
Introduction

 Occupational exposure to hand-arm (espe-
cially high frequency) or whole-body (espe-
cially low frequency) vibration may lead to 
the development of various health disorders. 
In contrast, controlled exposure to vibra-
tion may induce various beneficial effects 
on human body.1 Such beneficial effects of 
vibration have been shown in both healthy 
(athletes) and diseased (e.g. multiple sclerosis, 
osteoporosis, Parkinson’s etc) populations. 
Application of short-term low frequency 
vibration has been shown to induce improve-
ments in peripheral circulation without alter-
ing heart rate or blood pressure,2-4 and may 
contribute to the treatment of diseases with 

vascular spasms. Most of the previously pub-
lished studies used a low vibration frequency 
ranging between 10 Hz and 30 Hz. The meth-
od of increasing peripheral circulation by ap-
plying vibration would be beneficial clinically 
to populations with ulcerations and impaired 
healing of the limbs and also in populations 
where aerobic exercise is contraindicated or 
not feasible.3 Furthermore, vibration may 
be a better method for increasing skin blood 
flow compared to other methods, which can 
lead to serious burns (hot packs) or medica-
tion side effects.4

 A number of researchers have investigated 
the influence of vibration on peripheral skin 
circulation; but the results are conflicting.3-5 Fur-
thermore, due to the anatomical differences 
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Abstract　We sought to investigate the effect of low frequency hand-arm vibration, 
from using a vibrating dumbbell, on blood flow in ventral and dorsal skin of the up-
per extremity.  After 5-min baseline measurements of blood flow (BF), the subjects 
gripped the handle of a dumbbell vertically for two exposure periods (without and 
with isometric handgrip condition for 5 min and 3 min, respectively) separated by a 
5-min rest-period. This was followed by a 15-min recovery period. During both ex-
posure periods, subjects were exposed to three randomized experimental conditions: 
i) vibration exposure at 15 Hz; ii) vibration exposure at 30 Hz; and iii) no vibration 
or control condition. Overall, under both 15 Hz and 30 Hz vibration conditions, BF 
increased significantly during both periods of exposure and exposure with isomet-
ric handgrip conditions; the increase in percentage BF was found to be significantly 
more with exposure to vibration combined with isometric handgrip than with expo-
sure to vibration only. However, exposure to 30 Hz hand-arm vibration was associ-
ated with the appearance of vesicles in 50% subjects.  These data suggest that low-fre-
quency hand-arm vibration exercise at 15 Hz may be used as a non-invasive method 
in increasing peripheral skin circulation.
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in glabrous and nonglabrous skin, there 
may be differences in circulatory responses 
to vibration exposure between these two re-
gions.5 There is a dearth of research works 
investigating the simultaneous effects of low 
frequency hand-arm vibration on both ven-
tral (glabrous) and dorsal (nonglabrous) skin 
circulation in the extremities.
 Now-a-days, a number of commercial vi-
brating devices have been developed for ex-
ercise and physical therapy. For upper-body 
exercise, vibrating dumbbells are available 
which can be suspended and combined with 
weight stacks.6 The purpose of the current 
study was to investigate the effect of low 
frequency hand-arm vibration, from using a 
vibrating dumbbell, on blood flow in ventral 
(glabrous) and dorsal (nonglabrous) skin of 
the upper extremity.

Materials and Methods

 Six healthy nonsmoking normotensive 
male student volunteers participated in this 
study (age 22.3 ± 0.47 years, and BMI 21.7 
± 1.63 kg/m2). The subjects were without 
any vascular or neurological disease or on 
medication likely to influence vascular tone. 
After verbal explanation of the experimen-
tal procedure, written informed consent was 
obtained from all of them to participate in 
this study. The subjects refrained from eat-
ing and drinking tea or coffee for at least 2 h 
before the beginning of the experiment and 
they put on light clothing in the laboratory. 
Approval of the institutional review board 
of Yamaguchi University School of Medicine 
was obtained for this study.

Experimental design
 The protocol and experimental set-up of 
this experiment are shown schematically in 
Figures 1 and 2, respectively. Initially, all the 
subjects underwent acclimatization for a pe-
riod of 20 min in the temperature-controlled 
experiment room, seated comfortably on a 
height adjustable chair. After 5 min from 
the beginning of adaptation, measurement 
of nondominant (all left) arm blood pres-
sure (NABP) was taken by an auscultatory 
technique (first measurement). After 15 min 
of adaptation period, the subjects positioned 

their both hands approximately at heart 
level with palm down on a wooden table. 
Then sensors of the blood flow meter were 
fixed at two locations: to the ventral skin, 
3 cm distal and 1 cm medial from the center 
of the elbow, and to the dorsal skin, 12 cm 
proximal from the center of the wrist joint 
of the dominant forearm. The sensors were 
fixed with adhesive tape without tape ten-
sion not to compress the tissue. After ensur-
ing stable finger circulation for a period of 3 
min, baseline values of blood flow (BF) were 
recorded at the ventral and dorsal skin for 5 
min. Then the subject gripped the handle of 
the dumbbell, placed vertically on the wooden 
table (Fig. 2A), for 5 min. While the subject 
gripped the handle, his hand was exposed to 
vibration (exposure period). After vibration 
exposure the subject released the hands from 
the dumbbell and kept them on the table in a 
relaxed position for 5 min. Then the subject 
was asked to hold the vertical handle of the 
dumbbell with the dominant hand in an iso-
metric handgrip condition (Fig. 2B), by the 
side of his body (angle at elbow joint approxi-
mately 90°) for 3 min. During this period, the 
subject was exposed to vibration of the same 
frequency as in the previous exposure period 
(hence, called exposure + handgrip period). 
Then he released the hand from the handle 
and kept his hand on the table for further 15 
min (recovery period). At the beginning of 
recovery period, NABP was measured (second 
measurement) again. By the end of the recov-
ery period, the third measurement of NABP 
was taken. Measurements of BF were contin-
ued to be recorded at 30-sec intervals during 
all these periods.
 In the present experiment, the subjects 
were exposed to three experimental condi-
tions: vibration at two frequencies of 15 Hz 
and 30 Hz, and control). The control experi-
mental session was identical, but without ex-
posure to vibration. Each of the three experi-
mental conditions (control and vibration at 
two frequencies) was presented in a random 
order and performed on separate days for 
each of the subjects. The tests were conducted 
in a temperature-controlled experiment room 
with an ambient air temperature of around 
28 ± 1℃. Before gripping, the surface tem-
perature of the handle was around 28 ± 1℃.
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Fig. 1　The protocol of the experiment.

Fig. 2　Experimental set-up.
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Equipments
 A laser Doppler blood flowmeter (ALF21, 
Advance, Japan) was used to measure BF 
(ml/100 g/min). Room temperature was mea-
sured by using digital thermistors (D317, 
Takara, Japan). Vibration was delivered by 
a commercial handheld vibrating dumbbell 
(Galileo Up-X Dumbbell, Novotec Medical 
Gmbh, Pforzheim, Germany), which can gen-
erate vibrations between 5 Hz and 30 Hz.

Statistical analysis
 Percentage BF at each 30 sec during and 
after exposure was calculated against the 
corresponding mean baseline values (5-min 
data). Statistical analysis was performed 
with percent BF data using the average value 
of each period for each subject. Repeated 
measures ANOVA with Bonferroni correc-
tion for multiple comparisons was used to 
test the difference of responses between dif-
ferent exposure conditions during different 
periods (baseline, exposure, rest, exposure + 
isometric handgrip, and the 15 min of recov-
ery divided into 3 equal periods). One subject’
s data for the dorsal side were not included in 
the analysis due to abnormally high baseline 
values at 30 Hz. SPSS statistical software 
version 16.0 was used for the analysis. Values 
are shown in text, tables and figures as mean 
with SE. Statistical significance was set at P 
< 0.05.

Results

 The average values of baseline BF from 
both ventral and dorsal sides for each of the 
three exposure conditions are presented in 
Table 1. Data analysis including these val-
ues revealed that the values of BF under the 
conditions of 15 Hz and 30 Hz did not differ 

significantly from the corresponding control 
value at both ventral and dorsal sides.
 Percentage BF (calculated using corre-
sponding baseline values) at every 30 sec un-
der different exposure conditions in both the 
ventral and dorsal skin regions are shown 
in Figures 3 and 4, respectively. In general, 
during exposure and exposure + handgrip pe-
riods with vibration at 15 Hz and 30 Hz, BF 
showed an increasing pattern at both sides, 
which was not observed under the control 
condition.
 Compared to the control condition in the 
ventral skin, the increase in percentage BF 
was significant during exposure and expo-
sure + handgrip periods under both 15 Hz 
and 30 Hz (P < 0.05 - 0.005) exposure condi-
tions except during exposure + handgrip pe-
riod at 15 Hz which tended to be significant 
(P = 0.063) (Fig. 5). The increase in percent-
age BF in the ventral skin was found to be 
significantly more with exposure to vibra-
tion combined with isometric handgrip than 
with exposure to vibration only at 30 Hz (P < 
0.005), and tended to be significant at 15 Hz (P 
= 0.071) (Fig. 5). On the other hand, compared 
to the control condition in the dorsal skin, 
percentage BF showed a significant increase 
during exposure and exposure + handgrip 
periods under both 15 Hz and 30 Hz (P < 0.05 
- 0.005) exposure conditions except during 
exposure period at 30 Hz which tended to be 
significant (P = 0.051) (Fig. 6). In the dorsal 
skin, percentage BF increased significantly 
more with exposure to vibration combined 
with isometric handgrip than with exposure 
to vibration only at both 15 Hz and 30 Hz 
(P < 0.05 - 0.005) (Fig. 6). Repeated measures 
ANOVA showed that across different ex-
perimental conditions, the mean systolic or 
diastolic blood pressure did not differ signifi-

Control 15 Hz 30 Hz
Skin
Ventral 3.46± 1.06 3.54± 1.41 3.92± 1.72
Dorsal§ 3.21± 0.93 3.54± 0.42 3.73± 1.20

Table 1  Baseline BF (ml/100g/min) from both ventral and dorsal sides under three exposure 
conditions (N = 6)

Values are shown as mean ± SD.
§ Data for 5 subjects has been used for the dorsal skin.

Hiroki Tamon et al.30



Fig. 3　Mean changes in ventral BF (ml/100 g/min) at each 30-sec interval under differ-
ent exposure conditions. Data are shown for 6 subjects.

Fig. 4　Mean changes in dorsal BF (ml/100 g/min) at each 30-sec interval under differ-
ent exposure conditions. Data are shown for 5 subjects.
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Fig. 5　Ventral %BF during different periods under 3 exposure conditions. Values are 
shown as mean + SE for 6 subjects. Significantly different from the corresponding con-
trol value or the value during exposure to vibration only: *P < 0.05 and **P < 0.005.

Fig. 6　Dorsal %BF during different periods under 3 exposure conditions. Values are 
shown as mean + SE for 6 subjects. Significantly different from the corresponding con-
trol value or the value during exposure to vibration only: *P < 0.05 and **P < 0.005.
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cantly between different time points (results 
not shown).

Discussion

 Application of vibration has been shown 
to be a method of increasing peripheral cir-
culation; but there is a lack of consensus on 
optimal frequency, exposure pattern (con-
tinuous or intermittent) and duration of such 
exposure necessary for the desired increase 
in skin circulation. In the previous research 
works, the influence of vibration exposure on 
peripheral circulation has been investigated 
with vibration frequencies between 5 to 45 Hz 
and an exposure duration of 3 to 30 min. In 
this work, we investigated the influence of 
low frequency hand-arm vibration (15 Hz and 
30 Hz with a frequency-weighted r.m.s. ac-
celeration of 25.1 and 60.2 m/s2 r.m.s., respec-
tively), from using a vibrating dumbbell, on 
blood flow of the upper extremity in ventral 
(glabrous) and dorsal (nonglabrous) skin.
 The previously published reports investi-
gating the peripheral circulatory function 
with exposure of subjects to hand-arm vibra-
tion are conflicting. Several investigators 
identified that vibration produced vasodilata-
tion and an increase in the skin circulation 
of the upper and lower extremities,3-5,7-9 while 
others exhibited a decrease in local circula-
tion of the upper extremity from such ex-
posure.10-13 The magnitude and frequency of 
vibration, and the type of vibration exposure 
(from a handle or plate) might have played 
roles in inducing different responses in pe-
ripheral circulation. Our study demonstrated 
an increase in peripheral skin circulation 
from exposure to low-frequency hand-arm vi-
bration from grasping a vibrating dumbbell.
 As shown in our investigation, significant 
increase in skin BF was observed at the ven-
tral and dorsal skin under both 15 Hz and 30 
Hz hand-arm vibration exposure conditions. 
The increase in peripheral skin BF was more 
with exposure to vibration combined with 
handgrip than with exposure to vibration 
only. However, the increased BF returned 
to the baseline shortly after the cessation 
of vibration. Such an increase in skin blood 
flow from exposure to vibration and rapid 
decrease during the post-vibration period is 

consistent with the findings of other studies 
from acute exposure to short-duration hand-
arm vibration from grasping a vibrating 
handle.5,14 Maloney-Hinds et al. also reported 
a rapid decrease in skin BF after passive 
vibration with 30 Hz. A longer duration of 
exposure or repeated exposure may be needed 
to maintain an increase in skin BF for a lon-
ger duration after the termination of expo-
sure to vibration. 
 Vasodilatation during vibration exposure 
is thought to be caused by the inhibitory ef-
fect of vibration on adrenoreceptors.15 In a 
study, Nakamura et al. theorized that a re-
duction in vasoconstrictor endothelin release 
caused by vibration exposure from vascular 
smooth muscle into the vessel cavity led to 
vasodilation, possibly attributable to a lo-
cal axon reflex.9 It has been postulated that 
withdrawal in sympathetic nerve activity is 
possibly involved in a complex mechanism 
resulting in the elevation of peripheral vaso-
dilation from low-frequency vibration expo-
sure.16,17 Such observed response induced by 
exposure to hand-arm vibration is consistent 
with other research works.3,4 In this study, 
the increase in skin BF during exposure to 
vibration without or with handgrip condi-
tion was higher than that observed in the 
study of Maloney-Hinds et al. This may be 
explained by the fact that in the study of 
Maloney-Hinds et al., passive vibration was 
applied, whereas in this study, the vibrating 
dumbbell was actively held by the subjects.
 Overall, exposure to both 15 Hz and 30 
Hz frequencies of vibration could induce 
an increase in peripheral circulation in this 
study; exposure to vibration combined with 
handgrip induced more increase in skin BF 
than exposure to vibration only. However, 
exposure to 30 Hz hand-arm vibration was 
associated with the appearance of vesicles 
(Fig. 7) in 50% subjects. Besides, exposure to 
30 Hz vibration was not comfortable to the 
subjects. Therefore, an exposure to a vibra-
tion frequency of 15 Hz may be used for the 
mentioned purpose.
 In this experiment, we adopted a 3-min 
period for the exposure with isometric 
handgrip condition. In our preliminary ex-
periments, we found it difficult to keep the 
dumbbell (with a weight of 2.6 kg) in ap-
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propriate posture during a longer exposure 
period. Vibration exposure in this study did 
not induce any significant change in blood 
pressure, which indicates the physiological 
stability of the subjects with the current level 
of vibration magnitude.
 There are several possible limitations to 
the findings of this study. The number of in-
vestigated subjects was relatively small and 
only two low frequencies of vibration were 
investigated. The nature of the generated vi-
bration (sinusoidal or not) was also not iden-
tified. Therefore, the study results should be 
interpreted in the light of such limitations. 

Conclusion

 From the observed findings of this study, 
it can be concluded that exposure to low-
frequency hand-arm vibration can induce an 
increase in peripheral blood flow. It has prac-
tical implication in wound healing among pa-
tients with peripheral circulatory disorders. 
Future studies are necessary to investigate 
and compare the peripheral circulatory re-
sponses to vibration in both ventral and dor-
sal skin, using larger samples of population 
including both patients with reduced periph-
eral circulation and healthy subjects.

Acknowledgments

 We wish to thank all the students (Hiroki 

Tamon, Makoto Nakamura, Naoki Tsukada, 
Osamu Tominaga, Tai Moriya, and Taku 
Manabe) of Yamaguchi University School 
of Medicine who volunteered in this study. 
Also, we would like to thank Elk Corporation 
(Japan) for lending us the handheld vibrating 
dumbbell (Galileo 100ä).

Conflict of Interest

 The authors state no conflict of interest.

References

 1. Hiroshige, K., Mahbub, M.H. and Hara-
da, N.: Neuromuscular responses to 
acute whole body vibration in healthy 
young men. Bull. Yamaguchi Med. Sch., 
59: 15-24, 2012.

 2. Kerschan-Schindl, K., Grampp, S., Henk, 
C., Resch, H., Preisinger, E., Fialka-
Moser, V. and Imhof, H.: Whole-body 
vibration exercise leads to alterations in 
muscle blood volume. Clin. Physiol., 21: 
377-382, 2001.

 3. Lohman, E.B., Petrofsky, J.S., Maloney-
Hinds, C., Betts-Schwab, H. and Thorpe, 
D.: The effect of whole body vibration on 
lower extremity skin blood flow in nor-
mal subjects. Med. Sci. Monit., 13: 71-76, 
2007.

 4. Maloney-Hinds, C., Petrofsky, J.S. and 
Zimmerman, G.: The effect of 30 Hz vs. 
50 Hz passive vibration and duration of 
vibration on skin blood flow in the arm. 
Med. Sci. Monit., 14: 112-116, 2008.

 5. Mahbub, M.H. and Harada, N.: Digital 
blood flow and temperature responses in 
palmar and dorsal skin induced by short-
term vibration exposure while grasping 
a vibratory handle. Int. Arch. Occup. En-
viron. Health, 81: 889-897, 2008.

 6. Rittweger, J.: Vibration as an exercise 
modality: how it may work, and what its 
potential might be. Eur. J. Appl. Physi-
ol., 108: 877-904, 2010.

 7. Azuma, T., Ohhashi, T. and Sakaguchi, 
M.: An approach to the pathogenesis of 
“white finger’’ induced by vibratory stim-
ulation: acute but sustained changes in 
vascular responsiveness of canine hindlimb 
to noradrenaline. Cardiovasc. Res., 14: 

Fig. 7　Vesicle on the palm after exposure 
to vibration at 30 Hz.

Hiroki Tamon et al.34



725-730, 1980.
 8. Mahbub, M.H., Inoue, M., Yokoyama, K., 

Laskar, M.S., Ohnari, H., Suizu, K., Ina-
gaki, J., Takahashi, Y. and Harada, N.: 
Assessment of room temperature influ-
ence on finger blood flow response in-
duced by short-term grasping of vibrat-
ing handle. Int. Arch. Occup. Environ. 
Health, 79: 22-26, 2006.

 9. Nakamura, H., Ariizumi, M., Okazawa, 
T., Nagase, H., Yoshida, M. and Okada, 
A.: Involvement of endothelin in pe-
ripheral circulatory change induced by 
hand-arm vibration. Cent. Eur. J. Public 
Health, 3: 27-30, 1995. 

10. Bovenzi, M., Lindsell, C.J. and Griffin, 
M.J.: Acute vascular responses to the 
frequency of vibration transmitted to the 
hand. Occup. Environ. Med., 57: 422-430, 
2000.

11. Egan, C.E., Espie, B.H., McGrann, S., 
McKenna, K.M. and Allen, J.A.: Acute 
effect of vibration on peripheral blood 
flow in healthy subjects. Occup. Environ. 
Med., 53: 663-669, 1996.

12. Furuta, M., Sakakibara, H., Miyao, M., 
Kondo, T. and Yamada, S.: Effect of vi-
bration frequency on finger blood flow. 
Int. Arch. Occup. Environ. Health, 63: 

221-224, 1991.
13. McKenna, K.M., Blann, A.D. and Allen, 

J.A.: Vascular responses in chain saw 
operators. Occup. Environ. Med., 51: 366-
370, 1994.

14. Mahbub, M.H., Yokoyama, K., Laskar, 
M.S., Inoue, M., Takahashi, Y., Yama-
moto, S. and Harada, N.: Assessing the 
influence of antivibration glove on digi-
tal vascular responses to acute hand-arm 
vibration. J. Occup. Health, 49: 165-171, 
2007.

15. Ekenvall, L. and Lindbland, L.E.: Is vi-
bration white finger a primary sympa-
thetic nerve injury? Br. J. Ind. Med., 43: 
702-706, 1986.

16. Bosco, C., Iacovelli, M., Tsarpela, O., 
Cardinale, M., Bonifazi, M., Tihanyi, 
J., Viru, M., De, Lorenzo, A. and Viru, 
A.: Hormonal responses to whole-body 
vibration in men. Eur. J. Appl. Physiol., 
81: 449-454, 2000.

17. Button, C., Anderson, N., Bradford, C., 
Cotter, J.D. and Ainslie, P.N.: The effect 
of multidirectional mechanical vibration 
on peripheral circulation of humans. 
Clin. Physiol. Funct. Imaging, 27: 211-
216, 2007.

Vibration Exercise and Peripheral Circulation 35




