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Summary

Circulation plays an essential role in tissue healing. Moist heat and warm water immersion have
been shown to increase skin circulation; however, these heating modalities can cause burns. Recent
research has shown that passive vibration can also increase circulation but without the risk of burns.

The aim of this study is to compare the effects of short-duration vibration, moist heat, and a com-
bination of the two on skin blood flow (SBF) and skin temperature (ST). Ten (10) subjects, 5 fe-
male and 5 male, aged 20-30 years of age, received two interventions a day for 3 consecutive days:
Intervention 1 — Active vibration only (vibration exercise), Intervention 2 — passive vibration only,
Intervention 3 — moist heat only, Intervention 4 — passive vibration combined with moist heat,
Intervention 5 — a commercial massaging heating pad, and Intervention 6 — no intervention, rest-
ing in supine only (control). SBF and ST were measured using a laser Doppler imager during the
10 minute intervention and then throughout the nine minute recovery period.

The mean skin blood flow following a ten-minute intervention of the combination of passive vi-
bration and moist heat was significantly different from the control, active vibration, and the com-
mercial massaging heating pad. Skin temperature following the ten-minute interventions of moist
heat alone and passive vibration alone were both significantly different from the commercial mas-
saging heating pad and active vibration interventions.

The combination of passive vibration and moist heat produced the greatest increase in skin blood
flow and the second highest increase in skin blood flow nine minutes post application.

whole body vibration ¢ skin blood flow * skin temperature  vibration ¢ moist heat
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BACKGROUND

Whole body vibration (WBV) has received a great deal of
attention with reported increases in muscular strength
[1-5], improvements in body composition [3,4,6], chang-
es in muscle performance and balance [7-10], increases in
lower back and hamstring flexibility [11], improvements in
human athletic performance such as improvement in jump-
ing and running parameters [1,9,12,13], and changes in pe-
ripheral circulation [14]. These reported changes in periph-
eral circulation occurred without significantly stressing the
cardiovascular system [15]. Standing on a platform, vibrat-
ing at 26 Hz for 9 minutes, increased relative moving blood
volume of the quadriceps and gastrocnemius muscles and
popliteal artery mean blood flow with a decrease of flow re-
sistance [14]. Oxygen utilization rates during exercise have
been shown to be increased with WBV[16].

A study conducted by Lohman et al. (2007) documented
significant transient increases in skin blood flow due to a
short duration (3 minutes) of high-amplitude (5-6 mm),
high-frequency vibration (30 Hz) mechanically delivered
to the posterior calf muscles with the subjects in a relaxed
supine position. A follow up study focusing on passive vi-
bration applied to the forearm muscles demonstrated that
both 30 Hz and 50 Hz vibration significantly increased skin
blood flow; however, 50 Hz was more efficient and gains last-
ed during the entire 15 minute recovery period [17]. The
authors found that blood flow peaked at 5 minutes; with
no added benefits from an additional 5 minutes of vibra-
tion application [15]. Hazell et al. (2008) reported that in-
creases in skin temperature occur after 8 minutes of lower
extremity vibration exercise. Significant increases in skin
blood flow were also reported after 12 minutes of vibra-
tion exercise [15]. Both skin temperature and skin blood
flow remained elevated during the 10 minute recovery pe-
riod [15]. Noticeable extremity erythema has been report-
ed in numerous studies following vibration exercise [13,14].

The vast majority of WBV studies have involved vertically
directed mechanical stimuli (25 to 50Hz) in standing or
combined with vibration exercise. For this study, we have
coined the term “active vibration” for this form of vibration
intervention. One vascular study applied vertical vibration
in the supine position (head-to-toe whole body accelera-
tion) using a lower frequency (2 Hz) [18]. To date, there
have been a small number of studies that have examined
the effects of WBV on circulation with the subject resting
and the target area receiving horizontal vibration. The me-
chanical sinusoidal vibration was delivered at a right angle
to the long bones of the extremity, blood vessels, and mus-
cle fibers [17,19]. For this study, we have coined the term
“passive vibration” for horizontally delivered vibration to
specific body regions in the relaxed subject because the
subject is not receiving vibration to the whole body nor are
they active in the process. The active process is when the
subject stands on the platform, holding the safety handles,
and is not relaxed. The active process involves whole body
weight bearing while the passive process is not whole body
weight bearing.

Impaired autonomic and endothelial function is attributed
to the aging and disease processes such as Diabetes Mellitus
[20]. Circulation plays an essential role in maintaining

healthy integumentary system function and promotion of
tissue healing [19]. Local heating, such as moist heat hy-
drocollator packs (hot packs) and warm water immersions
increase circulation in healthy individuals. Increased blood
flow has been shown to increase tissue nutrients, decrease
susceptibility to infection, improve wound healing, and fa-
cilitate soft tissue repair [21-23]. It is well established that
when heat is applied to the skin there is an increase in skin
blood flow [24-26]. Initially, after the application of local
heat, tactile neurons in the skin release Substance P and
Calcitonin Gene Related Peptide which causes an increase
in potassium permeability in vascular smooth muscle sur-
rounding the endothelial cell [24,27-29]. This then, in turn,
causes an increase in blood flow. But this response only lasts
a few minutes. The sustained response to increasing temper-
ature in the skin is mediated by Transient Receptor Potential
Vanilloid -4 (TRPV-4) voltage gated calcium channels in the
vascular endothelial cells [30,31]. Above a temperature of
35°C, these cells cause an exponential increase in calcium
influx into the endothelial cell from the interstitial space.
Calcium activates the enzyme nitric oxide synthetase pro-
ducing endothelial nitric oxide [26]. Nitric oxide, a potent
vasodilator, diffuses into the surrounding smooth muscle ac-
tivating cyclic GMP which in turn increases potassium per-
meability and relaxes vascular smooth muscle [28,29,32-34].

Moist heat is more effective than dry heat at raising tissue
temperature, but moist heat does have a greater risk of caus-
ing a skin burn [35,36]. However, all heating modalities do
have a risk of possible burns [37]. This is especially true in
individuals with compromised circulation who would ben-
efit most from modalities that increase skin circulation. To
achieve these therapeutic benefits, moist heat must be ap-
plied for a minimum of 10 minutes. According to Prentice
(2002), it takes approximately 10 minutes of superficial ther-
apeutic moist heat to reach a maximum heating depth of
up to 1 cm below the skin [37].

The purpose of our study is to determine the effects of
short-term exposure to vibration versus moist heat (alone
and combined) on lower extremity skin blood flow and skin
temperature. Our hypothesis is that skin blood flow will in-
crease following short-term, low frequency vibration under
the treatment site for all interventions except for active vi-
bration (vibration exercise) as compared to the control in-
tervention. We hypothesize skin blood flow and skin tem-
perature at the calf will rank as following (most to least): 1)
Passive vibration combined with moist heat, 2) moist heat
only, 3) passive vibration only, 4) commercial massaging (“vi-
brating”) heating pad, 5) active vibration, and 6) control.
Furthermore, it is hypothesized that with the combination
of moist heat and vibration, local skin temperature will in-
crease at a slower rate than with moist heat alone due to in-
creased circulation and decreased skin impedance provid-
ed by passive vibration.

MATERIAL AND METHODS

Subjects

The subjects included 10 healthy adult volunteers aged
20-30 years (mean = 25.7 years) from the Loma Linda
University community. Five females (age = 25.8+4.1 years;
weight = 53.8 £6.1 kg.; height = 160.6+3.2 cm) and five
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Figure 1. Laser Doppler Flow Meter and Skin Thermoster.

Figure 2. Biopac System.

males (age = 25.6+1.5 years; weight = 67.8+11.3 kg; height
=168.9+8.7 cm) participated in the study.

The subjects received the following interventions on three
separate days to the posterior calf region: Intervention 1
— active vibration (vibration exercise) only, Intervention 2
— passive vibration only, Intervention 3 — moist heat only,
Intervention 4 — passive vibration combined with moist heat,
Intervention 5 — a commercially marketed, over the coun-
ter massaging heating pad, and Intervention 6 — the con-
trol intervention (no intervention). The six interventions
were randomly assigned for each subject. Two interven-
tions were applied each day, one intervention to each leg.
The Institutional Review Board at Loma Linda University
approved all of the procedures and all subjects signed a
statement of informed consent. All subjects were free of
neurological, orthopedic, and circulatory disorders (e.g.,
deep vein thrombophlebitis, bleeding disorders) that which
would have limited their participation in the study. Pregnant

Figure 3. Power Plate Vibration Platform.

subjects and subjects with pacemakers or skin ulcers were
also excluded from this study. These exclusion parameters
were determined through a subjective interview and a brief
physical examination.

Laser Doppler

Skin blood flow was measured by a laser Doppler flow me-
ter (Figures 1 and 2) produced by BioPac, Inc. (Goleta,
California). The device was secured with hypo-allergic tape
to the middle of the gastrocnemius muscle belly. This de-
vice is a completely non-invasive device. The error on re-
peat measurements is less than 5% from day to day [38].
Subjects were placed in the supine position with the lower
limbs elevated 10 cm. The units of blood flow stated in the
results are in “flux” units, the measure of flow generated
by laser Doppler systems.

Skin temperature

A thermoster (BioPac, Inc. Goleta, California) was used to
record skin temperature. The thermoster was placed with-
in 2 cm of the Doppler probe (Figures 1 and 2).

Whole body vibration

The mechanical stimulation of WBV was provided by a Power
Plate® for five of the subjects. The Power Plate® is a vibration
platform (Power Plate® North America, LLC, Culver City,
California, USA), as shown in Figure 3, with frequency set-
tings ranging from 30-50 Hz. The Power Plate® has an op-
tion for either low amplitude (2-3 mm) or high amplitude
(5-6 mm) plate oscillations [39]. A frequency of 40-50 Hz
with low or high amplitude is recommended for massage
and non-weight bearing activities [40,41]. For this study, the
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vibration parameters were set at a frequency of 50 Hz, an
amplitude of @=5-6 mm (high amplitude), and therefore
a peak acceleration of approximately 62.40 m/s? (6.24 g).
The other five subjects received vibration interventions from
a similar vibration platform, the Globus Physioplate®, using
the same settings. A 2 cm rubber pad was used to reduce
friction to the skin during massage related vibration tech-
niques. This also reduces the amplitude by approximate-
ly 1-2 mm; however, frequency is unchanged. This slightly
reduced the overall gravitational force applied to the low-
er extremity.

Moist heat

Moist heat was supplied by a commercial hydrocollator heat
pack from an approximately 160°F water tank with a heat-
ing unit. The hydrocollator pack is a canvas-covered pouch,
filled with hydrophilic substances such as petroleum distil-
late or bentonite that provides superficial therapeutic moist
heat up to 1 cm below the skin [37]. It takes approximate-
ly 10 minutes for the maximum depth of 1 cm tissue heat-
ing to occur [37]. According to Prentice (2002), the ther-
apeutic temperature range is approximately 86 to 104°F.
The canvas cover is used with 6-8 layers of dry towels be-
tween the subject’s skin and the hydrocollator pack to avoid
skin burns [37]. Commercial terry cloth covers provides ap-
proximately 4 thicknesses of toweling [37]. Chattanooga™
Hydrocollator® hot packs and covers were used in this study.

Typically, subjects do not lay on the hydrocollator pack. In
this case, the weight of the leg is relatively low so the pa-
tient’s calf was placed on top of the hydrocollator pack. As
an example, a 90 kg-male-subject’s lower leg will produce
approximately 5.44 kg of force over a surface area of ap-
proximately 24 cm? or 0.23 kg/cm?®.

Sunbeam® Health at Home® Massaging Heating Pad

This commercial heating pad product, powered by 120-Volt
AC, provides a “massaging (vibration) heat” with either a dry
or moist heat option. To create the moist heat option for
this study, the product sponge was saturated in warm water
and then gently wrung out before attaching the sponge un-
der the cloth heating pad cover. Both the heat and massage
(vibration) settings were set to “high” for this study. The vi-
bration characteristics are that the unit runs at 35 watts and
at 0.3 Amps at 120 volts. The temperature at the surface of
this product ranged from 90.7 to 93.6°F after 10 minutes
of use at the high settings of both massage and heat. This
temperature range is at the lower half of the therapeutic
temperature range of 86 to 104°F [37].

Procedures

Subjects who meet the inclusion/exclusion criteria were
given an invitation to participate in this study and signed
an informed consent document prior to participation. The
subjects were led into an environmental room where room
temperature was regulated between 72 to 75°F. Humidity was
controlled between 35 and 40%. The subjects were placed
in a prone position on a horizontally positioned plinth. The
room was pre-warmed to 72-75°F for at least 30 minutes so
that all tables and walls temperatures were constant. The
skin was marked with skin-safe ink on the muscle belly of

the gastrocnemius muscles to insure that the Doppler flow
readings were measured at the same location on all three
test days. The subjects rested comfortably for a ten-minute
rest period prior to Doppler testing.

Following the initial rest period and without repositioning
the subject, a Homan’s sign test was performed to help rule
out the possibility of a deep vein thrombosis. The subject’s
ankle was passively dorsiflexed while assessing for pain in
the posterior aspect of the calf. Pallor, swelling, tenderness,
and warmth to palpation of the posterior lower limb were
also assessed bilaterally. These signs and symptoms are in-
dicative of a possible deep vein thrombosis, thromboem-
bolism, or superficial thrombophlebitis; which are contra-
indications for WBV. A positive finding of any of the above
procedures served as exclusion from this study.

The subjects were then repositioned to the supine posi-
tion with their calf muscles elevated approximately 10 cm.
A baseline Doppler skin blood flow and skin temperature
readings were taken in this position. The subjects received
two of the following interventions for 10 minutes each, per
day, over a three day period: 1) Standing on Power Plate®
(active vibration), 2) a passive calf massage with the calf
resting on the Power Plate® or Globus Physioplate® (pas-
sive vibration), 3) moist heat, 4) a combination of passive
vibration and moist heat, 5) Sunbeam® massaging heating
pad, and 6) no intervention, resting in supine (control). An
intervention was applied to the right and left posterior calf
each day (at approximately the same time of day) to allow
for all six interventions to be tested in a three day period
without retesting the same extremity on any one day. Refer
to Table 1 for a description of the six interventions. During
the heat interventions, if the subject became too warm any-
time during the 10-minute intervention or if the skin be-
came excessively blotchy at the 5-minute inspection, an ad-
ditional layer of toweling was added. Additional toweling
was added in order to prevent a skin burn.

Once the therapeutic intervention was completed, the sub-
ject’s skin blood flow and temperatures were recorded for
an additional nine minutes. During this time period the
posterior calf was elevated approximately 2 cm above the
platform (a small bolster under the subject’s heel) to pre-
vent skin contact with the residual warmth from the heat-
ing modality on the surface of the platform. This procedure
assured avoidance of continued heating of the skin during
the nine post-intervention assessments.

Data analysis

Demographics and baseline characteristics were summa-
rized using descriptive statistics. Friedman’s ANOVA was
used to test for changes in temperature and blood flow be-
tween the different modalities. The level of significance was
set at p<0.05. Wilcoxon tests were used to follow-up any find-
ings that were significant.

REsuLTS

Skin blood flow

Changes in mean skin blood flow across time during the dif-
ferent modalities are represented in Figure 4 and Tables 2—4.
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Table 1. Therapeutic procedure parameters description by intervention.

Number Intervention Position & Parameters Hydrocollator Hot Pack WBV
Intervention 1 Vibration — Subjects stand with one footon ~ No WBV: 50 HZ, 5-6 mm amplitude
Active afirm vibration platform and the oscillations, 10 exposures of 60
other on a firm wooden box for 10 seconds.
minutes. Next the subject will rest
supine with their calf elevated
2 cm above the platform with
asupport under the heel for an
additional 10 minutes.
Intervention 2 Vibration — Subject resting in supine with No WBV: 50 HZ, 5-6 mm amplitude
Passive lower leg elevated 10cm with oscillations, 10 exposures of 60
calf resting on a firm vibration seconds.
platform for 10 minutes. Then the
calf will be elevated 2 cm above
the platform with a support under
the heel for an additional 10
minutes.

Intervention3  Moist heat Subject resting in supine with The subject’s posterior calf will No

lower leg elevated 10cm with rest on the hydro-collator with the

calf resting on a firm platform for  equivalent to 6 layers of toweling.

10 minutes. Then the calf willbe  The subject will be instructed to

elevated 2 cm above the platform  move lower leg off of hydrocollator

with a support under the heel for  pack if too warm. The subject’s

an additional 10 minutes. skin will be inspected at 5 and 10
minutes.

Intervention4  Vibration — Subject resting in supine with The subject’s posterior calf will WBV: 50 HZ, 5-6 mm amplitude
Passive & Moist  lower leg elevated 10cm with rest on the hydro-collator with the oscillations, 10 exposures of 60
Heat calf resting on a firm vibration equivalent to 6 layers of toweling. ~ seconds.

platform for 10 minutes. Then the  The subject will be instructed to
calf will be elevated 2 cm above move lower leg off of hydrocollator
the platform with a support under  pack if too warm. The subject’s

the heel for an additional 10 skin will be inspected at 5 and 10
minutes. minutes.

Intervention5  Commercial Subject resting in supine with The subject’s posterior calf will Vibration setting: High
massaging lower leg elevated 10cm with rest on the Sunbeam®massaging ~ Temperature setting: High
heating pad calf resting on a firm platform for  heating pad with the manufacture’s ~ Duration: 10 minutes

10 minutes. Then the calf willbe  recommended toweling. The subject
elevated 2 cm above the platform  will be instructed to move lower leg
with a support under the heel for  off of heating pad if too warm. The
an additional 10 minutes. subject’s skin will be inspected at 5
and 10 minutes.
Intervention6  Control Subject resting in supine with No No

lower leg elevated 12 cm with
posterior calf elevated 2 cm above
afirm, stationary platform for 20
minutes.

For the passive vibration modality, there was a significant
increase in mean skin blood flow from baseline to 9 min-
utes post-intervention (88.3+16.9 Flux vs. 150.5+40.4 Flux)
(p=0.01). This increase in skin blood flow was also signifi-
cant from the start of the intervention to 9 minutes post-in-
tervention (96.6+£52.5 Flux vs. 150.5+40.4 Flux) (p=0.03).
At the end of the intervention, mean skin blood flow was
significantly higher in the moist heat and passive vibration
combination intervention than compared to the Sunbeam
(commercial massaging heating pad) intervention (163.9

Flux + 71.8 vs. 85.0+28.6 Flux);(p=.01), control (163.9 Flux
£71.8 vs. 90.0+56.8 Flux); (p=.04), and active vibration (163.9
Flux +71.8 vs. 84.3+40.8 Flux); (p=.04). These differences
remained significant at 9 minutes post-intervention. The
moist heat and passive vibration combination intervention
had significantly higher skin blood flows than both the
Sunbeam intervention (133.7+46.1 Flux vs. 73.0+18.7 Flux);
(p=.01) and the control intervention (133.7+46.1 Flux vs.
96.7+39.1 Flux); (p=.04). In addition, at 9 minutes post-in-
tervention, mean skin blood flow was significantly higher
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Figure 4. Mean skin blood flow across time with the different

Figure 5. Mean skin temperature across time with the different

interventions. modalities.
Table 2. Mean skin blood flow (Flux) =(SD) across time for each intervention.
. . 9 minutes p value p value pvalue  pvalue
Modality (M) Baseline (B)  Start (S) End (E) post M (9) p value (B-E)* (S-E)* (B-9)* (5-9)*
Active
Vibration 73.8 (16.7) 69.7 (13.4) 84.3 (40.8) 101.0 (52.6) .59
Passive
Vibration 88.3 (16.9) 96.6 (52.5) 145.2(102.1) 150.5 (40.4) .02 1 1 .01 .03
Moist Heat ~ 95.7 (35.0) 82.0 (22.5) 135.2 (95.1) 111.3 (46.9) .90
Moist Heat
&Passive  90.7 (27.8) 118.4 (41.5) 163.9 (71.8) 133.7 (46.1) 15
Vibration
Sunbeam 77.9 (40.7) 78.8 (26.4) 85.0 (28.6) 73.0 (18.7) 27
Control  101.7 (40.8) 110.5 (50.8) 90.0 (56.8) 96.7 (39.1) 22

* p value was calculated using Friedman’s ANOVA, when significant (p<0.05), p value is further expressed using Wilcoxon Signed Ranked test.

in the passive vibration intervention than the moist heat in-
tervention (150.5+40.4 Flux vs. 135.2+95.1 Flux);(p=.04)
and Sunbeam intervention (150.5+40.4 Flux vs. 73.0+18.7
Flux); (p=.01).

Skin temperature

Changes in mean skin temperature across time during the
different interventions are represented in Figure 5 and
Tables 5-7. In the passive vibration intervention, there was a
significant increase in mean skin temperature from baseline
to the end of the intervention (95.4+2.7 deg F vs. 97.0+2.8
deg F); (p=.02) and from baseline to 9 minutes post —inter-
vention (95.4+2.7 deg F vs. 96.6+3.3 deg F); (p=.05). This
increase in skin temperature was also significant from start
of the intervention to the end of the intervention (95.7+3.1
deg F vs. 97.0£2.8 deg F); (p=.01). In the moist heat & pas-
sive vibration combination intervention, mean skin temper-
ature at the end of the intervention (96.4+4.7 deg F) and 9
minutes post-intervention (95.9+4.6 deg F) were significantly

higher than mean baseline skin temperature (94.0+4.6 deg
F); (p=.01; p=.01 respectively).

Mean skin temperature was significantly higher in the moist
heat intervention at the end of the intervention compared
to Sunbeam intervention (97.4+5.3 deg F vs. 95.2+4.6 deg
F); (p=0.05) and active vibration interventions (97.4+5.3
deg F vs. 95.1+3.8 deg F); (p=.03). These differences re-
mained significant at 9 minutes post-intervention with the
moist heat intervention’s mean skin temperature being sig-
nificantly higher than Sunbeam intervention (97.2+5.5 deg
F vs5.95.045.2 deg F); (p=.02) and active vibration interven-
tion (97.2+5.5 deg F vs. 95.0+4.2 deg F); (p=.02).

DiIssCUSSION

We hypothesized that local skin blood flow would increase
while skin temperature would increase less with the com-
bination of moist heat and passive vibration as compared
to moist heat alone. We theorized this would be due to
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Table 3. Mean blood flow (Flux) £(SD) comparisons between interventions at end modality.

Modalit Active vib 84.3 Passive vib 145.2 Moist heat 135.2 Passive plus Sunbeam 85.0  Control 90.0
y (40.8) (102.1) (95.1) moist heat 163.9 (71.8) (28.6) (56.8)
Active vib 84.3
Passive vib 145.2
(102.1) 0.09 0.959 0.646 0.203
Moist heat 135.2
(95.1) 0.39 0.96 0.333 0.203
Passive plus moist
heat 163.9 (71.8) 0.04 065 033 0.005
Sunbeam 85.0
(28.6) 0.96 0.20 0.20 0.01
Control 90.0 (56.8) 0.72 0.11 0.14 0.04 0.65

Wilcoxon Signed Ranks Test p<0.05.

Table 4. Mean blood flow (Flux) +(SD) comparisons between interventions at 9 minutes post modality.

Modalit Active vib 101.0 Passive vib 150.5 Moist heat 111.3 Passive plus Sunbeam 73.0 Control 96.7
y (52.6) (40.4) (46.9) moist heat 133.7 (46.1) (18.7) (39.1)
Active vib 101.0
(52.6)
Passive vib 150.5
(40.4) 0.09
Moist heat 111.3
(46.9) 0.52 0.04
Passive plus moist
heat 133.7 (46.1) 044 0.51 039
Sunbeam 73.0
(18.7) 0.11 0.01 0.06 0.01
Control 96.7 (39.1) 0.59 0.03 0.51 0.04 0.07

Wilcoxon Signed Ranks Test p<0.05

increased circulation and decreased skin impedance. The
findings of this study supported this hypothesis.

After the ten-minute interventions, skin blood flow was signif-
icantly greater with the combination of passive vibration and
moist heat as compared to active vibration, Sunbeam® mas-
saging heating pad, and the control intervention. Although
the combination of passive vibration and moist heat had a
greater mean skin blood flow after a 10-minute intervention,
it was not significantly different from either moist heat or
passive vibration alone. Nine minutes after the 10-minute
intervention, passive vibration alone had the highest mean
skin blood (150.5 flux), followed by passive vibration plus
moist heat (133.7 flux), and moist heat alone (111.3 flux).

The Sunbeam® massaging heating pad was turned on at the
start of the intervention and began immediately to massage
and also began warming. Since the skin blood flow measure-
ments were recorded within the first minute (start) and im-
mediately after the tenth minute of the intervention, this

device may not have reached either its maximum heating
potential at these data collection points. In fairness to the
product, if this product is used in a follow up study, the prod-
uct should be allowed to reach the maximum warmth prior
to application to the subject or collecting data.

After the ten-minute interventions, mean skin temperature
was highest with moist heat alone (97.4°F), followed closely
by passive vibration alone (97.0°F). Mean skin temperature
following ten-minute interventions of both passive vibra-
tion alone and moist heat alone was significantly different
than active vibration. The control (95.8°F), Sunbeam® mas-
saging heating pad (95.2°F), and active vibration (95.1°F)
intervention had similar low skin temperatures at the end
of the ten-minute intervention. The combination of moist
heat and passive vibration (96.4°F) skin temperature was
between these other interventions.

Nine minutes after the cessation of the interventions, mean
skin temperature remained relatively unchanged for all
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Table 5. Mean skin temperature (°F) +(SD) across time for each modality.

. . 9 minutes p value p value pvalue  pvalue

Modality (M) Baseline (B)  Start (S) End (E) post M (9) p value (B-E)* (S-E)* (B-9)* (5-9)*

Active

Vibration 947 (3.8) 951 (3.9) 951 (3.8) 95.0 (4.2) 30

Passive

Vibration 954 (27) 957 (3.1) 97.0 (2.8) 96.6 (3.3) .01 .01 .01 .05 .07
MoistHeat 957 (2.9) 97.3(973) 974 (53) 97.2 (5.5) A5

Moist Heat

& Passive 940 (46) 959 (48) 96.4 (47) 959 (4.6) .001 .01 .16 .01 95
Vibration

Sunbeam 946 (48) 95.0 (47) 952 (46) 95.0 (5.2) 18

Control 957 (3.8) 959 (3.8) 95.8 (4.1) 957 (44) 85

* p value was calculated using Friedman’s ANOVA, when significant (p<0.05), p value is further expressed using Wilcoxon Signed Ranked test

Table 6. Mean skin temperature (°F) + (SD) comparisons between interventions at end modality.

Modalit Active vib 95.1 Passive vib 97.0  Moist heat 97.4 Passive plus Sunbeam 95.2  Control 95.8
y (3.8) (2.8) (5.3) moist heat 96.4 (4.7) (4.6) (4.1)
Active vib 95.1(3.8) 0.093 0.0386 0.037 0.959
Passive vib 97.0
28) .01
Moist heat 97.4
(5.3) .03 29
Passive plus moist
heat 96.4 (4.7 o7 72 o
Sunbeam 95.2 (4.6) .59 .05 .05 14
Control 95.8 (4.1) 14 .20 A .26 .20

Wilcoxon Signed Ranks Test p<0.05.

Table 7. Mean skin temperature(°F) + (SD) comparisons between interventions at 9 minutes post modality.

Modalit Active vib 95.0 Passive vib 96.6 Moist heat 97.2 Passive plus Sunbeam 95.0  Control 95.7
y (4.2) (33) (5.5) moist heat 95.9 (4.6) (5.2) (4.4)
Active vib 95.0 (4.2)
Passive vib 96.6
(3.3) .01
Moist heat 97.2
(5.5) .02 A4
Passive plus moist
heat 95.9 (4.) o7 100 2
Sunbeam 95.0 (5.2) 95 .07 .02 20
Control 95.7 (4.4) 24 20 10 44 .26

Wilcoxon Signed Ranks Test p<0.05
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interventions with the combination of passive vibration and
moist heat having the greatest drop in skin temperature of
only.5°F. The authors conclude that this lowered skin tem-
perature is due to the high skin blood from the combina-
tion of moist heat and passive vibration.

The most plausible explanation for why skin blood flow was
reduced during active vibration is that during high intensity
exercise activities, the body directs blood away from the or-
gans such as the skin and is redirected to the skeletal mus-
cles [42]. Adrenal medulla regulated epinephrine release
and sympathetic regulation results in vasodilation of skel-
etal muscle vessels [43] and vasoconstriction of the vessels
of the epidermis and dermis. The muscle contractions nec-
essary for skeletal movement and support during exercise
are executed by muscle fibers that contain cells that must
be supplied with nutrients (e.g., glucose) and oxygen by
the capillaries. As nutrients and oxygen are supplied to the
muscle cells during exercise, waste products (e.g., carbon
dioxide) are also removed by the capillary system. At rest,
approximately 20% of cardiac output is directed to skele-
tal muscle at a rate of 3 ml/minute per 100 mg of muscle
mass [42,44]. At rest, only approximately 20% of capillar-
ies in skeletal muscles are open. At the start of exercise, this
rate of skeletal blood flow approaches 20 times the resting
rate. During high intensity, endurance exercises (e.g., cross
country skiing), skeletal muscle blood flow approaches 80%
of cardiac output [45] and 100% of capillaries in skeletal
muscles are open. This initial sympathetic regulated reduc-
tion of skin blood flow at the start of exercise is replaced by
hypothalamus regulated skin vasodilation as body tempera-
ture increases. The exercise regimen performed in this study
during active vibration was that of short duration activities.

In addition, active exercises were performed in standing
with the vibratory forces being applied vertically through
the soles of the shoes. During passive vibration, the vibra-
tory forces were applied directly to the skin of the calf in a
perpendicular direction. The muscles are relaxed and the
skin is mechanically stressed resulting in shear stress-in-
duced nitric oxide production.

One of the concerns with heat modality applications is the
risk of increasing skin temperature to the point that a skin
burn occurs. Skin temperature, with the combination of
passive vibration and moist heat to the calf, was similar to
and not significantly different from the control interven-
tion at both the end of the intervention and nine minutes
post intervention. Although not a thermal modality, passive
vibration to the posterior calf increased skin temperature
almost as much as moist heat which had the highest skin
temperature at both the end of the application and nine
minutes post application.

The three interventions in this study that produced signif-
icant increases in skin blood flow (SBF), ranked highest to
lowest, include: 1) Passive vibration combined with moist
heat, 2) passive vibration alone, and 3) moist heat alone. Of
these top three SBF interventions, the rank order for skin
temperature (ST), ranked highest to lowest, include: 1)
Moist heat alone, 2) Passive vibration alone, and 3) Passive
vibration combined with moist heat. These relatively low
skin temperature increases with the combined intervention
occurred at both the end of the intervention as well as nine

minutes post-intervention. When considering an interven-
tion that has the ability to increase skin blood flow to dissi-
pate heat from the skin to the blood stream while having a
relatively low increase in skin temperature, the combination
of passive vibration and moist heat appears to be the supe-
rior intervention. There are no reports in literature to sug-
gest any risk of a skin burn from the non-thermal modality
of passive vibration. Anecdotally, prolonged passive vibra-
tion could potentially cause a friction rub that could cause
skin irritation; however, this theoretical risk can be further
reduced through the use of the 2cm rubber pad (skin-plat-
form interface) provided by the manufacture. Since passive
vibration alone does not possess the risk of a burn, this mo-
dality provides a safe alternative to moist heat to increase
skin blood flow in individuals at risk for burns such as indi-
viduals with compromised skin blood flow.

Increased blood flow has been shown to increase tissue nu-
trients, decrease susceptibility to infection, improve wound
healing, and facilitate soft tissue repair [21-23]. In our study,
moist heat, passive vibration, and a combination of the two
all provided increased skin blood flow. Of these three, moist
heat alone increases skin temperature more than the oth-
er two modalities, suggesting that this modality may place
individuals at a greater risk of a burn.

This study was performed on healthy, young individuals,
free of Diabetes Mellitus. Consequently, this study does not
provide direct applicability to the elderly and diabetic pop-
ulations who have a greater prevalence of skin wounds due
to decreased extremity circulation. A follow up study apply-
ing these modalities and methods to these vulnerable pop-
ulations would be beneficial. Follow-up studies to compare
passive vibration to warm water immersion on skin blood
flow and temperature are also suggested. A study to deter-
mine the benefit of the combination of both of these mo-
dalities may also prove beneficial. A limitation to our study
was our sample size. Future studies will have a power anal-
ysis conducted and will be taken into account.

CONCLUSIONS

The combination of passive vibration and moist heat pro-
duced the greatest increase in skin blood flow and the sec-
ond highest skin blood flow at nine minutes post-interven-
tion. These therapeutic benefits combined with relatively
low increases in skin temperature, may make the combi-
nation of these two modalities an intervention of choice.
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