-in exercises and conventional treatment (ultrasound, hot pack, knee to chest and strengthening exercises) 
and group (B) was given draw-in exercises, and conventional treatment. Both groups were assessed by ultrasound imaging, 
prone test, visual analogue scale, and Oswestry disability index to evaluate transverse abdominis, internal and external 
oblique thickness, transverse abdominis endurance, pain and disability before and after the intervention. Results: In each 
group, there was a significant increase in abdominal thickness and transverse abdominis endurance after treatment (p = 
0.001). Also, the pain and disability scores of each group significantly declined after treatment (p = 0.001). Comparing 
the groups revealed a significant difference in all measured outcomes in favor of group A (p=0.001). Conclusions: Adding 
interferential stimulation to conventional treatment and draw-in exercises would have great value in improving abdominal 
muscle thickness, transverse abdominis endurance, pain and disability in those suffering from CNSLBP.  
 
Keywords: Abdominal Draw-In Exercises, Abdominal Thickness, Interferential Stimulation, Non-Specific Low Back 
Pain, Ultrasound Imaging. 
 

INTRODUCTION 
Low back pain (LBP) is identified as a serious medical condition as well as the primary reason for work absence 
in industrialized countries. A family center in Egypt has registered a lifetime prevalence of LBP among 
Egyptian patients of 48%, which suggests that LBP is a common condition that requires greater attention [1]. 
Chronic Non-specific low back pain (CNSLBP) is a significant global socioeconomic healthcare issue. The 
lifetime prevalence of CNSLBP is estimated approximately to be 23%. After headache, it is regarded as the 
second most prevalent health problem [2, 3]. 
LBP is associated with physical conditions such as muscular shortening, lumbar spinal stiffness, and a decline 
in the multifidus as well as deep abdominal muscular strength and endurance [4] so, strengthening of these 
muscles is related to activating superficial trunk muscles that serve as shock absorbers for loads, and 
strengthening the global trunk muscles and could reduce the pain and disability level [5]. 
Interferential Current Stimulation (IFC) can improve deep muscle contraction and blood circulation and 
achieve uniform stimulation with high reproducibility [6]. Also, in clinical practice, motor control exercises 
such as abdominal draw-in, an essential exercise for treating LBP patients based on the coactivation of trunk 
muscles that preserve spine stability [7]. 
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Most studies have shown that IFC is effective in treating painful conditions, such as chronic LBP [3], and 
may be effective when used in conjunction with other therapy methods [8].  Also, an earlier investigation 
looked at the effect of combining IFC with lumbopelvic stability exercises in the treatment of discogenic LBP, 
focusing only on immediate IFC analgesic effects on the pain and disability score, revealed a significant 
improvement [9]. But, to our knowledge, no multiple research studies have discussed the effects of adding 
IFC stimulation to therapeutic exercises in chronic LBP patients [10].  
Additionally, the only study that discussed the impact of IFC on abdominal thickness focusing only on the 
left deep abdominal musculature's thickness, states only that compared to various IF stimulation conditions, 
the amount of change for all abdominal musculature's thickness was significantly higher under IFC 2.5 kHz 
and 20 Hz condition and recommended for further research [6]. Yet, this effect has not been established in 
patients with CNSLBP. 
In the available literature, there are lack of studies that used IFC stimulatory effect for lateral abdominal 
muscles (LAM) thickness including transverse abdominis (TrA), external oblique (EO) and internal oblique 
(IO) in the treatment of those suffering from chronic non-specific low back pain. So, the goal of the study 
was to determine the influence of adding interferential current stimulation to conventional treatment and 
draw-in exercises on abdominal muscle thickness, transverse abdominis endurance, pain, and disability in 
CNSLBP patients. 
 
SUBJECTS AND METHODS 
 
Study design: A randomized controlled clinical trial. The patients were enrolled from Deraya University's 
outpatient physical therapy clinic, Elmenia governorate. From September 2023 to June 2024, patients were 
assessed, and their demographic data were recorded, including gender, age, height, and weight, and their 
body mass index (BMI) was calculated using the already recorded data. 
Informed consent: A written informed consent form was signed by each patient after they were informed of 
the study's contents, purpose, and the benefits and risks associated with it. 
Ethical approval: The Ethical Committee of the Faculty of Physical Therapy, Cairo University gave its 
approval to this study (NO.P.T.REC/012/004618) and was registered on ClinicalTrials.gov with Identifier 
NO: (NCT06066567).  
Subjects: Sixty patients suffering from CNSLBP, were diagnosed and referred to physical therapy outpatient 
clinic (Deraya University) by an orthopedist. Patients were included if their ages were from 18 to 40 years, 
BMI from 25 to 29.9 (kg/m2), with 19% or greater disability score as evidenced by the Oswestry Disability 
Index (ODI). Patients had a history of back surgery, spinal fracture or deformities, neurological radiating pain 
with lumbar disc bulge, unable to do abdominal muscle contraction, symptoms of cauda equina, individuals 
with BMI> 30, uncontrolled diabetic patients, cancer patients, those with a peacemaker, and females during 
pregnancy were not included. Patients received instructions not to participate in any other physical therapy 
intervention throughout the period of the trial. Fig. (1) shows the CONSORT flow chart of the study. 
 
SAMPLE SIZE CALCULATION: 
The sample size was determined prior to the study was started. Using an allocation ratio N2/N1 = 1, α = 0.05, 
β = 0.2, and an effect size of 0.8, G*POWER statistical software (version 3.1.9.2; Franz Faul, Universitat Kiel, 
Germany,) showed that the required sample size for this study was 26 patients with CNSLBP per group, 
However, the sample size was determined to be 60 after taking the dropouts into account. 
Randomization: 
Sixty patients with CNSLBP were randomly assigned to two groups (A and B), maintaining a balanced 1:1 
ratio. Groups were assigned at random through a computerized random number generator using the Research 
Randomizer Program online (https://www.randomizer.org/). 
Outcome measures: 
At baseline, all measurable outcomes were assessed, and after four weeks later.  

https://www.randomizer.org/
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-Abdominal muscular thickness was measured by a real-time B-mode Ultrasonography Imaging (UI) (Mindray 
DP-10, convex probe 5 MHz, SN: bn-75013216, China). It is a noninvasive method that does not expose 
patients to ionizing radiation, a valid and reliable imaging tool [11]. UI reliability for measuring LAM 
thickness on both sides in chronic LBP patients exhibited good to high interrater reliability (ICC= 0.80–0.98) 
(ICC= 0.81–0.97). Also, the study results stated that the reliability values of UI are better at rest than under 
contraction [12]. 
 

 
 
Ultrasonography imaging measurement of abdominal thickness at rest performed from supine to crook-lying 
position with cushions beneath their knees and head. Both the lower border of the rib cage and the iliac crest 
were represented as bony landmarks during the measurement. Conducting gel was placed between the probe 
of the UI and the abdomen to increase the contact area [13]. 
The probe of the UI was situated on the abdominal wall transversely on the anterior axillary line, halfway 
between the lower border of the rib cage and iliac crest, and every image was taken at the end of the expiration 
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to get a clear image of the abdominal musculature including (TrA, IO, EO). At rest, 3 images of each muscle 
were captured, and the mean of the 3 measures was utilized in the statistical analysis. The images of abdominal 
muscles were shown in Fig. (2) &Fig. (3). Measurements of UI were recorded both before and after the 
treatment [14]. 

 

 
 
-Transverse abdominis endurance was measured by a prone test guided by a Pressure Biofeedback Unit (PBU). 
Prone endurance test was performed from a prone position. The PBU cuff was placed horizontally beneath 
the abdomen with the umbilicus in the middle of the unit. The lower border of the cuff is positioned below 
the anterior superior iliac spines (ASIS). The therapist initiated the use of the PBU by inflating the pressure 
to 70 mmHg then the patients were instructed to pull the lower abdomen in, and keep relaxed breathing, 
without any movement in the spine or the pelvis until the pressure declined by 6 to 10 mmHg and hold the 
abdominal contraction (draw-in) for ten seconds. Every contraction (10sec hold) was separated by a 20 sec 
rest. TrA muscle endurance (holding capacity) was measured by counting how many times the patient could 
hold the draw-in for ten seconds with the pressure declined by 6 to 10 mmHg (up to 10 times) [15]. 
The stabilizer pressure biofeedback device was manufactured by the Chattanooga Stabilizer Group Inc. 
(Hixson, TN37343, USA).  It consists of   3 chambers cuff, a catheter, and a manometer. The cuff is made 
of non-elastic material, its size is 6.7–24 cm, and the manometer's scale starts from zero to 200 mmHg with 2 
mmHg measuring intervals as shown in Fig (4). The pressure readings displayed on the manometer vary 
depending on different movements and positions on the cuff [7]. The inter-rater and intra-rater reliability 
were assessed, and the results showed good to excellent intra-class correlation coefficients of 0.89 and 0.87 
for them, respectively. It is utilized for assessment of the abdominal muscles, as well as giving feedback to 
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subjects who are participating in motor control exercises. The same stabilizer was utilized, and the device was 
calibrated to prevent bias throughout the study. Also, 0.5 mmHg was the accepted difference before using 
it [16, 17]. 

 
-Pain intensity was measured through a Visual Analog Scale (VAS). It is a valid, reliable method and has very 
high test-retest reliability for pain assessment and reassessment in rehabilitation [18]. The patients were 
instructed to mark perpendicularly on the scale 100 millimeters(mm) long to express their degree of pain as 
none, mild, moderate, or severe [3]. 
- Functional disability level was evaluated through the Arabic version of the ODI with strong test-retest 
reliability, and Cronbach's alpha was 0.87 [19]. Patients were asked about how back pain affects managing 
their everyday life. The ODI total score is determined by the summation of all scores of applied items, dividing 
the obtained score by the maximum possible score (50), and multiplying the result by 100 to obtain a 
percentage score. It used to categorize individuals as either slightly impaired (0–20%), moderately impaired 
(20–40%), extremely disabled (40–60%), crippled (60–80%), or bedridden (80–100%) [20] 
Intervention: Two groups of patients were randomly and equally selected; group (A) was given IFC 
stimulation, and draw-in exercises from prone lying, three times a week, four weeks in total, guided by PBU 
to obtain visual biofeedback on pressure changes during the exercises, and conventional treatment 
(ultrasound, hot pack, knee to chest and strengthening exercises). Also, group (B) was given draw-in exercises 
from a prone position, and conventional treatment.  
Interferential Current Stimulation: IFC stimulation pulses are generated using an electric therapy device 
(ES-5200, ITO PHYSIOTHERAPY & REHABILITATION-SN/201711500024). Both sides of abdominal 
muscles including TrA, EO, and IO muscles were stimulated by IFC. IFC electrical stimulation for abdominal 
muscles is delivered from a supine position [5] through the quadripolar technique, adhesive electrodes are 
placed on either side of the midline covering the muscles. These are applied to the cleaned skin. Parameters 
of IFC applied as follows: carrier frequency 2 kHz, beat frequency 30Hz, auto sweep five seconds, treatment 
duration15 minutes, the current with dynamic vector field [21], applied three days a week for four weeks [22] 
and the current amplitude gradually increased until a light rhythmic contraction was seen in abdominal 
muscles [21]. 
Abdominal Draw-In Exercise: It is an exercise method applied by pulling the abdomen inward as the oblique 
abdominal and TrA contracts increase the abdominal pressure [23]. It is applied from a prone position. A 
PBU was placed under the pubis symphysis with the lowering edge in line with the ASIS and set at 70 mmHg. 
The patients were taught how to carefully pull the lower abdominal wall in and hold for ten seconds while 
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keeping the pelvis and the spine in a neutral position. Additionally, the upper abdominal wall movement was 
limited so that the pressure declined by nearly ten mmHg [24] and applied in the form of 10 reps,10 sets, 3/a 
week, four weeks in total, guided by PBU [23]. The patients rested for 5 s between contractions and one 
minute between the practice sets [24] 
Therapeutic Ultrasound: (US-751, ITO PHYSIOTHERAPY & REHABILITATION, TOKYO 176-0014, 
JAPAN). It was applied to the lumbar area at an amplitude of 1.5 Watts/cm², frequency of 1 MHz, and 
continuous mode with a 100% duty cycle for five minutes [25,21]. 
Electric Hot Pack: (ORTHOPEDIC HEAT BELT, HC-1002, INDIA). From a prone position. First, place 
the hot pack over the back region, then cover the pack with a folded towel to prevent heat loss. Hot packs 
were applied for 20min, and their intensity was based on individual tolerance [21] 
Knee to Chest Exercise: For improving flexibility of the lumbar extensor [26], it was applied in the form of 
3 sets, each consisting of a thirty-second hold and thirty-second rest, performed in three sessions a week for 
four weeks, and repeated three times [27] 
Strengthening Exercise (STE) Program: It was modified from that discussed by Koumantakis et al. [28], 
with the period of the program being shortened to four weeks for activating the trunk extensors and flexors, 
respectively. It advanced from lying to the quadruped position, which increased the muscular load, three 
sessions per week. Patients maintained each exercise for ten seconds and repeated it ten times, which 
represented 1 set, followed by a five-minute rest in between sets. All patients received the exercise instructions 
at the end of the first session [5]. 
Week (1): Specific abdominal and back exercises in a lying position 
Exercises for the upper abdominals were performed from a crook lying position (knees bent), patients were 
instructed to perform a partial sit-up (flex the trunk partially) with the hands extended towards the knee until 
clearance of the inferior angle of the scapula from the plinth.  Exercises for the back extensors were performed 
by active back extension as patients were instructed to raise their trunk to neutral from lying prone, with a 
pillow beneath their stomach and their arms by their sides. The exercise was maintained for ten seconds with 
ten repetitions [5]. 
Week (2): Abdominal and back exercise with limb movement in lying position       
Exercises for the lower abdomen were performed from a lying position as the patients were instructed to pull 
the lower abdomen in, then slowly slide their heel and sustain the draw-in for ten seconds, then relax. 
Exercises for the back extensors were performed from a supine position with flexed knees as the patients were 
instructed to raise the pelvis up and sustain the raised pelvis for ten seconds; then the patients lowered the 
pelvis [5]. 
Week (3): Abdominal exercise in a side-lying position and back exercise in a 4-point kneeling position. 
Exercises for the oblique abdominis were performed from a side-lying position as the patients were instructed 
to lift their hips up and keep the raised hip posture for ten seconds and then return to neutral. Exercises for 
back extensors were performed from a four-point kneeling position as patients were instructed to do single-
leg extensions [5]. 
Week (4): Abdominal exercise in a supine lying position and back exercise in 4-point kneeling position. 
Exercises for the abdominals were performed from a supine position as the patients were instructed to do full 
abdominal crunches keep this posture for ten seconds. Back extensors were exercised from a four-point 
kneeling position as the patients were instructed to perform alternate arm and leg lifting and keep this posture 
for ten seconds [5]. 
Statistical Analysis 
The analyses were conducted using the statistical package for the social studies (SPSS) version 25 on Windows 
(IBM SPSS, Chicago, IL, USA).  The unpaired t-test was used to compare the subject characteristics between 
groups. The chi-square test was utilized to compare sex distribution. Shapiro-Wilk test was utilized to verify 
that the data was distributed normally. The homogeneity between groups was checked using Levene’s test. 
The treatment effects on abdominal muscle thickness, transverse abdominis endurance, VAS, and ODI were 
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compared within and across groups using mixed MANOVA. Bonferroni corrections were performed for 
subsequent multiple comparisons. For all statistical analyses, the significance level was fixed at p < 0.05.  
 
RESULTS: 
Table (1) demonstrated subjects' characteristics of each group regarding age, weight, height, BMI, and 
distribution of sexes, there was no significant difference between groups (p > 0.05).  
Table (2) demonstrated that there was a significant interaction effect of treatment and time (p = 0.001), a 
significant main effect of time (p = 0.001) and a significant main effect of treatment (p = 0.001). Also, Mixed 
MANOVA revealed a significant treatment X time interaction (F = 38.78, p = 0.001, η2 = 0.87), a significant 
main effect of time (F = 457.27, p = 0.001, η2 = 0.98) and a significant main effect of treatment (F = 4.11, p 
= 0.001, η2 = 0.42). 
 
Table 1. Comparison of subject characteristics between group A and B: 
 Group A Group B    

Mean ±SD Mean ±SD MD t- value p-value 
Age (years) 22.07 ± 3.07 23.17 ± 2.86 -1.1 -1.43 0.15 
Weight (kg) 67.63 ± 9.79 65.90 ± 9.95 1.73 0.68 0.49 

Height (cm) 162.23 ± 8.33 160.83 ± 6.43 1.4 0.72 0.46 

BMI (kg/m²) 25.63 ± 2.84 25.38 ± 2.90 0.25 0.33 0.73 

Sex, n (%)      
Female  21 (70%) 19 (63%)  (χ2 = 0.30) 0.58 
Male  9 (30%) 11 (37%)  

SD, Standard deviation; MD, mean difference; χ2, Chi squared value. p value, Probability value. 
 
Table (2). Mixed MANOVA for the effect of treatment on abdominal muscle thickness, transverse 
abdominis endurance, pain intensity and functional disability: 

 Mixed MANOVA 
 Wilks' 

Lambda 
F-

value 
Hypothesis 

df 
Error 

df 
p-

value 
Partial Eta 
Squared 

Interaction effect 
(treatment * time) 

0.125 38.78 9 50 0.001 0.87 

Effect of time 0.012 457.27 9 50 0.001 0.98 
Effect of treatment (group 

effect) 
0.575 4.11 9 50 0.001 0.42 

F value:  Mixed MANOVA F value; df: degree of freedom; p value: Probability value 
 
WITHIN GROUP COMPARISON 
Both right and left TrA, IO, and EO thickness of each group significantly increased after treatment compared 
with before (p < 0.01). (Table 3). The percentage of change in right and left TrA thickness in group A 
posttreatment was (60.71%), (71.42%) and in group B was (22.22%) (16%) respectively, IO thickness in group 
A posttreatment was (33.33%) (34.54%) and in group B was (13.72%) (10.20 %) and EO thickness in group 
A posttreatment was (28.26%), (33.33%), in group B was (6.97%), (7.14%.) respectively.  
Additionally, TrA endurance of both groups significantly increased after treatment as compared to before (p 
< 0.001) as well as VAS and ODI scores of each group significantly declined after treatment as compared to 
before in each group A and B (p = 0.001). (Table 4). Also, the percent of change in TrA endurance in groups 
A and B post-treatment was (125.69%) (81.16%), VAS was (73.27%) (65.51%.) and ODI was (54.04%) 
(45.54%) respectively. 
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BETWEEN-GROUP COMPARISON  
Each side of the TrA, EO and IO thickness of group A had a significant increase in comparison to that of 
group B after treatment (p < 0.01) (Table 3), and transverse abdominis endurance of group A had a significant 
increase in comparison to that of group B after treatment (p < 0.01) (Table 4). Also, the VAS and ODI scores 
of group A had a significant decline in comparison to that of group B after treatment. (Table 4). 
 
Table 3. Mean abdominal muscles thickness pre and post treatment of groups A and B: 

Thickness (cm) Group A Group B     

Mean ±SD Mean ±SD MD 95% CI p value EF 
Right transverse abdominis      

Pre treatment 
0.28 ± 0.11 0.27 ± 0.09 0.01 

-0.04: 
0.07 

0.65  

Post treatment 0.45 ± 0.12 0.33 ± 0.09 0.12 0.07: 0.18 0.001 1.13 
MD -0.17 -0.06     
95% CI -0.19: -0.15 -0.07: -0.03     
 p = 0.001 p = 0.001     

Left transverse abdominis     
Pre treatment 

0.28 ± 0.10 0.25 ± 0.10 0.03 
-0.03: 
0.08 

0.36  

Post treatment 0.48 ± 0.12 0.29 ± 0.09 0.19 0.13: 0.24 0.001 1.79 
MD -0.2 -0.04     
95% CI -0.23: -0.18 -0.06: -0.02     
 p = 0.001 p = 0.002     

Right internal oblique     
Pre treatment 

0.57 ± 0.23 0.51 ± 0.16 0.06 
-0.04: 
0.17 

0.22  

Post treatment 0.76 ± 0.20 0.58 ± 0.16 0.18 0.09: 0.27 0.001 0.99 
MD -0.19 -0.07     
95% CI -0.22: -0.15 -0.10: -0.04     
 p = 0.001 p = 0.001     

Left internal oblique      
Pre treatment 

0.55 ± 0.22 0.49 ± 0.18 0.06 
-0.04: 
0.17 

0.30  

Post treatment 0.74 ± 0.21 0.54 ± 0.18 0.2 0.10: 0.31 0.001 1.02 
MD -0.19 -0.05     
95% CI -0.22: -0.17 -0.08: -0.03      

p = 0.001 p = 0.001     
Right external oblique      

Pre treatment 
0.46 ± 0.15 0.43 ± 0.13 0.03 

-0.05: 
0.11 

0.41  

Post treatment 0.59 ± 0.15 0.46 ± 0.13 0.13 0.05: 0.20 0.002 0.93 
MD -0.13 -0.03     
95% CI -0.14: -0.11 -0.05: -0.01      

p = 0.001 p = 0.002     
Left external oblique      

Pre treatment 
0.45 ± 0.16 0.42 ± 0.11 0.03 

-0.04: 
0.11 

0.32  



International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 17s, 2025 
https://www.theaspd.com/ijes.php 
 

1263 
 

Post treatment 0.60 ± 0.15 0.45 ± 0.12 0.15 0.07: 0.21 0.001 1.1 
MD -0.15 -0.03     
95% CI -0.16: -0.12 -0.06: -0.02     
 p = 0.001 p = 0.001     

SD, Standard deviation; MD, Mean difference; CI, Confidence interval; p value, Probability value; within group A p<0.001, within group B 
p<0.01; EF, Effect size. 

 
Table 4. Mean transverse abdominis endurance, VAS and ODI pre and post treatment of groups A and 
B:  

Group A Group B     

Mean ±SD Mean ±SD MD 95% CI p value EF 

Transverse abdominis endurance     

Pre treatment 3.93 ± 1.04 3.77 ± 1.07 0.16 -0.38: 0.71 0.54  

Post treatment 8.87 ± 0.93 6.83 ± 1.17 2.04 1.48: 2.58 0.001 1.93 

MD -4.94 -3.06     

95% CI -5.29: -4.58 -3.42: -2.71     

 p = 0.001 p = 0.001     

VAS       
Pre treatment 71.83 ± 7.77 71.63 ± 9.39 0.2 -4.26: 4.66 0.93  

Post treatment 19.20 ± 9.29 24.70 ± 6.74 -5.5 -9.70: -1.30 0.01 0.68 

MD 52.63 46.93     

95% CI 49.06: 56.21 43.36: 50.51     
 

p = 0.001 p = 0.001     
ODI (%)       
Pre treatment 23.61 ± 3.05 23.80 ± 3.55 -0.19 -1.90: 1.53 0.82  

Post treatment 10.85 ± 2.41 12.96 ± 1.99 -2.11 -3.25: -0.97 0.001 0.95 

MD 12.76 10.84     
95% CI 11.76: 13.76 9.84: 11.84     
 p = 0.001 p = 0.001     

SD, Standard deviation; MD, Mean difference; CI, Confidence interval; p value, Probability value; within group A p<0.001, within group B 
p<0.001; EF, Effect size 

 
DISCUSSION:  
The current study aimed to determine the influence of adding interferential current stimulation to 
conventional treatment and draw-in exercises on abdominal muscle thickness, transverse abdominis 
endurance, pain, and disability in CNSLBP patients. The current study results found significant improvement 
in abdominal muscle thickness, transverse abdominis endurance, pain, and disability post-treatment in each 
group (p<0.05). After treatment, a significant difference between groups A and B has been found in 
abdominal muscle thickness, transverse abdominis endurance, pain, and disability in favor of group A 
(p<0.05). The findings of the current study regarding abdominal thickness could have many explanations. 
Firstly, IFC has the ability to selectively activate the deeper abdominal muscles, as IFC has 2 medium-
frequency current crosses over and produces the low-frequency effect that is believed to be less stressful and 
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has low skin resistance to penetrate deeper tissue. This allows for more targeted stimulation of the TrA muscle 
compared with superficial muscles [6, 29]. Secondly, draw-in exercises from a prone position guided by the 
use of a biofeedback device may have a role in the improvement of the TrA thickness, as the prone posture 
can stimulate the stretching receptor by producing deep abdominal muscular stretching that can raise the 
TrA muscle's motor neurons' excitation [24,30]. Also, Park., et al., stated that draw-in exercise from the prone 
lying showed more improvement in the thickness of abdominal muscles compared to that in the crook and 
supine lying positions, which induces the contraction of TrA muscle [30]. 
Endo et al., 2022[6] agree with the findings of the current study as reported a significant improvement in 
abdominal muscle thickness, including TrA, EO, and IO, under different IFC stimulation conditions in favor 
of the under 2.5 kHz and 20 Hz condition versus resting muscle thickness. Additionally, Yoo et al., 2023 [31] 
showed that when adding electrical muscle stimulation to strengthening exercises, the contracted TrA, EO 
and IO muscular thickness was greater compared to that received strengthening exercises alone in healthy 
individuals; however, their thickness at rest didn’t significantly differ. 
Regarding the effect of draw-in exercises on abdominal muscular thickness, many studies [32,23] discussed 
the impact of draw-in exercises on muscular thickness as Park and Yu, [23] reported that draw-in exercise 
alone significantly increases the TrA and EO's muscular thickness in chronic LBP patients, while IO thickness 
showed significant improvement following 4 weeks of core exercises. While, Kim et al., 2017 showed that the 
draw-in can be motivated by the combination of it with other stimulating factors [32]. 
In contrast to this study's findings, Atli et al., 2020 [33] revealed that adding neuromuscular stimulation to 
core exercises did not significantly alter the abdominal and lumbar muscular thickness in either group which 
owing to the variations in current parameters and patients’ tolerance. Also, Batistella et al., 2020 [34] stated 
that no large increase in multifidus thickness and increased resistance of trunk muscle in CLBP females after 
4 weeks of Russian current stimulation in comparison to the control group, and there was an equal difference 
between groups which is logically to be in contrast to the current study results owing to the difference in 
muscle structure, depth and nature of function, but the treated group's effect sizes were more than those of 
the controls. 
A possible explanation of the present study results regarding transverse abdominis endurance improvement 
after adding IFC stimulation to conventional treatment and draw-in exercises perhaps due to enhancements 
in motor control and adding stimulatory effects of IFC, that produce amplitude-modulated currents with low 
frequency deeply in the treated region to stimulate muscles and other tissues, including ligaments as well as 
nerves [10]. 
Zuo et al. 2024[10] reported that for enhancing functional parameters of core muscle, specifically strength 
and endurance, the adding of IFC stimulation to targeted core exercise was superior to IFC alone and had 
benefits for enhancing TrA endurance. Also, Hwang et al., 2020[35] stated a significant increase in endurance 
of the abdominal muscles as trunk flexion (29.1%), side bridge (24.6–28.9%) after neuromuscular electrical 
stimulation training. Additionally, Bueno et al., 2017[36] stated that Russian current stimulation was 
successful in maintaining multifidus muscular thickness in CLBP females resulting in improved endurance 
of the spinal extensor muscle. 
A possible rationale for the present study findings regarding pain intensity and functional disability 
improvement posttreatment in both groups compared with pretreatment in favor of the IFC group when 
comparing between groups is attributed to its analgesic effect rather than its effect on muscle contraction or 
change in muscle thickness [8]. Also, other authors attributed the pain reduction to its ability to activate TrA, 
as well as the improvement of circulation [8]. These were among the theories [37]. The significant decline in 
pain and significant increase of abdominal thickness posttreatment in both groups may be a direct rationale 
for increasing stability of the lumbar spine and functional disability improvement. 
 Many studies agree with the current study results regarding pain intensity as Batistella et al., 2020 [34] stated 
a significant decrease in pain intensity with a large effect size in females with CLBP after receiving Russian 
current stimulation as same as IF medium frequency stimulation indicating a higher tolerance to pressure. 
Also, Döhnert, 2016[9] stated that the level of pain and disability significantly reduced in each group in 
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discogenic LBP patients after combining IFC with lumbar stabilizing exercises may be due to the activation 
of the core muscles, decreasing the compression on the innervated structures during movements of the 
lumbar spine and increased strength of the trunk muscles, however, the study results showed that the 
stabilizing exercises more be effective both alone and in combination with IFC. 
Along with the current study's findings da Luz et al., 2019 [38] stated that pain severity and disability 
significantly reduced after receiving neuromuscular stimulation with core exercises compared to the 
neuromuscular stimulation alone. Also, Jain et al., 2024[39] discuss the effect of abdominal draw-in exercises 
on pain intensity in subjects with LBP and demonstrate that the level of pain has decreased and differed 
significantly between before and after intervention. 
The present study results were confirmed by the results of Atli et al., 2020 [33] that stated pain severity level 
and disability scores of the initial measurement significantly differ compared to the scores of the fourth and 
eighth weeks after adding neuromuscular stimulation to core exercises. These changes show a significant 
improvement in the patient's ability to manage daily activities suggesting the effectiveness of the combined 
intervention.  
Also results of Park and Yu, 2013 [23] are in line with the current study results regarding the draw-in exercises, 
which stated when comparing the core training and draw-in technique, the disability level significantly 
decreased due to the effectiveness of abdominal drawing-in in the improvement of EO/Tra muscle thickness 
while training the core muscles is more successful in improving IO muscular thickness. 
 
LIMITATIONS   
The potential limitation of this study is: that the efficacy of intervention was assessed for thickness of 
abdomen musculature only, so researchers are required to include other trunk muscles. Additionally, it is 
recommended that longitudinal research be applied to explore the long-term impact of combined IFC 
stimulation with drawing-in exercises on the thickness of abdomen musculature, transverse abdominis 
endurance, intensity of pain, and disability scores. 
 
CONCLUSION 
Adding interferential stimulation to conventional treatment and draw-in exercises would have a great value 
in improving abdominal muscle thickness, transverse abdominis endurance, pain, and disability in those 
suffering from CNSLBP. Therefore, the combination of IFC stimulation and therapeutic exercises may be of 
great effect in the treatment of patients with CNSLBP. 
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