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Abstract.	 [Purpose] The purpose of this study was to examine the effect of neuromuscular electrical stimulation 
(NMES) on heart rate variability (HRV). [Subjects and Methods] Ten healthy subjects participated in the study. 
All subjects received NMES with a pulse duration of 300 us and frequency of 30 Hz at the vastus lateralis and 
vastus medialis for 15 minutes. The stimulation intensity was adjusted in the range of 20 to 30 mA. HRV using a 
pulse oximeter was measured in the sitting position before and after NMES. [Results] After the NMES, all HRV 
data slightly increased, but there was no significance between before and after data. [Conclusion] We suggest that 
strengthening exercises using NMES may be undertaken safely.
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INTRODUCTION

Muscle strengthening exercise is effective in preventing 
and improving musculoskeletal and cardiovascular system 
problems1). It increases sympathetic activity and decreases 
parasympathetic activity, thereby heightening the heart rate. 
When the exercise is finished, the sympathetic activity de-
creases and the parasympathetic activity increases, reduc-
ing the heart rate and returning it to normal2). This type of 
autonomic nervous system balance plays an important role 
in maintaining the health of the cardiovascular system3).

High-intensity muscle contraction performed within 
a short time may affect the activity of the autonomic ner-
vous system. In particular, resistive exercise conducted for 
a short time is known to decrease cardiac vagal control4). 
Cardiac stress may be triggered by a continued increase in 
sympathetic activity and a simultaneous decrease in para-
sympathetic activity, causing health problems5, 6).

A physical therapist may enhance muscle strength by 
triggering muscle contraction through neuromuscular elec-
trical stimulation7). Muscle strengthening by NMES may 
affect a person’s autonomic nervous system balance in 
a similar way to resistance exercise. Current research on 
electrical stimulation and autonomic nervous system bal-
ance mostly concerns transcutaneous electrical stimulation, 

and research on the effects of NMES on muscle strength-
ening and autonomic nervous system balance is insuffi-
cient8). Given that there are many patients who should not 
be exposed to cardiac stress in a physical therapy setting, 
the effects of NMES on autonomic nervous system balance 
need to be examined. Accordingly, this study contracted 
the quadriceps muscle using NMES and measured the vari-
ability in the heart rate to examine the effects of NMES on 
autonomic nervous system balance.

SUBJECTS AND METHODS

This study included 10 healthy adult males who had no 
history of disease related to the cardiovascular system and 
autonomic nervous system (ANS) and had the same daily 
routines. The average age, weight, and height of the subjects 
were 22±2 years, 65±3.2 kg, and 164.2±4.1 cm, respective-
ly. All the subjects signed an informed consent form, and 
the study was approved by the institutional review board of 
the Catholic University of Pusan (document number: CU-
PIRB-2013-012).

The temperature and humidity of the experimental room 
were maintained at 23 °C and 65%, respectively, outside 
noise was blocked, and the experimental area was enclosed 
with a curtain to minimize environmental influences. The 
experiment was conducted only between 17:00 and 18:00 
PM. From 48 hours prior to the experiment, the subjects 
were forbidden to perform exercise, overeat, or drink al-
cohol. From 4 hours prior to the experiment, they were re-
quired to fast and restricted from smoking or consuming 
drinks containing caffeine.

They were advised to wear comfortable clothes. Prior to 
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starting the NMES stimulation, they rested on a chair for 
10 minutes. For NMES stimulation, a subject sat on a chair 
and flexed the hip joint and the knee joint at 90 degrees. 
The electrodes were attached to the motor points of the 
vastus lateralis and vastus medialis. Using an ES-420 low-
frequency electrotherapy unit (ITO, Tokyo, Japan), asym-
metrical biphasic rectangular wave stimulation was applied 
to the motor points for 15 minutes. The wave was set at a 
pulse width of 300 us with an on-time of 10 sec, and an off-
time of 10 sec. The intensity of the stimulation was adjusted 
in the range of 20 to 30 mA when the subject’s knee joint 
was fully extended.

In a sitting position, the subject’s right hand was placed 
at the same height as the subject’s heart, and a uBplus T1 
pulse oximeter (LAXTHA Inc., Daejeon, Korea) was at-
tached to the right index finger. The heart rate variability 
(HRV) was measured before and after NMES. The follow-
ing items were analyzed: heart rate (HR), high-frequency 
(HF) oscillation power, low-frequency (LF) oscillation 
power, standard deviation of all normal R-R intervals 
(SDNN), total power (TP), and the HRV index. The Wil-
coxon test was conducted on the obtained data with SPSS 
18.0, and the significance level was set at α=0.05.

RESULTS

After the NMES stimulation, the heart rate, LF, HF, 
SDNN, TP, and HRV index all slightly increased, but the 
increases were not significant (Table 1).

DISCUSSION

Pulse oximeters process biological signals in a safe and 
precise way and monitor them on a real-time basis9). They 
are also noninvasive and efficient in evaluating the ANS10). 
This study measured the HRV using a pulse oximeter, and 
consistent data with a small standard error were obtained.

Strengthening exercise may affect the activities of the 
ANS by increasing sympathetic and decreasing parasym-
pathetic activity2). This study attempted to apply NMES 
training similar to strengthening exercise to the subjects. 
We used a 30 Hz biphasic pulse, which may trigger tetanic 
contractions, with an on-time of 10 sec and an off-time of 10 
sec. Therefore, the duty cycle was 50%. The pulse duration, 
which greatly affects the formation of quadriceps strength, 
was set at 300 µsec11, 12). The knee joint was fully extended 
in a sitting position. The intensity of the stimulation was 
adjusted continuously to maintain full extension during the 
on-time between a minimum of 25 mA and a maximum 
of 35 mA. Muscle fatigue was not observed in the subjects 
during the experiment.

The electrical stimulation slightly increased the LF oscil-
lations and the HF oscillations, reflecting the activity of the 
sympathetic and the parasympathetic nerves, respectively. 
However, the increases were not significant. The rates of 
the subjects heart showed almost no change. Thus, the mus-
cle strengthening exercise using NMES did not affect the 
sympathetic or parasympathetic nervous systems. After the 
application of NMES, the SDNN, reflecting the ability to 
resist stress, and the TP, reflecting the ability to adjust the 

ANS, slightly increased. However, these changes were not 
significant. NMES did not influence the stress resistance 
ability or the ability to adjust the ANS. The HRV index 
also slightly increased, but the increase was not significant. 
The NMES did not affect the HRV index. The above results 
show that NMES can potentially be used as a safe muscle 
strengthening tool.

However, electrical stimulation may modulate the ac-
tivity of the sympathetic and the parasympathetic nerves. 
Stein et al.8) asserted that 10 Hz of electrical stimulation to 
the paravertebral ganglionar region may decrease the LF 
and increase the HF and that 100 Hz of electrical stimula-
tion may increase the LF and decrease the HF. The pres-
ent study used 60 Hz, which is a relatively high frequency, 
but the results were not consistent with those of Stein et 
al8). In several studies, changes in sympathetic tone have 
been observed as a result of spinal cord electrical stmula-
tion13–15). Hsin et al.16) reported that electrical stimulation 
at the nuchal region may increase sympathetic tone and de-
crease parasympathetic activity. Because the paravertebral 
regions are important sites of an anatomical autonomic or-
ganization, electrical stimulation can easily influence the 
autonomic nervous system17, 18).

Wong et al.19) applied electrical stimulation to acupunc-
ture points of the hand and forearm and observed increased 
activity of the sympathetic nervous system. The sympa-
thetic activity slightly increased in the present study, but 
the increase was not significant. Although the physiologi-
cal mechanism has not yet been discovered, acupuncture 
points are known to affect the autonomic nervous system. 
Syuu et al.20) reported that electrical stimulation of the 
neiguan point of the forearm flap may influence cardio-
vascular function. The discord between the results of this 
study and the other studies is likely due to the differences 
in the areas where the electrical stimulation was applied. 
In the previous studies, the electrodes were attached to the 
paravertebral ganglionar region or the acupuncture point, 
whereas they were attached to the motor points in the pres-
ent study. The quadriceps muscle strengthening exercise 
using NMES did not change the balance of the ANS. This 
finding suggests that NMES may be safely applied to those 
who have diseases that affect the ANS. Future research to 
examine long-term NMES in a large number of subjects 
with diverse diseases who are undergoing long-term NMES 
is considered necessary.

Table 1.	Comparison of HRV between beforeand after the 
intervention

Before NMES After NMES
HR (bpm) 73.3±2.3 73.6±2.6
LF (ms2) 6.4±0.1 6.8±0.2
HF (ms2) 5.8±0.2 6±0.2
SDNN (ms) 47.2±4.1 55.1±5
TP (ms2) 7.3±0.1 7.7±0.1
HRV index 13±0.8 14.3±1.1

All data represents the mean±SE



635

ACKNOWLEDGEMENT

This paper was supported by research funds provided by 
the Catholic University of Pusan.

REFERENCES

1)	 Kim YI, Kim CK, Choi KS, et al.: The effects of shoulder isokinetic 
muscle strength, cardiovascular system on aerobic exercise and resistance 
strength exercise program in elderly women. Korean Alliance Health Phys 
Educ Recreat Dance, 2001, 40: 547–557.

2)	 Savin WM, Davidson DM, Haskell WL: Autonomic contribution to heart 
rate recovery from exercise in humans. J Appl Physiol, 1982, 53: 1572–
1575. [Medline]

3)	 Thayer JF, Lane RD: The role of vagal function in the risk for cardiovas-
cular disease and mortality. Biol Psychol, 2007, 74: 224–242. [Medline]  
[CrossRef]

4)	 Heffernan KS, Sosnoff JJ, Jae SY, et al.: Acute resistance exercise reduces 
heart rate complexity and increases QTc interval. Int J Sports Med, 2008, 
29: 289–293. [Medline]  [CrossRef]

5)	 Borchard U: The role of the sympathetic nervous system in cardiovascular 
disease. J Clin Basic Cardiol, 2001, 4: 175–177.

6)	 Curtis BM, O’Keefe JH Jr: Autonomic tone as a cardiovascular risk factor: 
the dangers of chronic fight or flight. Mayo Clin Proc, 2002, 77: 45–54. 
[Medline]  [CrossRef]

7)	 Currier DP, Mann R: Muscular Strength Dev Electr Stimulation Healthy 
Individuals. 1983, 63: 915–921.

8)	 Stein C, Dal Lago P, Ferreira JB, et al.: Transcutaneous electrical nerve 
stimulation at different frequencies on heart rate variability in healthy sub-
jects. Auton Neurosci, 2011, 165: 205–208. [Medline]  [CrossRef]

9)	 Jung SJ, Seo YS, Chung WY: Pulse wave analysis system using wrist type 
oximeter for u-Health service. J Korean Sensors Soc, 2010, 19: 17–24.

10)	 Kim DH, Im IH, Jeong SH, et al.: Study of the correlation between heart 
rate variability (HRV) measure and pulse diagnosis. Korean J Orient Int 
Med, 2007, 28: 16–22.  [CrossRef]

11)	 Bax L, Staes F, Verhagen A: Does neuromuscular electrical stimulation 
strengthen the quadriceps femoris? A systematic review of randomised 
controlled trials. Sports Med, 2005, 35: 191–212. [Medline]  [CrossRef]

12)	 Snyder-Mackler L, Delitto A, Stralka SW, et al.: Use of electrical stimula-
tion to enhance recovery of quadriceps femoris muscle force production 
in patients following anterior cruciate ligament reconstruction. Phys Ther, 
1994, 74: 901–907. [Medline]

13)	 Clavo B, Robaina F, Catalá L, et al.: Increased locoregional blood flow in 
brain tumors after cervical spinal cord stimulation. J Neurosurg, 2003, 98: 
1263–1270. [Medline]  [CrossRef]

14)	 Karadağ O, Eroğlu E, Gürelik M, et al.: Cervical spinal cord stimulation 
increases cerebral cortical blood flow in an experimental cerebral vaso-
spasm model. Acta Neurochir (Wien), 2005, 147: 79–84, discussion 84. 
[Medline]  [CrossRef]

15)	 Lee JY, Huang DL, Keep R, et al.: Effect of electrical stimulation of the 
cervical spinal cord on blood flow following subarachnoid hemorrhage. J 
Neurosurg, 2008, 109: 1148–1154. [Medline]  [CrossRef]

16)	 Chu H, Li MH, Huang YC, et al.: Simultaneous transcutaneous electri-
cal nerve stimulation mitigates simulator sickness symptoms in healthy 
adults: a crossover study. BMC Complement Altern Med, 2013, 13: 84. 
[Medline]  [CrossRef]

17)	 Janes RD, Brandys JC, Hopkins DA, et al.: Anatomy of human extrinsic 
cardiac nerves and ganglia. Am J Cardiol, 1986, 57: 299–309. [Medline]  
[CrossRef]

18)	 Oakley JC, Prager JP: Spinal cord stimulation: mechanisms of action. 
Spine, 2002, 27: 2574–2583. [Medline]  [CrossRef]

19)	 Wong RA, Jette DU: Changes in sympathetic tone associated with differ-
ent forms of transcutaneous electrical nerve stimulation in healthy sub-
jects. Phys Ther, 1984, 64: 478–482. [Medline]

20)	 Syuu Y, Matsubara H, Kiyooka T, et al.: Cardiovascular beneficial effects 
of electroacupuncture at Neiguan (PC-6) acupoint in anesthetized open-
chest dog. Jpn J Physiol, 2001, 51: 231–238. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/7153152?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17182165?dopt=Abstract
http://dx.doi.org/10.1016/j.biopsycho.2005.11.013
http://www.ncbi.nlm.nih.gov/pubmed/17990212?dopt=Abstract
http://dx.doi.org/10.1055/s-2007-965363
http://www.ncbi.nlm.nih.gov/pubmed/11794458?dopt=Abstract
http://dx.doi.org/10.4065/77.1.45
http://www.ncbi.nlm.nih.gov/pubmed/21827970?dopt=Abstract
http://dx.doi.org/10.1016/j.autneu.2011.07.003
http://dx.doi.org/10.3346/jkms.2013.28.1.16
http://www.ncbi.nlm.nih.gov/pubmed/15730336?dopt=Abstract
http://dx.doi.org/10.2165/00007256-200535030-00002
http://www.ncbi.nlm.nih.gov/pubmed/8090841?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12816274?dopt=Abstract
http://dx.doi.org/10.3171/jns.2003.98.6.1263
http://www.ncbi.nlm.nih.gov/pubmed/15565484?dopt=Abstract
http://dx.doi.org/10.1007/s00701-004-0410-5
http://www.ncbi.nlm.nih.gov/pubmed/19035735?dopt=Abstract
http://dx.doi.org/10.3171/JNS.2008.109.12.1148
http://www.ncbi.nlm.nih.gov/pubmed/23587135?dopt=Abstract
http://dx.doi.org/10.1186/1472-6882-13-84
http://www.ncbi.nlm.nih.gov/pubmed/3946219?dopt=Abstract
http://dx.doi.org/10.1016/0002-9149(86)90908-2
http://www.ncbi.nlm.nih.gov/pubmed/12435996?dopt=Abstract
http://dx.doi.org/10.1097/00007632-200211150-00034
http://www.ncbi.nlm.nih.gov/pubmed/6709712?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11405917?dopt=Abstract
http://dx.doi.org/10.2170/jjphysiol.51.231

