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Study Objectives: Vascular disturbances leading to tissue hypoxia have been named as a possible cause for RLS/WED. Vibration to the whole body (WBV) 
in subjects with RLS/WED results in increased skin blood flow (SBF). The aims of this investigation were to (1) determine if a two-week treatment with WBV 
will decrease symptoms associated with RLS/WED and, (2) if so, determine if the mechanism for improvement in symptoms is related to an increase in SBF, 
as measured in flux.
Methods: Eleven subjects with RLS/WED underwent 2 weeks of 14-minute intermittent WBV and a 2-week sham treatment in randomized order. Pre and 
post intervention RLS symptom severity were compared. Baseline SBF was compared between subjects with RLS/WED and an age- and sex-matched 
control group. A crossover design (aim 1) and a matched case-control design and repeated measures design (aim 2) were used. The data analyses consisted 
of 2-sample and paired t-tests; where applicable we used a standard crossover design adjustment.
Results: WBV did significantly decrease symptoms associated with RLS/WED compared to baseline data and compared to sham treatment. The baseline 
flux was significantly lower in RLS/WED subjects than matched controls, but this deficit was negated with WBV. There was no increase in resting SBF over 
the 2 weeks of treatment.
Conclusions: Subjects with RLS/WED have decreased SBF but are able to increase flux to the same level as normal subjects with WBV. A 2-week 
intervention with WBV decreases symptoms associated with RLS/WED, but this does not seem to be related to an increase in resting SBF.
Keywords: restless legs syndrome, WBV, hypoxia
Citation: Mitchell UH, Hilton SC, Hunsaker E, Ulfberg J. Decreased symptoms without augmented skin blood flow in subjects with RLS/WED after vibration 
treatment. J Clin Sleep Med 2016;12(7):947–952.

INTRODUCTION

Restless legs syndrome (RLS), or now known by its newer name 
Willis-Ekbom Disease (WED) is a chronic sensorimotor disor-
der, characterized by a strong urge to move.1 This urge is usu-
ally felt in the legs, but can occur anywhere else in the body as 
well. It is triggered or accompanied by an uncomfortable feel-
ing which is often described as a “creeping, tugging, pulling.”1 
The symptoms often become worse as the day progresses, and 
the symptoms are usually lessened by movement.2 The patho-
genesis of RLS/WED is not clear, but there exist several hy-
potheses. The most commonly mentioned and most researched 
one involves the neurotransmitter dopamine in the brain.3

The theory behind our current line of research is based 
on the historical pathophysiology model that postulates that 
decreased peripheral blood flow leads to hypoxia which is 
thought to be at least partially responsible for the character-
istic unpleasant sensations and the urge to move.4–7 This oxy-
gen-based vascular theory has gained more traction in recent 
years.8–11 Different circulation-enhancing modalities, such as 
pneumatic compression devices4–6 and near-infrared light7,12 
have been used for the treatment of RLS/WED and found to 
be successful in decreasing symptoms and improving quality 
of life. The tissue hypoxia theory is supported by two other 
facts: (1) physical activity or movement lessens the symptoms 
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associated with RLS/WED, and (2) it has been shown that lack 
of exercise is a strong predictor of and a significant risk factor 
for RLS/WED.11,13

Externally applied low frequency oscillation or vibration 
to the whole body has been shown to lead to increased skin 
blood flow (SBF) in healthy individuals14 and to an even greater 
augmentation of superficial blood flow in subjects with RLS/
WED.11 In the aforementioned study it was found that base-
line blood flow in RLS/WED subjects was significantly higher 
than that of controls’ and that vibration yielded a significantly 
greater increase in blood flow in RLS/WED subjects when 
compared to the controls. Thus, the results indicated that 
subjects with RLS/WED have some kind of issue involving 
peripheral blood flow. Those data were collected in the early 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Tissue hypoxia has been 
named as a possible cause for RLS/WED, and whole body vibration 
is known to increase blood flow and thus decrease tissue hypoxia. 
This study examined the possibility of using whole body vibration as 
a treatment option for RLS/WED.
Study Impact: This study offers a new short term treatment option 
for symptoms associated with RLS/WED. It also opens new doors 
into further research investigating the mechanism behind the 
success of this modality in reducing RLS/WED symptoms.
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afternoon, still leaving the possibility that peripheral SBF 
could change in the evening, when the RLS/WED symptoms 
become more apparent. SBF as a potential marker for periph-
eral sympathetic nervous system activity and as an outcome 
measure for vasomotor reactivity has been used before.15

Research has yet to be conducted to determine if individu-
als with RLS/WED respond to treatment with whole body vi-
bration (WBV) with decreases in RLS/WED symptoms and 
a more “normal” flux when compared to controls. The results 
could potentially serve as another piece in the pathogenesis 
puzzle of RLS/WED and lend themselves to create an alterna-
tive treatment option for sufferers of RLS/WED. WBV devices 
can be found in many fitness centers, as they can be used as 
part of a workout program, or they can be purchased for home 
use; they cost between $200 and $2,500.16

The aims of this investigation were to answer the follow-
ing questions: (1) does a 2-week treatment with WBV decrease 
symptoms associated with RLS/WED as measured by the In-
ternational RLS Study Group Rating Scale (IRLS)17 and RLS-6 
scales18?, and (2) if so, is the mechanism for improvement in 
symptoms due to an increase in superficial peripheral SBF? 
This study was approved by the institutional review board.

METHODS

A crossover design was used to collect data to answer research 
question (1) A matched case-control design and repeated mea-
sures design were used to collect data from the RLS/WED 
subjects to answer research question. (2) The data analyses 
consisted of 2-sample and paired t-tests; where applicable we 
used a standard cross-over design adjustment.19

For our power analysis we used a standard deviation of 5 
points for the frequently used IRLS.17 This is a questionnaire 
that measures RLS severity on a 0–40 scale, using the answers 
to 10 questions, each of them giving 5 answer options: from 0 
to 4. The more intense the symptoms, the higher the number 
attached to the answer. With a standard deviation of 5 points, 
an alpha of 0.05, and a beta of 0.2 (power of 0.8) we calcu-
lated that we needed 12 subjects to detect a difference in IRLS 
scores of 6 points.

Thirteen subjects with diagnosed RLS/WED were enrolled 
in this study. Inclusion criteria included a confirmed diagno-
sis of RLS/WED using the essential diagnostic criteria,17 for 
which all 5 questions pertaining to RLS/WED symptoms have 
to be answered affirmatively, and a severity score ≥ 11 on the 
IRLS. Exclusion criteria included presence of any one of the 
following: diabetic neuropathy, deep vein thrombosis, low 
blood iron, and open wound in the lower extremity or frac-
ture anywhere in the body within the last 3 months. In order 
to answer the second research question, 11 control subjects 
were also enrolled in this study. Inclusion criteria for the con-
trol subjects included age- and sex-matching to the RLS/WED 
subjects, and a confirmed non-diagnosis of RLS/WED using 
the essential diagnostic criteria.”17 The exclusion criteria for 
the controls were the same as for the RLS/WED subjects.

Absence of neuropathy was confirmed by Quantitative 
Sensory Testing (QST) for heat and cold sensation thresholds, 

using the methods of limits procedure.20 We used the results of 
this test to exclude subjects with signs of neuropathy in small 
A-delta and C nerve fibers.20

Absence of deep vein thrombosis was confirmed by per-
forming a compression ultrasound (portable ultrasound sys-
tem from GE Healthcare, Hertfordshire, UK) bilaterally on 
the common femoral and the popliteal veins. This was done in 
order to rule out the threat of dislodging a clot during vibration. 
Information on blood iron content was obtained by interview-
ing the subjects; the presence of an open wound and fracture 
was assessed by inspection.

SBF of the dorsum of the right foot was measured using 
Laser Doppler imaging (Moor Instruments, Inc., Oxford, Eng-
land). The image was captured and at a later point in time 
evaluated in processing software (Moor LDI Processing V3.1, 
Moor Instruments Inc., Oxford, England).21 The laser Dop-
pler image (LDI) determines the velocity of red blood cells 
in arterioles, venules, and capillaries 1–4 mm under the skin 
surface. The output is the “flux” of red blood cells, defined as 
the number of red blood cells times their velocity, (measured in 
blood perfusion units [BPU]), which determines circulation.22 
With the subject seated, a Doppler image was taken. The sub-
jects transferred onto the vibration platform, located also in 
the chamber and underwent the vibration treatment or sham 
treatment in the order as dictated by group assignment and 
as described below. Immediately following the treatment, the 
subject transferred back to the chair and another LDI scan was 
performed. Each subject received SBF measurements before 
(“pre,” or “resting”) and after (“post”) vibration and sham 
treatments.

All RLS/WED subjects received WBV and sham treatment 
for 2 weeks, 3 times a week each. This frequency was chosen 
to mimic other studies that investigated circulation-enhancing 
modalities, such as exercise23 and near-infrared light.12,24 An 
actual treatment time of 2 weeks, and thus a subject commit-
ment of 4 weeks, was chosen to increase our subject retention 
rate. It is known that the number of subjects dropping out of 
studies increases over time.25 All subjects received their treat-
ments in the evening, between 18:00 and 22:00.

Vibration Treatment
The subject stood on the vibration platform with knees flexed 
to about 40 degrees, the weight centered over the middle of 
each foot. Ten 30-s bouts of WBV at a frequency and ampli-
tude of 26 Hz and 2 mm, respectively, was performed with a 
one-minute rest while standing between each bout.11

Sham Treatment
The subject stood on the vibration platform assuming the same 
position, for the same intervals as above, but no vibration 
stimulus was given.11 This intervention was utilized to address 
the possibility that positioning alone can influence blood flow.

Study Flow
RLS/WED subjects: On the first visit subjects completed two 
pre-participation questionnaires (demographics, medicine in-
take, and confirmation of the RLS/WED diagnosis by asking 
the 5 essential diagnostic criteria17), and filled out the IRLS17 D
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and RLS-6 scales.18 The IRLS is a 10-item questionnaire that 
was developed and validated in 2003.26 The RLS-6 scales 
use digital visual analog scales (VAS) to answer 6 questions 
(see supplemental material). A total score was not calculated 
across these 6 items; rather, each item produced its own score 
using 0–10.

Eligible subjects consequently underwent neuropathy20 and 
deep vein thrombosis screening. Upon meeting all inclusion 
criteria and after signing the informed consent form, the sub-
jects drew a piece of paper out of an opaque envelope with their 
group assignments. They were: group A “vibration first” and 
group B “sham first.” The subjects then scheduled their ap-
pointments for the next 4 weeks.

For each treatment day, the subjects came to the Human 
Performance laboratory. After every last treatment day in the 
week the subjects filled out the IRLS17 and RLS-6 scales.18

Subjects with RLS/WED were recruited first. Once all 
subjects were enrolled in the study, we recruited age and sex-
matched control subjects. The control subjects also underwent 
testing to rule out neuropathy and deep vein thrombosis and to 

confirm that they did not have RLS/WED. They came to the 
laboratory only once for a one-time vibration treatment session 
in order to measure the impact of WBV on their SBF or flux.

RESULTS

Subjects
One subject with RLS/WED (subject # 9) withdrew during the 
study due to personal time constraints and came for one week 
(baseline and 2 further treatments). Data from the remaining 
12 subjects were used for all analyses, except when comparing 
with the control group. Only 11 subjects with RLS (7 men, 4 
women) and 11 age- and sex-matched controls completed the 
study. See Table 1 for demographics.

Aim 1
RLS/WED severity decreased with 2 weeks of WBV as mea-
sured with IRLS; see Figure 1. The initial (baseline) IRLS 
average was 22.3 points (out of 40), indicating “severe RLS,” 

Table 1—Subject characteristics.

Group Age (years) Women: Men Weight (kg) Height (cm)
Years Since RLS/
WED Diagnosis IRLS score

RLS (n = 11) 54.7 ± 12.4 4:7 91.0 ± 23.3 174.0 ± 6.7 > 20 ± 18.8 22.2 ± 3.7
Control (n = 11) 53.6 ± 10.4 4:7 85.2 ± 16.8 175.2 ± 9.9 n/a n/a

IRLS, International Restless Legs Syndrome Study Group rating scale for restless legs syndrome.

Figure 1—IRLS changes per subject by group assignment.
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average IRLS after 2 weeks of vibration treatment: 17.1, indi-
cating “moderate RLS.” Conversely, the initial IRLS average 
before sham treatment: 18.3, after 2 weeks of sham treatment: 
17.7 (p = 0.6). The analysis for a possible carryover effect re-
vealed a non-negligible carryover effect (p = 0.049), favoring 
the vibration treatment. After appropriately accounting for the 
cross-over design a 2-sample t-test was used to assess treat-
ment effect.19 It was found to be significant with p = 0.013, 95% 
CI [−9.1, −1.3], see Table 2. RLS/WED severity decreased 
with 2 weeks of WBV as measured with RLS-6. The RLS-6 
scales are typically used as a narrative context for the numeric 
values of the IRLS, and as such no formal analyses were in-
tended or performed.27 When comparing the VAS answers for 
the RLS-6 questions from baseline (for those subjects in the 

“vibration first” group) or from the Friday before treatment (for 
those subjects in the “sham first” group) to the Friday at the 
end 2 weeks of treatment, questions 2, 1, and 5 demonstrated 
an improvement of over 2 points over the 2 weeks of treat-
ment with an average decrease of 2.9, 2.5, and 2.1, respectively. 
None of the questions showed an increase in number on the 
VAS which would indicate exacerbation of symptoms. In the 
2 weeks of sham treatment, however, the subjects indicated on 
average only a slight change, ranging from an increase of one 
point (question 4) to a decrease of 0.6 for questions 5 and 6.

Aim 2
In order to explore Aim 2 we took several co-dependent steps 
and answered the following questions.

Step A
Can diminished SBF be possibly responsible for RLS/WED 
symptoms? To answer this question, we compared baseline 
SBF between subjects with RLS/WED with that of control 
subjects using a 2-sample t-test. Our assumption for equal 
variance of these 2 samples was confirmed with the Levene 
test. There was a difference in peripheral SBF in subjects with 
RLS/WED compared to control subjects, with an average flux 
of 25.5 (SD 2.78, n = 12) and 30.00 (SD 6.66, n = 11), respec-
tively. The 2-sample t-test indicated that RLS subjects have on 
average a 4.5 unit lower SBF to the right foot (t-value = −2.16, 
df 11, p value = 0.04, 95% CI [−8.9, −0.2]).	

Step B
Does SBF in subjects with RLS increase after WBV? To an-
swer this question, we used a repeated measures design on all 
flux changes with WBV for each RLS/WED subject. The results 

showed an average increase of SBF of 7.8 units, 95% CI [5.9, 9.7], 
p < 0.001. There was no time effect, meaning that there was no 
change in pre- and post- SBF difference across the 2 weeks.

Step C
Does SBF increase more after WBV compared to sham treat-
ment? Since the repeated measures showed that there was no 
time effect, we were justified in using simplified statistics by 
averaging all flux differences in order to answer this ques-
tion. We confirmed that the WBV did indeed increase SBF 
compared to sham treatment: The blood flow change was sig-
nificantly greater (p = 0.037) in the WBV than in the sham 
treatment. The WBV elicited an average flux change of 9.6, 
ranging from 3.05 to 18.8, 95% CI [0.5, 12.5], while the sham 
treatment’s average change in SBF was 3.1, ranging from −0.8 
to 4. The analysis for a possible carryover effect revealed a 
negligible carry-over effect (p = 0.28). After appropriately ac-
counting for the crossover design, a 2-sample t-test was used to 
assess treatment effect.19

Step D
Does resting SBF after 2 weeks of WBV treatment increase? To 
answer this question, we compared RLS/WED subjects’ rest-
ing SBF after 2 weeks of WBV treatment to their respective 
baseline SBF using a paired t-test. The results showed that 2 
weeks of vibration treatment did not significantly increase rest-
ing blood flow in subjects with RLS/WED. The baseline flux 
for groups A and B, before their respective 2 weeks of WBV, 
was 24.4 (n = 11), compared to 26.1 after WBV treatment. The 
average change in flux was 0.45, t-value = 0.68, p value = 0.51.

DISCUSSION

Aim 1
The IRLS, a questionnaire reflecting RLS severity, showed a 
significant decrease in symptoms after the two-week treatment. 
The actual baseline IRLS scores were used as initial scores for 
all first interventions (vibration and sham), while the last score 
from the two intervention weeks was used as initial score for 
the next two weeks of intervention (sham and vibration). The 
established non-negligible carryover effect explains why the 

“baseline” scores for the sham treatment are lower (p = 0.01), 
with an average of 18.3 compared to the “baseline” scores for 
the vibration treatment (average 22.3). Hence, the shown treat-
ment effect is more likely an underestimation of the actual 
treatment effect. The subjects undergoing 2 weeks of vibration 
experienced a decrease in RLS/WED symptoms, as evidenced 
in a decrease of over 5 points on the IRLS. In contrast, the 
subjects indicated no change in symptoms after 2 weeks of 
sham treatment (a decrease of 0.6 points, p = 0.6). According 
to a recent letter to the editor the minimal clinically significant 
change for the IRLS in clinical trials is a score of 3.28 Our find-
ings of a decrease of over 5 points indicate that vibration has a 
positive effect on symptoms associated with RLS, leading to a 
clinically significant improvement. Burbank et al. have shown 
in several studies that vibrating pads, used at night, were able 
to improve sleep in patients with RLS.29,30 The authors believe 

Table 2—Average IRLS changes over 2 weeks of 
treatment and sham.

IRLS at
Baseline,
mean (SD)

IRLS After 
2 Weeks Treatment,

 mean (SD)

95% CI for
Average Change 

in IRLS
Vibration 22.3 (4.3) 17.1 (4.9)  (−9.1, −1.3)
Sham 18.3 (5.6) 17.7 (7.1) (−6.0, 4.9)

IRLS, International Restless Legs Syndrome Study Group rating scale 
for restless legs syndrome.
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that the mechanism of action of vibration lies in its ability to 
produce a counter stimulus to the brain to offset the sensations 
experienced with RLS/WED, called somatic hallucinations.29 
While it might be possible that the subjects in our study expe-
rienced symptom relief based on sensory counter-stimulation 
through whole body vibration, we do not believe that this is the 
only reason. Flux is also altered in subjects with RLS/WED 
compared to matched controls,11 indicating that altered blood 
flow could very well be involved in the symptom etiology.

Three of the RLS-6 scales demonstrated a greater than 
2-point improvement on the digital VAS. These particular 3 
items establish that the subjects experienced decreased RLS/
WED symptom severity at night and during the day and that 
they were more satisfied with their sleep. None of the items in-
creased on the VAS, showing that there was no exacerbation of 
symptoms. In the sham group, however, the subjects indicated 
on average only a slight, nonsignificant change, ranging from 
an increase of one point (question 4, symptom severity dur-
ing day when resting) to a decrease of 0.6 for questions 5 and 
6. The latter 2 items investigate RLS/WED symptom severity 
during the day when active and daytime tiredness.

Aim 2
Step A
The evening peripheral SBF was significantly lower in sub-
jects with RLS/WED compared to age and sex-matched con-
trols. This does imply that altered SBF can theoretically explain 
symptoms associated with RLS/WED. This seems to be incon-
sistent with earlier findings,11 where subjects with RLS/WED 
were found to have higher baseline flux compared to controls. 
However, the data for that study were collected in the afternoon 
and recommendations were made to replicate the methods but 
conduct the study in the evening. That is what this current study 
was designed to do. Hence, our hypothesis, that, according to 
the circadian rhythm with which RLS/WED symptoms occur, 
peripheral blood flow decreases more in the evening in subjects 
with RLS/WED compared to normals, and thus elicit the sen-
sations characteristic to RLS/WED, was supported. While our 
study only assessed skin blood flow, Larsson et al.9 assessed 
muscle oxygenation and capillary distribution in biopsies taken 
from the anterior tibialis in subjects with and without RLS/
WED. They found muscle fiber type and microvascularization 
differences between the two groups. The authors consequently 
hypothesized that those alterations could be the result of the 
body’s attempt to counteract local hypoxia in the tissue.9

Peripheral blood flow is also affected by endogenous fac-
tors, such as nitric oxide (NO), a powerful vasodilator, induced 
by intra-arterial shear forces,31 and catecholamines, chemical 
messengers from the sympathetic nervous system.32 One study 
assessed NO production in subjects with RLS/WED after vi-
bration,11 but we were not able to locate any studies measuring 
peripheral dopamine, a catecholamine, in subjects with RLS/
WED. Further studies are warranted in this direction.

Step B
The flux deficit that existed in RLS/WED subjects before the 
vibration intervention reversed when a vasodilating stimulus 

was given. The flux after WBV was as high in the RLS/WED 
group as in the controls, indicating that the vessels were able to 
dilate as much as necessary with vibration. In an earlier study, 
where data collection occurred in the early afternoon, flux also 
drastically increased with WBV, compared to baseline and 
compared to controls.11 This is an important finding because 
it indicates that a possible cause, hypoxia, can be treated with 
vibration and thus decrease symptoms associated with RLS/
WED. SBF in our control group did also increase significantly 
when comparing pre- to post-intervention data, and there was 
no difference in increase between the two groups.

Step C
WBV did increase SBF significantly more than did the sham 
treatment. Prior research11,14,21 has shown the circulation en-
hancing effects of WBV, and as such this result was expected. 
However, this study used the semi-squatting position, which 
is used for the WBV, as the sham treatment to ensure that the 
increase in blood flow was not the result of the position alone.

Step D
Our data did not show strong evidence of a correlation be-
tween change in IRLS score and change in blood flow (r = −0.2, 
p = 0.56), and thus we cannot support our notion that the 
change in blood flow over the 2-week treatment time explains 
the treatment effect found in the significant decline in RLS/
WED symptoms (as seen in decrease in IRLS scores). While 
after two weeks of WBV treatment symptoms associated with 
RLS were significantly lower compared to baseline, the flux 
did not exhibit corresponding significant changes. We ex-
pected the baseline flux (before WBV) to be higher by the end 
of the 2-week treatment sessions, but indeed, this was not the 
case. With these findings we can make two inferences: One, 
a 2-week treatment period with WBV is not long enough to 
make permanent changes in resting SBF, and two, it seems that 
WBV might be a treatment option, but it is uncertain if it is a 
cure. Further studies assessing long term benefits of WBV on 
RLS/WED symptomology are encouraged and warranted. We 
were, however, able to confirm that it was indeed the vibration 
that increased SBF and not the position that was assumed for 
the time of the treatment.11 This was not surprising as WBV is 
one of the treatments of choice when trying to increase blood 
flow. However, in order to validate our findings, we felt in-
clined to show the change.

Limitations
Our study has some limitations. One, the placebo effect could 
have been stronger in the WBV group compared to the sham 
treatment group because the subjects were able to feel the dif-
ference. We tried to keep the effect as small as possible by ex-
plaining to the subjects that the position alone could have an 
effect on the outcome. Two, our treatment period of two weeks 
is very short. We justified this time because we have seen in 
previous studies12,24 that significant changes and most of the 
improvements can be seen in this short time period. Further 
research is necessary to explore possible continuous changes 
with longer treatments. Three, we did not conduct any follow-
up assessment to evaluate effect maintenance. However, again, D
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we feel that our findings encourage further research to answer 
the question on how long the achieved treatment effects last.

CONCLUSION

A 2-week treatment with WBV decreases symptoms associ-
ated with RLS/WED as measured by the IRLS and RLS-6 
questionnaires, but does not normalize skin blood flow in in-
dividuals with RLS/WED compared to healthy age-matched 
controls.

ABBRE VI ATIONS

IRLS, International RLS Study Group Rating Scale
LDI, laser Doppler image
QST, Quantitative Sensory Testing
RLS/WED, restless legs syndrome/Willis Ekbom disease
SBF, skin blood flow
WBV, Vibration to the Whole Body
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