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ABSTRACT  
OBJECTIVES  
This study aimed to examine the treatment efficacy of noninvasive neuromuscular stimulation, 
specifically cumulative charge activation technology (CCAT) by (1) quantifying healing responses of 
musculoskeletal tissues experiencing DOMS post-eccentric exercise; and (2) quantifying symptoms of 
delayed-onset muscle soreness (DOMS) in treatment versus control groups. 
METHODS 
Untrained, healthy subjects (n=24) were randomly assigned to treatment and control groups and 
performed an eccentric exercise protocol designed to elicit a DOMS response in elbow flexor muscles. 
The Control group recovered without post-exercise treatment; while the Treatment group received 5 
treatments of CCAT (using the Sigma Q® Bioneuro system) at 2 hours, 1, 2, 4 and 8 days post-exercise. 
Outcome measures collected to measure tissue damage and healing responses included: serum Creatine 
Kinase (CK) levels, relaxed elbow angle (REA), and maximum voluntary isometric contractions (MVICs). A 
survey was used to obtain subjective symptoms before and after exercise in both groups. ANOVA with 
repeated measures and linear regression techniques were used to examine objective and subjective 
outcomes. 
RESULTS 
The recovery slope of the REA in linear regression model was significantly different from zero (T=2.92, 
p<0.01) and almost twice as great as the Control group’s (T=1.39, p=0.169). Serum CK levels and MVICs 
were significantly associated with Day (p<0.05), but not Treatment (p > 0.05) effects. Self-reported 
soreness/stiffness of the exercised arm (p<0.001) and arm pain (p<0.05) demonstrated a Treatment x 
Day interaction, and simple main effects demonstrated decreased symptoms for the Treatment group 
on certain days. 
CONCLUSION 
Treatment with Sigma Q® Bioneuro-based CCAT was associated with reduced symptoms of 
stiffness/soreness and pain, and increased rate of recovery of REA. 
 
INTRODUCTION 
Individuals exposed to bouts of eccentric muscle exercise experience a short-term inflammatory 
response (peaking 1 to 3 days post-exercise) that is healed over the period of 1 to 2 weeks.1 2 This 
phenomenon is known as Delayed Onset Muscle Soreness (DOMS).3 4 The development of DOMS is due 
to the strain experienced by the muscle-tendon unit during eccentric contractions, which causes muscle 
fibers to incur damage generally in the vicinity of the myotendinous junction. Exposure to such loading 
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conditions typically results in pain, soreness and tenderness, and a significant decrease in force 
production capacity (thought to be due to sarcomere “popping “and disorganization).1  DOMS appears 
to be associated with damage to several structures, including muscle fibers,3 the sarcoplasmic reticulum4 
and connective tissue.5 Individuals who experience DOMS due to repeated eccentric contractions 
appear to  subsequently enjoy a training benefit (a resistance to damage from similar eccentric 
exertions) that may last up to 6 months.  This is sometimes referred to as the “repeated bouts effect”.6 

 
Various techniques have been suggested in attempt to relieve the symptoms of DOMS, or to decrease 
required healing time.5 These have included various stretching regimens (pre- and/or post-exercise),7 8 
use of non-steroidal anti-inflammatory drugs,9-11 and ice-packs and massage treatments to name a 
few.12 13 19 However, relatively little evidence exists to support the use of such techniques. 
 
Another method that has gained interest in relieving symptoms and potentially improving the healing 
process is the use of electrical stimulation therapies. The best-known technique has been referred to as 
transcutaneous electrical nerve stimulation (TENS), or the topical application of variable voltage pulses 
via skin electrodes with lower frequency levels, often producing a mild pricking sensation. This 
technique has been widely used by physical therapists, chiropractors, and others primarily as a 
treatment to control pain14 and as an attempt to increase the rate of healing.15 While the use of TENS 
has shown to be of benefit in the treatment of certain conditions,16 such treatment by itself or in 
combination with cold therapy does not appear to have been effective with respect to DOMS.17 19 

 
In this study, the authors sought to examine the efficacy of a new technique of neuromuscular activation 
in the treatment of DOMS with the Sigma Q® Bioneuro System (Biosysco Holdings Limited, London, UK). 
Though similar in topical electrode placement as the TENS technique, the Sigma Q® system differs by 
applying a high-frequency variable voltage series of pulses that produces a cumulative charge and 
activates neuromuscular deep-tissue muscle contraction. This cumulative charge activation technology 
(CCAT) is applied to activate muscle recovery and enhance performance. In published clinical case 
studies with neuromuscular injury patients, application of this system has demonstrated a marked 
improvement in patient mobility, lessening of pain, and enhanced rehabilitation18. While this previous 
evidence suggests a therapeutic effect, additional research was needed to assess efficacy of this 
technology in reducing symptoms and facilitating the healing process. Accordingly, the aim of this study 
was to evaluate whether treatment with CCAT was effective in reducing objective injury measures and 
subjective pain symptomatology following exposure to an eccentric exercise protocol designed to elicit a 
DOMS response.  
 
METHODS 
PATIENT AND PUBLIC INVOLVEMENT 
Patients or the public were not involved in the design, or conduct, or reporting, or dissemination of our 
research. 
 
SUBJECTS 
All procedures used in this investigation were reviewed and approved by Institutional Review Board 
(IRB). Twelve males and twelve females (24 volunteers total), in the age range of 19 to 30 years, were 
recruited in accordance with the IRB process, i.e. participants were required to meet inclusion and 
exclusion criteria to be eligible for the study. Subject demographic data are presented in Table 1.  All 
subjects were in good general health and were required to provide informed consent prior to 
participation. Subjects who had engaged in eccentric weight training within the prior 6 months or with 
prior history of arm pain, breathing problems, blood conditions, or other discomfort with phlebotomy 
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procedures were excluded from study participation. Subjects were financially compensated for their 
participation. 
 
Table 1.  Subject Demographic Data 

 
 
CCAT TREATMENT SETUP 
The CCAT treatment was administered using the Sigma Q® Bioneuro cumulative charge activation device 
(Figure 1) and active (50mm x 50mm) electrode connectors (Figure 2). This device is an analog-based, 
multifunctional device designed to be adjustable for timed therapy sessions. There are four output 
modes. These include combinations of two rhythm generators and wave signal indicators based on 
positive or negative polarity. 

 

 
Figure 1. Bioneuro®  Unit Figure 2. Connecting wires and electrodes 

 
Gel adhesive cutaneous electrodes manufactured by Axelgaard Manufacturing, Ltd. (model numbers 
K130987 and K970426) were used. The signal is conducted through lead wires which are dispersed from 
the wire across a conductive surface, then transmitted through the conductive, adhesive gel to the 
surface of the subject’s skin.  Since the electrodes do not require external conductive gel and are 
reusable, each subject could reuse his or her same set of electrodes throughout the course of the 
experimental study. 
 
 
PROCEDURES 
The experimental timeline encompassed a 15-day period from start to finish for each participant (Figure 
3). If the selection criteria were met, the participant was randomly assigned to either the Control or 
Treatment group. Seven days prior (Day -7) to the Delayed Onset Muscle Soreness (DOMS) protocol, 
subjects of both groups were familiarized with the equipment and noninvasive protocols and certain 
resting baseline measures were recorded, including: (1) three maximum isometric voluntary 
contractions (MIVCs) of non-dominant arm elbow flexors, which were used as baseline values of elbow 
flexor strength; (2) Individualized neuro-activation signal profile parameters with baseline set at mid-
level intensity in the upper and forearm muscles of the non-dominant arm (3) A wellness survey to 
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assess baseline values for ratings of pain, stiffness/soreness, sleep quality, and physical activity 
limitations. The same wellness survey was filled out on 4 days prior to the DOMS protocol (Day -4). 
  

 
Figure 3. Experiment timeline. DOMS protocol was administered on Day 0. CCAT was administered to 
the treatment group only. 
 
On the day of administration of the DOMS protocol (Day 0), subjects first provided 5 ml blood samples 
used to assess serum CK. Later in the day, subjects performed 3 MVCs of the elbow flexor group, had 3 
baseline relaxed elbow angle readings measured, and completed the symptom survey. Once these 
baseline measures were obtained, participants were then subjected to a strenuous muscle contraction 
protocol consisting of up to 6 sets of 8 eccentric contractions at the speed of 60° per second, 
interspersed with 2-minute rest periods using a Biodex dynamometer2 (Biodex Medical Systems, NY, 
United States) (Figure 4). Participant REAs and MVICs were recorded for 3 times respectively 
immediately post-exercise. Subjects assigned to the treatment group were provided CCAT 2 hours after 
the DOMS protocol was administered (Figure 3). 
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On days post-DOMS protocol, during the inflammation and recovery processes, data on various 
outcomes were collected. For the treatment group, treatment was provided on Days 0, 1, 2, 3 and 4. For 
both control and treatment groups, on Days 1, 2, 4 and 8, CK levels were measured, 3 MVCs (separated 
by 2-minute rest periods) and REA were measured; on Days 1, 2, 3, 4, and 8, the wellness survey was 
administered.  
 

 
Figure 4. Each eccentric contraction started with the subject seated on the Biodex dynamometer with 
non-dominant elbow starting in (A) flexed posture and ending in (B) extended posture. 
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Figure 5. (A) Participants were situated in a comfortable sitting position to allow access to the 
treatment area. (B) The noninvasive electrode pad delivery apparatus was applied topically directly to 
the skin, subsequent to skin cleaning with an approved alcohol-based cleanser. The electrodes were 
placed on the upper back and at the bicep insertion points and elbow flexor junction on the distal side 
and proximal locations to provide localized treatment of the arm muscles that are undergoing the 

experimental DOMS protocol. 
 
The individual CCAT treatment session consisted of a 15-minute protocol focused on eliciting a deep-
tissue rehabilitative response in the localized elbow flexors (along the brachial nerves). The protocol 
started by slowly ramping up to each subject’s perceived mid-level intensity (recorded from the earlier 
resting baseline session) – alternating the 2 rhythm generator settings with 5 minutes of negative 
polarity output mode signal, followed by 5 minutes of positive polarity output mode signal, and finishing 
up with 5 minutes at the negative polarity output mode. 
 
OBJECTIVE OUTCOMES 
Relaxed elbow angle (REA) and maximum isometric voluntary contractions (MIVCs) were measured on 
Days 0, 1, 2, 4 and 8 to gauge DOMS and recovery during the recovery period. Relaxed elbow angle was 
while subjects stood with the arm hanging vertically. Figure 6 provides an example the change in REA 
from Day 0 (immediately post-exercise) to Day 2 (the second day post-exercise). MIVCs were measured 
using a Biodex dynamometer, testing the non-dominant arm, exerting the maximum isometric voluntary 
flexion force for 5 seconds with 2-minute rest in between the 3 repetitions. Mean and peak forces 
recorded by the Biodex software. Creatine Kinase (CK) levels on Days 0, 1, 2, 4 and 8 were measured to 
gauge muscle damage and recovery over time. 
 
SUBJECTIVE OUTCOMES 
Subjective outcomes were collected through repeated wellness surveys on Days -7, -4, 0, 1, 2, 3, 4 and 8. 
Subjects filled out the surveys by rating the following questions on a Likert 1 to 5 scale. 

1. Rate non-dominant arm soreness/stiffness by flexing arm and contracting bicep hard for 3 
seconds. (1=None, 2=Mild, 3=Moderate, 4=Severe, 5=Extreme) 

2. In the past 24 hours, were you limited in your work or other regular daily activities because of 
shoulder, arm or forearm pain? (1=Not Limited at All; 2=Slightly Limited; 3=Moderately Limited; 
4=Very Limited; 5=Unable) 

3. Rate the severity of shoulder, arm or forearm pain in the last week. (1=None, 2=Mild, 
3=Moderate, 4=Severe, 5=Extreme) 

4. During the last 24 hours, how much difficulty have you had sleeping because of pain in your 
shoulder, arm, or forearm? (1=No difficulty, 2=Mild difficulty, 3=Moderate difficulty, 4=Severe 
difficulty, 5=Couldn’t Sleep) 

 
STATISTICAL ANALYSIS 
Analysis of variance (ANOVA) with repeated measures was used to determine if significant differences 
exist between control and experimental groups, between genders, and days. Treatment group and 
gender were between-subjects variables, and Day was a repeated-measures variable. Linear regression 
techniques were used to examine the rate of recovery of the REA. Alpha levels were set at 0.05 in all 
cases.  
 
RESULTS 
OBJECTIVE OUTCOMES 
Maximum Isometric Voluntary Contraction 
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A significant Day and Gender interaction (F5, 100=4.229, p=0.0016) was observed from the 3-way ANOVA 
examining factors Treatment, Gender, Day and interactions. Comparing the 2 genders on individual 
days, male’s MIVCs were significantly greater than female’s on all days (Day 0 PRE: p=0.0015; Day 0 
POST: p=0.0048; Day 1: p=0.0044; Day 2: p=0.0074; Day 4: p=0.0023; Day 8: p=0.0008). Comparing each 
gender’s MVICs over time, male’s MIVCs on Day 0 pre-exercise were significantly greater than Days 0 

 
Figure 6.  Average REA on (A) Day 0 was 154.5 degrees, and on (B) Day 2 was 158.0 degrees. 
 
post-exercise (p=0.0002), 1 (p=0.0096), and 2 (p=0.0212); male’s MVICs on Day 8 were significantly 
greater than Days 0 post-exercise (p=0.0002), 1 (p=0.0003) and 2 (p=0.0013). Female’s MIVCs on Day 0 
pre-exercise were significantly greater than Days 0 post-exercise (p<0.0001), 1 (p<0.0001), and 8 
(p=0.0037); female’s MIVCs on Day 0 post-exercise were significantly lower than Days 2 (p=0.0432), 4 
(p=0.0016), and 8 (p<0.0001) (Figure 7A). Overall, MIVCs on Day 0 pre-exercise were significantly greater 
than days 0 post-exercise (p<0.0001), 1 (p<0.0001) and 2 (p=0.0013); MIVCs on Day 1 were significantly 
lower than days 4 (p=0.0005) and 8 (p<0.0001); MIVCs on Day 2 were significantly lower than Days 4 
(p=0.0032) and 8 (p<0.0001); MIVCs on Day 4 were significantly lower than Day 8 (p=0.0068) (Figure 7B). 
 
Relaxed Elbow Angle 
ANOVA results indicated that Day had a significant effect on REAs (F5, 100=20.20, p<0.0001). A trending 
effect of Day and Gender was observed (F5, 100=2.017, p=0.0826). None of the pairwise comparisons 
between males and females on individual days was significant. (Figure 7D). The rate of recovery of REA 
from Day 0 (post-exercise) through Day 8 for both Treatment and Control groups was examined using 
linear regression.  For the Control group, the equation obtained was:  
 
   REA (degrees) = 152.1 + 0.2995 * Day 
 
whose slope was not significantly different from zero.  Linear regression analysis for the Treatment 
group generated the following equation: 
 
  REA (degrees) = 152.4 + 0.5607 * Day 
 

A B 
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with a significant slope (p = 0.0049).  The coefficients of these equations indicate that starting from 
approximately the same resting elbow angle on Day 0 post-exercise, the treatment group REA recovered 
at approximately twice the rate of recovery of that experienced by the control group (Figure 7C). 
 
Creatine Kinase  
Gender significantly affected CK levels from the results of the 3-way ANOVA (F1, 20=8.791, p=0.0077). Day 
was a significant factor (F1, 22=9.240, p=0.0060) when non-significant terms were pooled with error. On 
Day 1, males’ CK was significantly greater than females’ (p=0.0177) (Figure 7E, F).  
 
SUBJECTIVE OUTCOMES 
Results of subject perceptions of soreness/stiffness (Figure 8A) from 3-way ANOVA demonstrated a 
significant interaction of Treatment and Day (F5, 100=7.738, p < 0.0001). Subject reports of Arm Pain also 
exhibited a significant Treatment by Day interaction (F5,100 =2.56, p=0.032), as shown in Figure 8B. 
 
Subjects’ perceived limitations in work and daily activities demonstrated a significant Day effect (F5, 

100=8.143, p < 0.0001) and trending Treatment by Day interaction (F5, 100=1.940, p=0.0943) and Gender * 
Day interaction (F5, 100=1.924, p=0.0970) effects. In the Control group, the rating was significantly lower 
on Day 0 than Days 1 (p=0.0282), 2 (p=0.0282), and 4 (p=0.0463); Day 8’s rating was significantly lower 
than Days 1 (p=0.0176), 2 (p=0.0176) and 4 (p=0.0146). Finally, subject assessment of sleep quality was 
found not to be affected by any of the independent variables (p > 0.05). 
 
DISCUSSION 
Results of this study suggest that the treatment with CCAT demonstrated beneficial effects in both 
objective and subjective outcomes. Results of the regression analyses of the recovery of the relaxed 
elbow angle in the treatment and control groups showed a significant slope in REA recovery for the 
treatment group, but not for the control group. REA is thought to be due to an influx of calcium from the 
damaged sarcoplasmic reticulum and appears to be indicative of the amount of damage sustained by 
the affected muscle due to eccentric contractions4. Results showing that the treatment groups 
experienced a faster recovery of the baseline relaxed elbow angle, suggest the possibility that repair to 
the sarcoplasmic reticulum may be enhanced as a result of the treatments provided. Further research 
may be necessary to verify this possibility. However, no treatment effects were observed for recovery of 
isometric strength or expression of CK. 
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Figure 7. (A, B) Peak isometric MVCs (mean ± SD) over time. (C, D) Relaxed elbow angle (mean ± 
SD) over time. (E, F) Ln-Ln-transformed Creatine Kinase (CK) levels (mean ± SD) over time. 

 
Treatment by Day interactions in this study suggest remedial effects of the CCAT regarding subjective 
outcomes (Figure 8), including ratings of arm pain and arm stiffness/soreness. Statistical trends were 
observed for subjective assessment of limitations in work and daily activities, and physical readiness. It is 
notable that for all of these subjective measures (shown in Figure 8), the responses of the Treatment 
group were consistently lower throughout the recovery period compared to the Control Group. It is 
generally observed that the rating peaked on 1 and 2 days post-exercise and recovered nearing Day 8. 
There were no adverse outcomes reported by the subjects due to the treatment.  
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All studies have inherent limitations and this one is certainly no different. Gender was observed to be a 
significant contributing factor of subjective outcomes of this study. The authors therefore suggest 
subjects with a variety of individual characteristics, such as gender, age and BMI, to be considered in the 
future and be recruited of sufficient sample sizes in order to gain understanding of the recovery and 
injury pathways of these sub-populations. While the sample size selected was similar to other studies of 
this sort, the sample size was somewhat small. This might have affected the ability to achieve significant 
results for certain measures. Furthermore, because subjects could not serve as their own control in this 
study (due to the conditioning effect obtained with eccentric exercise), differences between the 
treatment and control conditions were relatively large.  However, this model of injury and repair of 
musculoskeletal tissues required such a design. Nonetheless, it is noteworthy that several significant 
differences existed in the pattern of responses for subjective and objective measures between control 
and treatment conditions. These findings contribute to improving the understanding of CCAT’s effect on 
eccentric-exercise related DOMS. 
 

In conclusion, Sigma Q® Bioneuro-based CCAT treatment resulted in a significant decrease in 
the self-reported ratings of the symptoms of pain, stiffness, and soreness post-eccentric-
exercise. The treatment group demonstrated a significant rate of recovery post-exercise in 
relaxed elbow angle (REA), nearly twice that of the control group. Overall, treatment with the 
cumulative charge activation technology displayed substantial measurable improvement in 
flexibility and functionality recovery as well as considerable reduction in perception of pain post 
injury with no adverse effects on all measures of recovery. 
 
ACKNOWLEDGMENTS 
We would like to acknowledge the expertise, time and support provided by Maria Schmidt and Dr. 
Lovely Krishen in the application of the Bioneuro Sigma Q® System treatment protocol to the 
experimental group test subjects. Our gratitude also goes to the Auburn University Medical Clinic, 
whose staff assisted with serum collection and analysis, as well as East Alabama Medical Clinic Rehab 
Works, where the Biodex dynamometer was hosted.  
 



 11 

 
Figure 8. (A) Self-reported rating of soreness/stiffness of the DOMS arm (mean ± SD) over time. (B) Self-
reported rating of pain of the DOMS arm (mean ± SD). (C) Self-reported rating of limitations of 
work/daily activities (mean ± SD) over time. 
 
DECLARATION OF INTEREST 
The authors report no conflicts of interest. 
 
REFERENCES 

D0 D1 D2 D3 D4 D8

0

1

2

3

4

Soreness/Stiffness - by Group

S
c
o

re

Control

Treatment

D0 D1 D2 D3 D4 D8

0

1

2

3

Limitation in Work/Daily Activities

- by Group

S
c
o

re

Control

Treatment

D0 D1 D2 D3 D4 D8

0

1

2

3

4

Shoulder Arm/Forearm Pain

- by Group

S
c
o

re

Control

Treatment

A

B

C



 12 

1. O. Prasartwuth, J. L. Taylor, and S. C. Gandevia, “Maximal force, voluntary activation and muscle 
soreness after eccentric damage to human elbow flexor muscles,” The Journal of Physiology, vol. 
567, no. 1, pp. 337–348, 2005.  

2. T. T. G. Smith and S. Gallagher, “Impact of loading and work rest intervals on muscle micro-
trauma,” International Journal of Industrial Ergonomics, vol. 66, pp. 161–168, 2018.  

3. R. B. Armstrong, “Mechanisms of exercise-induced delayed onset muscular soreness,” Medicine 
& Science in Sports & Exercise, vol. 16, no. 6, 1984.  

4. M. J. Cleak and R. G. Eston, “Muscle soreness, swelling, stiffness and strength loss after intense 
eccentric exercise.,” British Journal of Sports Medicine, vol. 26, no. 4, pp. 267–272, 1992.  

5. D. Curtis, S. Fallows, M. Morris, and C. Mcmakin, “The efficacy of frequency specific 
microcurrent therapy on delayed onset hamstring muscle soreness,” British Journal of Sports 
Medicine, vol. 45, no. 2, 2011.  

6. K. Nosaka and P. M. Clarkson, “Muscle damage following repeated bouts of high force eccentric 
exercise,” Medicine & Science in Sports & Exercise, vol. 27, no. 9, 1995.  

7. R. D. Herbert, “Effects of stretching before and after exercising on muscle soreness and risk of 
injury: systematic review,” Bmj, vol. 325, no. 7362, pp. 468–468, 2002.  

8. A. Cornwell, A. G. Nelson, and B. Sidaway, “Acute Effects Of Passive Stretching On The 
Neuromechanical Behavior Of The Triceps Surae Muscle Complex,” Medicine & Science in Sports 
& Exercise, vol. 31, no. Supplement, 1999.  

9. J. M. Grossman, B. L. Arnold, D. H. Perrin, and D. M. Kahler, “Effect of Ibuprofen Use on Delayed 
Onset Muscle Soreness of the El bow Flexors,” Journal of Sport Rehabilitation, vol. 4, no. 4, pp. 
253–263, 1995. 

10. S. P. Sayers, C. A. Knight, P. M. Clarkson, E. H. V. Wegen, and G. Kamen, “Effect of ketoprofen on 
muscle function and sEMG activity after eccentric exercise,” Medicine and Science in Sports and 
Exercise, pp. 702–710, 2001.  

11. A. B. Lanier, “Use of Nonsteroidal Anti-Inflammatory Drugs Following Exercise-Induced Muscle 
Injury,” Sports Medicine, vol. 33, no. 3, pp. 177–186, 2003. 

12. P. Tiidus and J. Shoemaker, “Effleurage Massage, Muscle Blood Flow and Long-Term Post-
Exercise Strength Recovery,” International Journal of Sports Medicine, vol. 16, no. 07, pp. 478–
483, 1995.  

13. J. T. Lightfoot, D. Char, J. Mcdermott, and C. Goya, “Immediate Postexercise Massage Does Not 
Attenuate Delayed Onset Muscle Soreness,” Journal of Strength and Conditioning Research, vol. 
11, no. 2, pp. 119–124, 1997.  

14. M. I. Lambert, P. Marcus, T. Burgess, and T. D. Noakes, “Electro-membrane microcurrent 
therapy reduces signs and symptoms of muscle damage,” Medicine & Science in Sports & 
Exercise, vol. 34, no. 4, pp. 602–607, 2002.  

15. J. Hunckler and A. D. Mel, “A current affair: electrotherapy in wound healing,” Journal of 
Multidisciplinary Healthcare, vol. Volume 10, pp. 179–194, 2017. 

16. J. M. DeSantana, D. M. Walsh, C. Vance, B. A. Rakel, and K. Sluka, “Effectiveness of 
Transcutaneous Electrical Nerve Stimulation for Treatment of Hyperalgesia and Pain,” Current 
Rheumatology Reports, Dec. 2008.  

17. J. A. Craig, M. B. Cunningham, D. M. Walsh, D. Baxter, and J. M. Allen, “Lack of effect of 
transcutaneous electrical nerve stimulation upon experimentally induced delayed onset muscle 
soreness in humans,” Pain, Oct. 1998. 

18. R. Ciaff, “Apparatus for the diagnosis and therapy of neuro-muscular and other tissue 
disorders,” 22-Mar-2005.  



 13 

19. C. D. Denegar and D. H. Perrin, “Effect of transcutaneous electrical nerve stimulation, cold, and a 
combination treatment on pain, decreased range of motion, and strength loss associated with 
delayed onset muscle soreness,” Journal of Athletic Training, 1992. 


