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Abstract 
Purpose/Hypothesis: To determine if agreement exists between microcurrent conductance through 
the skin over an injury, myoglobin levels in the serum, and diagnostic ultrasound measurements 
of swelling. Number of Subjects: 140. Materials/Methods: Subject underwent microcurrent con-
ductance, serum myoglobin, diagnostic ultrasound, and strength testing before and after delayed 
onset muscle soreness (DOMS) was induced. Non-control subjects were also given a therapy wrap, 
dry heat, moist heat, or cold, either applied immediately or delayed 24 hours. Results: After in- 
duction of DOMS, there was agreement between significant 37% decreases in microcurrent con- 
ductance, significant 37% serum myoglobin increases, and significant 20% increases in quadriceps 
size, measured by diagnostic ultrasound. When either dry heat or cold was applied immediately, 
changes in these measurements were insignificant and less than 10%. Agreement was weaker 
when treatment was delayed 24 hours. Also, cold packs showed less than a 5% decrease in micro- 
current conductance for covered areas compared to a 22% decrease for uncovered areas around 
the knee with 24 hour delay. Moist heat packs showed an insignificant change overall, but a 
significant 11% decrease for the covered center of the quadriceps with immediate treatment. 
Strength decreased 25% after DOMS, and all immediate treatments, along with 24 hour delayed 
cold and moist heat showed significantly smaller decreases. Conclusions: Changes in microcurrent 
conductance through the skin over injured tissue appear to be indicative of initial injury and 
recovery, and also for detecting the specific area of the injury. Clinical Relevance: Microcurrent 
through the skin over injured tissue appears to be a promising objective measurement of tissue 
injury as well as recovery from injury. 

 
Keywords 
Soft Tissue Injuries, Electric Resistance, Outcome Assessment, Ultrasonography 

 

http://www.scirp.org/journal/ijcm
http://dx.doi.org/10.4236/ijcm.2014.59073
http://dx.doi.org/10.4236/ijcm.2014.59073
http://www.scirp.org/
http://creativecommons.org/licenses/by/4.0/


T. Hui et al. 
 

 
532 

1. Introduction 
Heat and cold modalities have been used to treat musculoskeletal injuries for years. Some studies have reported 
positive results from these therapies, but these studies have generally relied on subjective outcome measures [1]- 
[3]. Purely objective outcomes, such as blood tests, have been attempted, but results have been mixed [4] [5]. 
However, microcurrent conductance has shown promise as an effective, non-invasive outcome measure of mus-
culoskeletal injury [6]. 

One benefit of evaluating soft tissue injury with microcurrent conductance is that it does not require any sub-
jective input from the patient. Therefore, differences in pain perception, which can be significant, are eliminated 
[7]. 

Research has shown a 70% decrease in microcurrent conductance in the skin over an injury compared to un-
injured tissue [6]. The proposed reason for this decrease is that tissue conductance decreases with hypoxic dam-
age [8]. Wounds demonstrate hypoxia from increased metabolic activity [9], so the decrease in conductance 
could be due to microcurrent travelling through hypoxic tissue. This was tested by inducing hypoxia for five 
minutes, with results showing significant decreases in microcurrent [6]. 

Although more invasive than microcurrent, blood tests are another objective measure of body function. A 
blood test that could detect muscular injury is serum myoglobin. Since myoglobin is normally only within mus-
cle cells, its presence in the blood indicates disruption of the sarcolemma of those cells [10]. As swelling occurs 
concurrently with this disruption, the size of the muscle should increase and be visible with diagnostic ultra-
sound imaging. Studies have shown increases in serum myoglobin occurring alongside delayed onset muscle 
soreness (DOMS) [10] [11]. In one study, serum myoglobin levels rose in individuals undergoing a therapeutic 
exercise program, with levels significantly higher on the third day after exercise [11]. In another exercise study, 
untrained subjects experiencing DOMS after exercise also showed significant increases in myoglobin. Also, 
once subjects had undergone a regiment of physical training, they experienced less DOMS and had significantly 
lower myoglobin levels than at the start [12]. For more substantial muscular injury, a case study for exercise in-
duced rhabdomyolysis, when extreme overuse results in muscle breakdown, blood tests showed a greater than 
50 fold increase in myoglobin, as well as increased creatine kinase and aspartate aminotransferase [13]. Howev-
er, studies have also shown a great variation in levels of myoglobin within the blood. This is due to the fact that 
blood proteins are diluted throughout the subject’s blood supply, and that kidney filtration is constantly remov-
ing aberrant particles [14] [15]. 

One commonly used therapy for soreness is heat therapy with the moist heat pack being the most common 
form of this therapy [16]. The physiological effects of heat therapy have been well studied. Heat therapy in-
creases circulation when therapy is applied between 30 and 45 degrees Celsius, which is the likely cause of its 
therapeutic effects [17]. 

Research has shown heat to be effective in reducing pain [18] [19], but functional outcomes give conflicting 
results. When testing subjects with arthrogenic inhibition for muscles around the knee, a moist heat pack did not 
create any significant changes in the strength of knee extension [18]. However, another study showed strength 
increases at the knee after heat for subjects with osteoarthritis [19]. 

Another common modality for muscle soreness is cold therapy. The mechanism of cold therapy, or cryothe-
rapy, has not been as well studied as heat. However, cryotherapy has been shown to significantly reduce pain in 
subjects with muscle damage from exercise [20]. Though the physiological mechanisms are not known, cryo-
therapy is commonly used for acute soft tissue injuries to reduce pain and swelling. It may also have an an-
ti-inflammatory effect [3]. 

With the heat or cold therapy, it is possible that there would be less injury shown either through measure-
ments of serum myoglobin or through microcurrent conductance, and also less swelling as viewed by diagnostic 
ultrasound. It is also possible that a function change, such as muscle strength, would also be affected by the 
quantity of injury. Previous studies have shown microcurrent and myoglobin changes with soft tissue injury, 
along with functional changes. However, the outcomes have not been tested together and compared for agree-
ment. Ideally, there should be agreement, but due to the limitations listed above, weaker agreement should be 
observed in less ideal situations. Therefore, the purpose of this study was to determine if agreement exists be-
tween microcurrent resistance through the skin over an injury, myoglobin levels in the serum, and swelling as 
determined by diagnostic ultrasound. Also, we wished to determine if there was a corresponding functional 
change. 
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2. Subjects 
This study recruited 140 healthy subjects, between age 20 - 40, and free of any orthopedic or neurological con-
ditions, and between the ages of 20 and 40. Subjects were randomly divided into 1 control and 6 treatment 
groups: immediate and 24 hour delayed cold, immediate and 24 hour delayed heat, and immediate and 24 hour 
delayed moist heat. The ages, heights and weights of the groups showed no statistical difference. 

The general characteristics are listed in Tables 1-7. Subjects were recruited from the students and faculty of 
Loma Linda University, or from the community. The experimental protocol, approved by the Institutional  
 

Table 1. Demographics of control group. 

 age (years) height (cm) weight (kg) BMI 

mean 25.3 165.9 63.7 23.1 

sd 3.0 6.0 10.4 3.5 

 
Table 2. Demographics—cold immediate. 

 age (years) height (cm) weight (kg) BMI 

mean 25.5 174.4 67.2 22.0 

sd 2.7 9.2 12.4 2.5 

 
Table 3. Demographics—24 hour delayed cold. 

 age (years) height (cm) weight (kg) BMI 

Mean 26.1 170.3 74.1 25.3 

Sd 2.8 8.6 26.6 7.7 

 
Table 4. Demographics—dry heat immediate. 

 age (years) height (cm) weight (kg) BMI 

Mean 26.1 166.1 67.0 24.2 

Sd 2.6 10.1 12.6 3.5 

 
Table 5. Demographics—24 hour delayed dry heat. 

 age (years) height (cm) weight (kg) BMI 

Mean 24.9 166.3 62.6 22.5 

Sd 3.0 10.6 15.5 4.0 

 
Table 6. Demographics—moist heat immediate. 

 age (years) height (cm) weight (kg) BMI 

Mean 24.9 172.8 69.0 23.0 

Sd 1.9 7.6 9.7 2.2 

 
Table 7. Demographics—24 hour delayed moist heat. 

 age (years) height (cm) weight (kg) BMI 

Mean 26.3 167.4 66.7 23.6 

Sd 2.8 7.6 13.7 3.4 
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Review Board of Loma Linda University, was explained to each subject and the subjects gave their written in- 
consent for the study. 

3. Methods 
Subjects were tested over five consecutive days, generally Monday to Friday. On day 1, baselines were estab-
lished for all outcome measures. On day 1, 3, 4, and 5, microcurrent and strength measurements were taken. 
Blood was drawn on days 1 and 4. Subjects underwent strenuous exercise on day 2 to create DOMS. 

A prototype device from Mettler Electronics (Anaheim, CA) called a Zone Finder measured microcurrent in 
microamperes by running a calibrated 100 microamp DC microcurrent between two probes. Distance between 
probes was kept constant at 2.5 cm for all measurements. The force on each probe was measured with force 
gauges and kept constant at 3.6 newtons for all measurements. The subject’s skin was cleaned with alcohol to 
remove oil and dirt and readings were taken after cotton pads soaked in 0.9% saline were placed into the probes. 
By reporting microamperes, this instrument measures conductance, which is the reciprocal of electrical resis-
tance (C = 1/R). 

Plasma myoglobin was tested using commercially available enzyme-linked immunosorbent assay (ELISA) 
kits in a 96 well plate format according to the manufacturers’ instructions—Plasma Myoglobin (MG017C: Cal-
Biotech, Spring Valley, CA) 

Musculoskeletal ultrasound (US), a useful imaging tool in examining muscle damage, was imaged with a 
L14-6 MHz linear array transducer (Mindray-M7 Diagnostic Ultrasound System) and acoustic coupling gel, and 
aligned vertically with the quadriceps muscle belly. The spot of measurement was 40% of the distance between 
the crest of the hip and top of the patella and marked, and with the femur in the center of view. Longitudinal and 
cross sectional views were both taken. 

Quadriceps strength was tested on seated subjects with a dynometer. Subjects were told to extend their knee 
in an isometric contraction with maximum force, and hold their force constant for 3 - 4 seconds. 

Subjects in test groups received heat therapy using an 8 hour heatwrap from ThermaCare(®) (Pfizer Consum-
er Healthcare, Richmond, VA), a two hour moist heat pack, or a 20 minute cold wrap. The dry heat, moist heat, 
and cold wraps all came in a standardized size, large enough to surround the quadriceps. However, the moist 
heat wraps were half the size of the other wraps, leaving more of the distal and proximal quadriceps uncovered. 

4. Procedures 
On measurement days, blood samples were first taken if indicated for the day. Subjects were evaluated then for 
microcurrent and strength. For microcurrent, measurements were taken at the distal, mid, and proximal quadri-
ceps, medially, centrally, and laterally while supine. A single measurement at the midpoint of the quadriceps 
was also taken while seated, making a total of ten measurements per leg per day. The unit was calibrated to 100 
microamps before each subject was tested. 

On the exercise day, subjects were exercised with three 5-minute sets of squats with no added resistance. 
During those 5 minutes, subjects were told to perform as many squats as possible, with three minutes to rest 
between sets. Heat or cold was applied after exercise or the following day, as indicated by group.  

5. Statistical Analysis 
P-values were generated using a two-tailed t-test assuming equal variances. Results were normalized into per-
cent change for results. 

6. Results 
Figure 1 shows the average microcurrent changes from baseline for all groups. For microcurrent, decreases 
were significant (p < 0.01) from baseline after DOMS was induced. In the treatment groups, there were signifi-
cant changes from control after exercise for immediate heat and 24 hour delayed heat (p < 0.05). Looking at 
specific areas, the greatest changes for the control were seen around the knee, where there was a 43% decrease 
after three days as opposed to a 28% decrease for all other areas. Of the other areas, the greatest change was at 
the center of the quadriceps while supine, with a 37% decrease. With immediate heat, the changes were signifi-
cantly less than control with a 5% decrease (p < 0.001) around the knee on the third day, while the other areas  
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Figure 1. Average microcurrent changes in measurements from both quadri-
ceps selected from the day with a greater decrease of the final two days. Cold 
immediate, Dry heat immediate, and Dry heat 24 hour delayed were signifi-
cantly different from Control (P < 0.05). 1. Excluding knee areas, Cold 24 hour 
delay was 95% of baseline, P < 0.05. 2. Focusing on bilateral midpoint read-
ings, Moist heat was 89% of baseline, P < 0.05. 

 
showed a 3% decrease (p < 0.00001). When heat was delayed 24 hours, changes were significantly less (p < 
0.001) at the knee (43% decrease for control, 9% decrease for 24 hour heat) and at all other areas (28% decrease 
for control, 9% decrease for 24 hour heat). 

For immediate moist heat, changes were insignificant. However, taking only the 4 readings from the middle 
of the quadriceps, which was definitely covered by the pad, changes were significantly different from control (P 
< 0.01) with an 11% decrease. When moist heat was delayed 24 hours, changes were insignificant, with the knee 
decreased 34% while the other areas decreased 24%. 

When utilizing immediate cold therapy, decreases in microcurrent were significantly different than control for 
all days tested, though knee levels were consistently more decreased than the other areas. When cold was de-
layed for 24 hours, changes were insignificant when taken as a whole, but different effects were seen depending 
on the specific area on the quadriceps. For areas other than the knee, a significant change occurred (P < 0.05), 
with decreases from 28% on the first day to only a less than 2% decrease on the last day. Knee decreases were 
insignificant, going from 43% on the first day to 22% on the last day. Treatment effect was the least for the lat-
eral knee, where decreases went from 45% the first day to 29% the final day.  

Myoglobin levels significantly increased after induced DOMS when no treatment was applied, as well as 
when any treatment was delayed for 24 hours. However, no matter what treatment was applied immediately af-
ter treatment, the results were essentially the same, with no significant change. When measured by Ultrasound, 
quadriceps size significantly increased (p<0.01) by 20% in the control group three days after induced DOMS. 

Figure 2 shows the change in myoglobin in the serum after exercise. The average myoglobin pre exercise was 
33.0+/−4.6 micrograms per liter of blood. The largest increases in myoglobin were after dry, moist and cold at 
24 hours. These changes in myoglobin (% above rest in Figure 2) were significantly higher than baseline but not 
different form each other. (p > 0.05) Heat and cold immediately did allow for an increase in myoglobin but it 
was not significantly different than the resting data (p > 0.05). From the diagnostic ultrasound date, quadriceps 
size increased significantly compared to resting (p < 0.01). For the treatment groups, increases in quadriceps size 
were not significantly different than baseline. 

Figure 3 shows the average strength changes from baseline for all groups.For strength, all of the treatment 
groups demonstrated smaller declines after DOMS compared to the control. The dry and moist heat groups 
showed the least strength decline. Changes for all groups, except dry heat 24 hour delayed, demonstrated signif-
icant changes (p < 0.05). 

7. Discussion 
In the past, studies have shown changes from various outcome measures as a result of tissue injury [1] [4]. Mi- 
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Figure 2. Absolute value of percentage change in microcurrent, myoglobin, and 
quadriceps size measured by ultrasound in the control and heat, moist heat and con-
trol groups. Each group represents the average data on 20 subjects recorded 2 or 3 
days after DOMS induction. 

 

 
Figure 3. Strength measurements from the day with a greater decrease of the 
final two days. All groups, except Dry heat 24 hour delayed, were signifi-
cantly different from control (p < 0.05). 

 
crocurrent conductance, serum myoglobin, and muscular strength have shown changes as a result of tissue injury 
[6] [10] [18]. However, these outcome measures have not been tested concurrently so their result could be com-
pared. In this study, we tested and compared microcurrent conductance, serum myoglobin, muscular strength, 
and also swelling with diagnostic ultrasound on subjects where delayed onset muscle soreness was induced, and 
also where heat or cold therapy was applied after injury. 

Microcurrent readings showed significant decreases after DOMS was induced, creating a strong inverse rela-
tionship with myoglobin levels, which rose significantly. Microcurrent decreases did not occur when any of the 
three treatments were immediately applied, where microcurrent showed slight decreases the following day, but 
conductance was essentially unchanged from baseline on later days. Myoglobin, as well, showed little change 
with immediate treatment, thus showing high agreement with microcurrent. Therefore, in terms of DOMS ef-
fects, serum myoglobin and microcurrent conductance show strong agreement. 

Comparing microcurrent and myoglobin with ultrasound, strong agreement was observed in the control group 
and with immediate dry heat and cold. Microcurrent and Ultrasound show strong agreement except for moist 
heat delayed 24 hours. 

Changes for specific areas showed differences between heat and cold. These were likely due to the physio-
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logical differences between heat and cold therapy. Heat therapy increases circulation. Thus, areas surrounding 
but not covered by the larger dry heat pack, such as the knee, would receive similar benefits as areas under the 
pad. However, cold therapy does not increase circulation. Therefore, areas not covered by the pad, such as the 
knee, would receive less benefit from the therapy. This change is especially pronounced with 24 hour delayed 
cold, where the delay would allow for more damage to occur. The lateral knee, which was definitely not covered, 
had far less of a treatment effect (45% decrease to 29%) compared to non-knee areas (28% decrease to 2%). 
These results suggest that microcurrent conductance can be used to determine injury and recovery not only for 
an injury, but also the specific location of tissues that have been injured. The knee likely had more damage as 
more movement and forces are transmitted through it, but that does not explain such as large discrepancy. 

Another item to note is that the specific proximity to the cold pad for the knee spots was not controlled. The 
length of subject’s thighs varied with their height, but cold pads were all the same size. If cold pads were closer 
to the knee on shorter subjects, it is possible that they could still receive a treatment effect compared to taller 
subjects. Despite this, the uncovered area demonstrated much less of a treatment effect compared to the covered 
area for both cold therapy groups. This may also explain why the moist heat wrap tests were not statistically sig-
nificant as a whole, but statistically significant at the center of the quadriceps which was definitely covered by 
the wrap. The moist heat wraps were about half the width of the cold packs and the dry heat packs, so even 
though the overall numbers showed a smaller decrease than the control, they may not have been able to generate 
enough of a treatment effect for statistical significance and may also explain the difference observed between 
microcurrent and ultrasound. 

With delayed treatment, myoglobin levels showed little change from the increased levels found in the control 
group regardless of treatment type. Microcurrent showed a minor decrease with dry heat and cold, and a de-
crease equal to the control group for moist heat. This may be due to the rate of serum clearance of myoglobin. 

Strength changes show strong agreement with ultrasound, microcurrent, and myoglobin levels for all three 
immediate treatments, with the result being very little change from baseline levels for the two heat therapies, and 
only 10% for cold. For delayed treatment, there is less agreement when comparing myoglobin and strength that 
being a change similar to control for dry heat, though not for moist heat or cold. Also, there is less agreement 
with microcurrent conductance, where there was a decrease, but to a lesser degree, for cold. It is also important 
to note that strength changes for the moist heat groups were minimal while microcurrent conductance and 
myoglobin showed decreases, especially for the delayed moist heat group. This is not surprising since the 
mid-quad area contains more contractile tissue compared to the knee, which has a much higher percentage of 
non-contractile tendons. Since the area that generated the strength showed less damage, strength should not be 
affected. If the tendons experienced severe damage, there would likely be a strength decrease, but DOMS in-
ducing exercise would be less likely to create this sort of tendinous damage. Because of these two reasons, 
strength would not likely be affected when minor tissue damage is detected. 

Since strength decreased along with the injury, another possible avenue of future research is to determine if 
strength and other movement deficits may be a result of minor soft tissue injury as detected by microcurrent 
conductance. Another possible future avenue is combining microcurrent, strength, and pain scales, since they 
have been used in the past, as a method for evaluating the effectiveness for virtually any treatment. 

8. Conclusion 
In conclusion, given the agreement with serum myoglobin and diagnostic ultrasound, it appears that there is 
evidence that microcurrent conductance is a valid evaluation of tissue injury. It also shows promise as a mea-
surement of identification of the specific location of an injury as well as its recovery, and also for possible func-
tion changes as a result of tissue injury. As expected, greater agreement was observed with immediate treatment 
compared to the less-ideal situation of delayed treatment. Further testing is still required, but results are promis-
ing. 

Limitations of This Study Were: 
1) Subjects may not have been completely healthy at the time of baseline testing. 
2) Fitness level varies for subjects 
3) Strength testing required maximal effort from subjects, and this cannot be controlled. 
4) Subjects performed as many squats as possible, the number of which varied according to fitness level. 
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5) Dirt and oil on the skin affects microcurrent measurements, and though cleaning occurred, error is imposs-
ible to eliminate. 

6) Myoglobin was not tested every day due to cost and invasiveness of sample acquisition. 
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