
223

Original Article

�ȱ�����¢������ȱ�ě���ȱ��ȱ�����ȱ���������ȱ 
��ȱ����������ȱ������ȱ�������ȱ��ȱ���Ȭ��������ȱ
�����Ǳȱ�ȱ�������£��ȱ����������ȱ�����ȱ����¢

Khadijeh Otadi, PhD1)*, Mehri GhaseMi, PhD2), shOhreh jalaie, PhD1),  

hOssein BaGheri, PhD1), MOrteza azizian1), saeid eMaMdOOst3), hadi sarafraz, PhD1), 

Mustaph sepahvand, MSc1)

1) Department of Physiotherapy, School of Rehabilitation, Tehran University of Medical Sciences: 
Tehran, Iran

2) Department of Physiotherapy, School of Rehabilitation, Shahid Beheshti University of Medical  
Sciences, Iran

3) Department of Physiology, Tehran University of Medical Sciences, Iran

Abstract. [Purpose] This study was conducted to investigate the immediate prophylactic effects of local vibra-

tion on quadriceps muscle fatigue in young non-athletic males. [Participants and Methods] Thirty healthy young 

males were randomly assigned to vibration and sham control groups. Participants in the local vibration group re-

ceived a single session vibration (2 minutes, 30 Hz). They also in the control group received a 2-minute vibration, 

ZKLOH�WKH�YLEUDWLRQ�V\VWHP�ZDV�RII��09&��506�DQG�PHGLDQ�IUHTXHQF\�RI�(0*�¿QGLQJV�DQG�WLPH�WR�UHDFK�IDWLJXH�
ZHUH�PHDVXUHG��>5HVXOWV@�7LPH�WR�UHDFK�IDWLJXH�DQG�09&�LQ�WKH�ORFDO�YLEUDWLRQ�JURXS�ZDV�VLJQL¿FDQWO\�KLJK�WKDQ�
those in the sham control group. [Conclusion] It seems that the prior local muscle vibration may be useful to attenu-

ate some signs and symptoms of muscle fatigue.
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INTRODUCTION

Muscle fatigue is the decline in ability of a muscle to generate force or power. It can be associated with reduced muscle 

strength, performance and consequently lower extremity injuries1). In most cases, muscle fatigue is experienced during sport 

and exercise activities, but is also increasingly observed as a secondary outcome in various diseases and health conditions 

during performance of daily activities2).

Quadriceps muscle fatigue can alter gait parameters, and the most injuries occurred when the participants are tired. There-

fore, clinically, fatigue prevention is preferable and more important, since it reduces the cost of treatment, time lost from or 

during training or rehabilitation, and the probability of persisting further injury. It also allows continuation of exercise3, 4).

There are different types of modalities and exercise therapy aiming at reducing or preventing fatigue such as massage, low 

level laser therapy, electrical stimulation and stretching5).

Vibration is one of the new modalities to recover from or prevent fatigue. There are two shapes of vibration stimulation: 

whole body vibration and local muscle vibration.

Previous investigations reported controversial effectiveness of whole body vibration on the peak force of quadriceps 

PXVFOH��UHFRYHU\�IURP�PXVFOH�IDWLJXH��ÀH[LELOLW\��VWUHQJWK�SUR¿OH�RI�NQHH�ÀH[RUV��KDPVWULQJ�TXDGULFHSV�VWUHQJWK�UDWLR�DQG�
recovery of muscle damage6–10).
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Another shape of vibration is local muscle vibration (LMV), indicating some interesting aspects differentiating it from 

whole-body vibration. Local vibration can directly provide muscle mechanical pressures and increase local circulation, 

having the same effect as massage11). The local vibration makes it possible to use very precise vibratory stimulus without 

propagation of mechanical signals through biological tissues and distortion of the applied signal.

Another advantage of LMV is portable-accessible with cheaper price for patient or athletes; likewise, LMV is user friendly, 

since patients can use it at home.

Limited studies12, 13) have assessed the effect of local vibration on muscles. These studies demonstrated that LMV induced 

VLJQL¿FDQWO\�KLJKHU�PXVFOH�DFWLYLW\�WKDQ�QR�YLEUDWLRQ��19��FRQGLWLRQ��DQG�/09�FRXOG�DIIHFW�PRWRU�SHUIRUPDQFH�DV�ZHOO�DV�
DFFHOHUDWRU\�UHFRYHU\�RI�PXVFOH�QHXUDO�DFWLYDWLRQ��,W�FDQ�DOVR�SUHYHQW�LQÀDPPDWLRQ��LQFUHDVHV�520��KDV�SRVLWLYH�HIIHFWV�RQ�
muscle function and contributes to clinical improvement of patients7, 10, 14–16).

Although there seems to be more positive than negative results for vibration in recovery and performance, it remains 

unclear whether vibration would be a useful recovery modality used to enhance performance and alleviate fatigue after 

exercise. Likewise, the preventive effect of LMV on fatigue is unclear. Furthermore, the present study aimed to investigate 

prophylactic effects of local vibration on the quadriceps muscle fatigue.

PARTICIPANTS AND METHODS

This study was a semi-experimental sham-controlled cross-over randomized trial, registered in Iranian Registry clinical 

trial (IRCT) with the number 20090228001719N7. A total of 30 healthy non-athletic young males without any problem 

in lower limb volunteered to participate in this experiment (age 21± 9 years, height 175 ± 0.1 cm, weight 72.5 ± 8 kg). 

Participants with neuromuscular pathology, lower leg injury and cardiovascular diseases were excluded. Written informed 

consent was obtained from all participants prior to their participation, and protocol was approved by Tehran University of 

Medical Sciences Ethics Committee with a code of 34556.

Thirty participants was determined based on pilots study, and then were randomly assigned into two groups (LMV and 

control groups). Fix bike for 5 minutes was used to warm up the participants. Then participant sit on the chair to start the test. 

)RU�HDFK�SHUVRQ��WKH�FKDLU�ZDV�DGMXVWHG�VR�WKDW�WKH�LQGLYLGXDOV�FRXOG�VLW�LQ�WKH�PLGGOH�RI�WKH�FKDLU�ZLWK�����NQHH�ÀH[HG��DQG�
dynamometer pedal was placed at 3 cm above the lateral malleolus.

First, the maximum voluntary contraction (MVC) was measured in three repetitions and maximum value was recorded. 

Electromyography electrodes and myometer electrodes (Biometrics Ltd., UK) connected to the dynamometer were closed to 

the leg. In the vibration group, the participants were asked to exert maximum isometric force of quadriceps muscle to reach 

fatigue. Vibration began for 30 s after completion of the pre-intervention measurements.

LMV was applied by a handheld mechanical vibration generator (Thrive, 717A, Japan). No pressure was applied on the 

KHDG�RI�WKH�YLEUDWRU����FP�LQ�GLDPHWHU���3UHYLRXV�VWXGLHV�KDYH�GHPRQVWUDWHG�EHQH¿FLDO�HIIHFWV�RI�YLEUDWLRQ�LQ�SUHYHQWLQJ�RU�
treating DOMS vibration at 50 Hz frequency for 2 minutes on the middle line of dominant side quadriceps7, 14).

When the participants were tested in control group, the hand held vibrator was turned off.

MVC was calculated in before and immediately after LMV or Sham vibration intervention. And likewise during interven-

tion RMS and median frequency and time to reach fatigue was calculated.

Randomized group allocation was determined by using unmarked envelopes in clinic to achieve simple randomization. 

There were 30 envelopes, 15 of which contained the word “LMV” on 15 of which contained the word “sham-LMV”. There-

IRUH�LQ�WKH�¿UVW�SDUW�RI�WKH�VWXG\�¿IWHHQ�SDUWLFLSDQWV�ZHUH�UDQGRPO\�DVVLJQHG�WR�/09�DQG�¿IWHHQ�SDUWLFLSDQWV�ZHUH�UDQGRPO\�
assigned to the sham vibration. Then, in the second part of the study, they went through a wash-out period. Finally, in the third 

SDUW�RI�WKH�VWXG\��WKRVH�ZKR�UHFHLYHG�/09�DW�¿UVW�UHFHLYHG�WKH�VKDP�YLEUDWLRQ�ZKLOH�WKRVH�ZKR�UHFHLYHG�WKH�VKDP�YLEUDWLRQ�
DW�¿UVW�UHFHLYHG�/09��ZKLFK�LV�WKH�FURVV�RYHU�SDUW�

Experiment was done on biomechanics lab in Shahid Beheshti University of Medical Sciences.

MVC was recorded by dynamometer, and root mean square and median frequency (RMS, MF) and time to reach fatigued 

were recorded by electromyography (Data Log, Biometrics Ltd, UK). Two double differential bar electrodes were positioned 

RYHU�HDFK�RI�WKH�VXSHU¿FLDO�PXVFOHV�RI�WKH�TXDGULFHSV�DFFRUGLQJ�WR�)U\�������8).

The participants were verbally encouraged to perform maximal voluntary contraction of quadriceps muscle to extend the 

knee.

Peak force of quadriceps muscle, median frequency, and RMS were measured during inducing muscle fatigue to reach 

IDWLJXH�SRLQW��)DWLJXH�ZDV�GH¿QHG�DV�D�UHGXFWLRQ�LQ�WKH�IRUFH�SURGXFWLRQ�RI������RI�WKH�SHDN�IRUFH�FRPSDUHG�WR�WKH�EDVHOLQH�
pre-fatigue activity17).

The same method was applied in the sham control group, while the LMV machine was turned off.

Statistical analysis was performed using Statistical Package for Social Sciences, version 16.0 (SPSS, Chicago, IL, USA). 

Data were analyzed using paired t-test, and the effect size as well as power was sorted out by repeated measurement ANOVA. 

6LJQL¿FDQFH�ZDV�DFFHSWHG�IRU�YDOXHV�RI�S������LQ�DOO�DQDO\VLV�
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RESULTS

We didn’t have dropped participant, therefore all participants continued the experimental procedures to end. So the 30 par-

WLFLSDQWV�ZHUH�XVHG�IRU�WKH�¿QDO�DQDO\VLV��Table 1 displays the mean values for the outcome measures. Paired t-test revealed 

D�VLJQL¿FDQW�GLIIHUHQFH�LQ�09&�LQ�WKH�YLEUDWLRQ�JURXS�LQ�SUH�WR�SRVW�WHVW��S��������EXW�QRW�LQ�WKH�FRQWURO�JURXS��Table 2). 

&KDQJHV�LQ�09&�VKRZHG�D�VLJQL¿FDQW�GLIIHUHQFH��S�������EHWZHHQ�WKH�WZR�JURXSV�DW�WKH�HQG�RI�IDWLJXH�DFWLYLW\��EXW�QRW�DW�
¿UVW��(IIHFW�VL]H�ZDV������DQG�SRZHU�������6LJQL¿FDQW�GLIIHUHQFH�ZDV�IRXQG�EHWZHHQ�WKH�YLEUDWLRQ�DQG�FRQWURO�JURXSV�LQ�WLPH�
WR�UHDFK�IDWLJXH��S ��������1R�VLJQL¿FDQW�GLIIHUHQFH�H[LVWHG�EHWZHHQ�WKH�WZR�JURXSV�LQ�506�DQG�0)�

DISCUSSION

The current randomized controlled trial aimed to examine prophylactic effects of local vibration on quadriceps muscle 

fatigue. It was found that two-minute vibration improved the MVC of Quadriceps muscle in the LMV group compared to the 

sham group. RMS, MF and time to reach fatigue were different between the LMV and sham control groups in favor of fatigue 

SUHYHQWLRQ�LQ�WKH�/09�JURXS��+RZHYHU�RQO\�VLJQL¿FDQW�GLIIHUHQFH��S �������ZDV�IRXQG�LQ�WLPH�WR�UHDFK�IDWLJXH�SDUDPHWHU�
in comparison the LMV group with sham group.

7KH�¿QGLQJV�RI� WKLV�VWXG\�DUH� LQ� OLQH�ZLWK�UHVXOWV�RI� WKRVH�VWXGLHV�UHSRUWLQJ� WKDW�YLEUDWLRQ� LPSURYHG�YROXQWDU\�PXVFOH�
activation or peak isometric torque of knee extensors, muscle activation during maximal isometric knee extensor force 

production, or maximal rate of force rise and the muscle performance7, 15, 18). Some studies reported that vibration did not 

affect either MVC of quadriceps or decrease of muscle weakness8, 19).

Previous studies reported that vibration was highly effective for muscle damage recovery, acceleration of muscle neural 

activation recovery7, 13, 20); however, some studies have reported that vibration has a negative effect on muscle fatigue or 

muscle weakness6, 21).

2QH�VWXG\�KDV�LQGLFDWHG�D�VLJQL¿FDQW�LQFUHDVH�RI�506�DIWHU�:%9�FRPSDUHG�WR�WKH�VKDP�FRQWURO�JURXS18). This controver-

sial result may be due to different cases, setting and sample size. In this study RMS measures in the LMV group were more 

WKDQ�WKRVH�LQ� WKH�VKDP�FRQWURO�JURXS�ZLWKRXW�VLJQL¿FDQFH�� WKHUHIRUH��ZH�WKLQN�WKDW� ODUJHU�VDPSOH�VL]H�LQGXFHV�VLJQL¿FDQW�
results.

6LJQL¿FDQW�LQFUHDVH�RI�09&�LQ�WKH�/09�JURXS�ZLWKRXW�VLJQL¿FDQFH�LQ�(0*�¿QGLQJ�PD\�EH�RZLQJ�WR�PRUH�LQYROYHPHQW�
RI�W\SH�,,�PXVFOH�¿EHU�LQ�WKH�/09�JURXS��,W�VHHPV�WKDW�ORFDO�YLEUDWLRQ�KDV�PRUH�DIIHFWV�RQ�W\SH�,,�PXVFOH�¿EHU�WKDQ�W\SH�,��
7KLV�UHVXOW�LV�LQ�OLQH�ZLWK�%HQHGHWL¶V�UHSRUW�DERXW�LQFUHDVH�RI�W\SH�,,�PXVFOH�¿EHU�UHFUXLWPHQW�LQ�WKH�ORFDO�YLEUDWLRQ�JURXS�
compared to the sham control group16).

&RQVLGHULQJ�WKH�ORQJHU�WLPH�WR�UHDFK�IDWLJXH�LQ�WKH�/09�JURXS��ZH�FDQ�VWDWH�WKDW�UHFUXLWPHQW�RI�W\SH�,�PXVFOH�¿EHU�ZDV�
more than that in the control group.

In this respect, different settings had optimal effects on prevention and prolongation to reach fatigue. Regarding the small 

effect size, it seems that an increase in sample size may yield promising results.

$QRWKHU�SRVVLEOH�H[SODQDWLRQ�LV�WKDW�WKH�SDUWLFLSDQWV�PLJKW�QHHG�D�ORQJHU�SHULRG�RI�YLEUDWLRQ�WR�REWDLQ�VLJQL¿FDQW�SURSK\-

lactic effects on muscle fatigue. One major limitation of our results was the young healthy participants. Therefore, we cannot 

Table 1. Mean ± SD of outcome measures (MF, RMS) in the two groups

Vastus medialis Rectus femuris Vastus lateralis

Control Vib p value Control Vib p value Control Vib p value

RMS (mv) 0.063 ± 0.03 0.068 ± 0.04 p=0.08, 

ES=0.07

0.041 ± 0.02 0.048 ± 0.03 p=0.07 

ES= 0.1

0.081 ± 0.03 0.082 ± 0.03 p=0.1 

ES=0.02

MF (h) 64.7 ± 8.4 65.5 ± 10.03 p>0.05 

ES=0.04

62.3 ± 6.3 63.4 ± 6.7 p>0.05 

ES=0.08

64.9 ± 5.3 64.6 ± 5.1 p>0.05 

ES=0.03

Time (ms) 24.82 ± 1.03 26.8 ± 1.03 p value=0.006* 

ES=0.7

mv: micro volt; h: hertz; ms: mili second; ES: Effect Size.


S������

Table 2. Mean ± SD Maximum Voluntary Con-

traction (micro volt): MVC

Control Vib

Pre-test 156.5 ± 41.04 156.3 ± 40.1

Post-test 156.7 ± 41.3 157.8 ± 40.4

p value p>0.05 S�����
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generalize these data and results to other pathological situation or different ages. In conclusion these results suggest that a 

single session of local muscle vibration was effective in improving of MVC and increasing of time to reach fatigue.

Funding
This paper was supported by Tehran University of Medical Sciences, Tehran, Iran.

&RQÀLFW�RI�LQWHUHVW
None.

REFERENCES

1) Barry BK, Enoka RM: The neurobiology of muscle fatigue: 15 years later. Integr Comp Biol, 2007, 47: 465–473. [Medline]  [CrossRef]

2) Rimmer JH, Schiller W, Chen MD: Effects of disability-associated low energy expenditure deconditioning syndrome. Exerc Sport Sci Rev, 2012, 40: 22–29. 

[Medline]  [CrossRef]

��� 3LQVDXOW�1��9XLOOHUPH�1��'LIIHUHQWLDO�SRVWXUDO�HIIHFWV�RI�SODQWDU�ÀH[RU�PXVFOH�IDWLJXH�XQGHU�QRUPDO��DOWHUHG�DQG�LPSURYHG�YHVWLEXODU�DQG�QHFN�VRPDWRVHQVRU\�
conditions. Exp Brain Res, 2008, 191: 99–107. [Medline]  [CrossRef]

4) Kavanagh JJ, Morrison S, Barrett RS: Lumbar and cervical erector spinae fatigue elicit compensatory postural responses to assist in maintaining head stability 

during walking. J Appl Physiol 1985, 2006, 101: 1118–1126. [Medline]  [CrossRef]

5) Dos Reis FA, da Silva BA, Laraia EM, et al.: Effects of pre- or post-exercise low-level laser therapy (830 nm) on skeletal muscle fatigue and biochemical mark-

ers of recovery in humans: double-blind placebo-controlled trial. Photomed Laser Surg, 2014, 32: 106–112. [Medline]  [CrossRef]

6) Kim JY, Kang DH, Lee JH, et al.: The effects of pre-exercise vibration stimulation on the exercise-induced muscle damage. J Phys Ther Sci, 2017, 29: 119–122. 

[Medline]  [CrossRef]

7) Ansari NN, Naghdi S, Karimi-Zarchi H, et al.: A randomized controlled pilot study to investigate the effect of whole-body vibration on lower-extremity fa-

tigue. J Sport Rehabil, 2017, 26: 339–346. [Medline]  [CrossRef]

��� %DNKWLDU\�$+��6DIDYL�)DURNKL�=��$PLQLDQ�)DU�$��,QÀXHQFH�RI�YLEUDWLRQ�RQ�GHOD\HG�RQVHW�RI�PXVFOH�VRUHQHVV�IROORZLQJ�HFFHQWULF�H[HUFLVH��%U�-�6SRUWV�0HG��
2007, 41: 145–148. [Medline]  [CrossRef]

��� )U\�$��)ROODQG�-3��3URORQJHG�LQIUDSDWHOODU�WHQGRQ�YLEUDWLRQ�GRHV�QRW�LQÀXHQFH�TXDGULFHSV�PD[LPDO�RU�H[SORVLYH�LVRPHWULF�IRUFH�SURGXFWLRQ�LQ�PDQ��(XU�-�$SSO�
Physiol, 2014, 114: 1757–1766. [Medline]  [CrossRef]

���� .DUDWUDQWRX�.��*HURGLPRV�9��'LSOD�.��HW�DO���:KROH�ERG\�YLEUDWLRQ�WUDLQLQJ�LPSURYHV�ÀH[LELOLW\��VWUHQJWK�SUR¿OH�RI�NQHH�ÀH[RUV��DQG�KDPVWULQJV�WR�TXDGUL-
ceps strength ratio in females. J Sci Med Sport, 2013, 16: 477–481. [Medline]  [CrossRef]

11) Imtiyaz S, Veqar Z, Shareef MY: To compare the effect of vibration therapy and massage in prevention of Delayed Onset Muscle Soreness (DOMS). J Clin 

Diagn Res, 2014, 8: 133–136. [Medline]

12) Yildirim A: Acute effects of local vibration on muscle performance at different durations and frequencies. Middle East Technical University. 2010.

���� 3RHQDUX�'��&LQWH]D�'��3HWUXVFD�,��HW�DO���/RFDO�DSSOLFDWLRQ�RI�YLEUDWLRQ�LQ�PRWRU�UHKDELOLWDWLRQ²VFLHQWL¿F�DQG�SUDFWLFDO�FRQVLGHUDWLRQV��0DHGLFD��%XFKDU���������
11: 227–231. [Medline]

14) Broadbent S, Rousseau JJ, Thorp RM, et al.: Vibration therapy reduces plasma IL6 and muscle soreness after downhill running. Br J Sports Med, 2010, 44: 

888–894. [Medline]  [CrossRef]

15) Lau WY, Nosaka K: Effect of vibration treatment on symptoms associated with eccentric exercise-induced muscle damage. Am J Phys Med Rehabil, 2011, 90: 

648–657. [Medline]  [CrossRef]

16) Benedetti MG, Boccia G, Cavazzuti L, et al.: Localized muscle vibration reverses quadriceps muscle hypotrophy and improves physical function: a clinical 

and electrophysiological study. Int J Rehabil Res, 2017, 40: 339–346. [Medline]  [CrossRef]

17) Wojtys EM, Wylie BB, Huston LJ: The effects of muscle fatigue on neuromuscular function and anterior tibial translation in healthy knees. Am J Sports Med, 

1996, 24: 615–621. [Medline]  [CrossRef]

18) Pamukoff DN, Ryan ED, Blackburn JT: The acute effects of local muscle vibration frequency on peak torque, rate of torque development, and EMG activity. J 

Electromyogr Kinesiol, 2014, 24: 888–894. [Medline]  [CrossRef]

19) Mohammadi S, Bakhtiary A, Tabesh H, et al.: Effect of local quadriceps vibration on the treatment of knee osteoarthritis symptoms. Majallah-i Ilmi-i Danish-

gah-i Ulum-i Pizishki-i Rafsanjan, 2013, 12: 279–290.

20) Kamandani R, Ghazalian F, Ebrahim K, et al.: The effect of acute vibration training on delayed onset muscle soreness in young non-athlete women. Health 

Scope. 2013, 2: 119–124.  [CrossRef]

21) Abbasi E, Kahrizi S, Razi M, et al.: The effect of whole-body vibration training on the lower extremity muscles’ electromyographic activities in patients with 

knee osteoarthritis. Med J Islam Repub Iran, 2017, 31: 107. [Medline]

http://www.ncbi.nlm.nih.gov/pubmed/21672855?dopt=Abstract
http://dx.doi.org/10.1093/icb/icm047
http://www.ncbi.nlm.nih.gov/pubmed/22016146?dopt=Abstract
http://dx.doi.org/10.1097/JES.0b013e31823b8b82
http://www.ncbi.nlm.nih.gov/pubmed/18663436?dopt=Abstract
http://dx.doi.org/10.1007/s00221-008-1500-z
http://www.ncbi.nlm.nih.gov/pubmed/16763109?dopt=Abstract
http://dx.doi.org/10.1152/japplphysiol.00165.2006
http://www.ncbi.nlm.nih.gov/pubmed/24456143?dopt=Abstract
http://dx.doi.org/10.1089/pho.2013.3617
http://www.ncbi.nlm.nih.gov/pubmed/28210056?dopt=Abstract
http://dx.doi.org/10.1589/jpts.29.119
http://www.ncbi.nlm.nih.gov/pubmed/27632878?dopt=Abstract
http://dx.doi.org/10.1123/jsr.2015-0202
http://www.ncbi.nlm.nih.gov/pubmed/17138635?dopt=Abstract
http://dx.doi.org/10.1136/bjsm.2006.031278
http://www.ncbi.nlm.nih.gov/pubmed/24846679?dopt=Abstract
http://dx.doi.org/10.1007/s00421-014-2904-z
http://www.ncbi.nlm.nih.gov/pubmed/23253266?dopt=Abstract
http://dx.doi.org/10.1016/j.jsams.2012.11.888
http://www.ncbi.nlm.nih.gov/pubmed/24596744?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/28694858?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18812416?dopt=Abstract
http://dx.doi.org/10.1136/bjsm.2008.052100
http://www.ncbi.nlm.nih.gov/pubmed/21273897?dopt=Abstract
http://dx.doi.org/10.1097/PHM.0b013e3182063ac8
http://www.ncbi.nlm.nih.gov/pubmed/28723717?dopt=Abstract
http://dx.doi.org/10.1097/MRR.0000000000000242
http://www.ncbi.nlm.nih.gov/pubmed/8883681?dopt=Abstract
http://dx.doi.org/10.1177/036354659602400509
http://www.ncbi.nlm.nih.gov/pubmed/25169762?dopt=Abstract
http://dx.doi.org/10.1016/j.jelekin.2014.07.014
http://dx.doi.org/10.17795/jhealthscope-8797
http://www.ncbi.nlm.nih.gov/pubmed/29951408?dopt=Abstract

