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Background 
Limited research exists on the effects of both high and low frequency whole body 
vibration (WBV) on individuals with subacute lateral ankle sprains. 

Hypothesis/Purpose 
To examine the difference in the effects of high and low frequency WBV on limits of 
stability (LOS) in adults with a subacute ankle sprain. It was hypothesized that WBV 
would improve effects on outcome variables for LOS as a component of dynamic balance. 

Study Design 
Quasi-experimental, pretest-posttest design. 

Methods 
Fifteen participants ages 19-27 years (Mean age 22±2.36) with either a Grade I or Grade II 
lateral ankle sprain received WBV in bilateral stance under three randomized conditions 
(high frequency-25 Hz, low frequency-6 Hz, and control, which consisted of bilateral 
stance with machine off) for six minutes over three sessions (one time per week). The LOS 
test, consisting of 5 variables, were assessed using the NeuroCom® Balance 
Manager-SMART EquiTest® (Natus Medical Incorporated, Pleasanton, CA) at baseline and 
after the intervention period. The participants completed a practice LOS test and then 
had a six-minute standing rest break. After the rest break, they completed the pre-LOS 
(baseline) test. Intervention was administered using the Galileo® Med L Chip Research 
(Novotec Medical GmbH, Pforzheim, Germany) for six minutes for the appropriate 
condition of either high or low frequency WBV or control. Data analysis was performed 
using 2-Way (2x3) Repeated Measures ANOVAs with additional post hoc testing as 
needed. 

Results 
Significant interactions were found for reaction time (RT), movement velocity (MVL), and 
maximal excursion (MXE) composite scores with a decrease in RT of 0.117 seconds 
(p=0.022) between control and high frequency conditions during the post LOS. For 
composite MVL, an increase of 0.547 degrees/second (p=0.002) between pre- and 
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post-high frequency WBV occurred. For composite MXE, an increase of 2.13% p=0.031 
(when comparing pre- and post-high frequency WBV. 

Conclusion 
Findings suggest that a single session of high frequency WBV in individuals with a 
subacute lateral ankle sprain may result in improvement in several components of 
postural stability. WBV is a quick intervention that could be implemented in physical 
therapy clinics, athletic training rooms, and workout facilities to improve an individual’s 
LOS as a component of dynamic balance one to eight weeks post lateral ankle sprain. 

Level of Evidence 
2b 

INTRODUCTION 

Ankle sprains are a common sports related injury with 
about 23,000 occurring daily in the United States.1,2 Al-
though ankle sprains occur in many types of sports, the 
most common sports are basketball, football, and soccer. 
There are three types of ankle sprains: medial (involves the 
deltoid ligament), lateral (involves the anterior talofibu-
lar ligament, calcaneofibular, and posterior talofibular), and 
syndesmotic, also called a high ankle sprain (involves the 
interosseous ligament between the distal tibia and fibula). 
Lateral ankle sprains, being the most common type of 
sprain, occur from either an uncontrolled force or from ex-
cessive supination and adduction when the ankle is plantar-
flexed.1 Ankle injuries are also defined along a continuum 
of acute (immediately post injury to 4 days post), subacute 
(1 to 8 weeks post injury), and chronic (greater than 8 weeks 
post).3 The severity of ankle sprains are defined by Grades I 
through III which note the percentage of tissue that is torn 
or disrupted. Grade I is defined by less than 25% of ligament 
fibers torn, Grade II is defined as 25% to 75% of ligament 
fibers torn, and Grade III is defined as greater than 75% of 
the ligament being non-contiguous.4,5 

This study focused on the subacute phase of an ankle 
sprain which is defined as one to eight weeks after the ini-
tial injury.3 Certain special tests can be performed clinically 
to determine the grade of ankle sprain. The most common 
special tests used are the anterior drawer test and the talar 
tilt test.4–6 A Grade I sprain is classified by a positive scor-
ing on the anterior drawer test and a negative scoring on 
the talar tilt test, which means there is damage to the an-
terior talofibular ligament. A Grade II is classified by a pos-
itive scoring on both the anterior drawer test and the talar 
tilt test, which means there is damage to both the anterior 
talofibular ligament and the calcaneofibular ligament.4,6–8 

Ankle sprains may impact various components of the move-
ment system, namely the musculoskeletal and nervous sys-
tems. Not only do ankle sprains damage ligaments, but they 
also damage mechanoreceptors and the joint capsule, which 
can then potentially adversely affect joint proprioception 
and balance. Most common treatments for ankle sprains 
initially involve the following: taping, bracing, protection, 
rest, ice, compression, and elevation. General rehabilitation 
typically involves the use of range of motion (ROM), 
strength training, and balance/proprioception training in 
order to progress the individual. Another rehabilitation 
technique includes the use of whole body vibration (WBV). 
Previous research has been conducted on the effects of WBV 

as a rehabilitation intervention on chronic ankle instability 
(CAI); however, there is limited research on the effects of 
WBV as a rehabilitation intervention on subacute ankle 
sprains.1 

WBV is a modality that is recognized for improving neu-
rovascular and neuromuscular performance and balance 
through vertical sinusoidal oscillations.9 The vibration 
moves from the foot throughout the rest of the body.9 There 
are several different vibrations that can be utilized, such 
as an alternating, simultaneous, and multidirectional.9 The 
frequencies range from low to high depending on the type 
of vibration administered. For alternating side-to-side ver-
tical WBV, low frequency is between 5-12 hertz (Hz) and 
high frequency is between 20-30 Hz.10 For simultaneous 
vertical WBV, low frequency is at 20-30 Hz and high fre-
quency is 35-50 Hz.9 Frequencies below 12 Hz cause muscle 
contraction without triggering the stretch reflex resulting 
in a conscious compensation of movement, whereas high 
frequencies focus on training muscle power and force 
through the rapid contraction and partial relaxation of the 
muscle.10 WBV has been shown to improve performance 
and balance in sub-populations such as the elderly and in-
dividuals with motor impairments like Parkinson Disease, 
stroke, and multiple sclerosis.11 However, Ritzmann et al. 
have recently suggested that WBV can enhance balance 
control in young healthy individuals.11 Research has also 
shown that WBV can lead to physiological changes in mus-
cle spindles, joint mechanoreceptors, strength, and power 
resulting in enhanced proprioception and balance in indi-
viduals with CAI.12 Although high frequencies have been 
shown to increase neurovascular and neuromuscular per-
formance and balance, there has been insufficient research 
that examines the effects of low frequency WBV on the lim-
its of stability (LOS) as a component of dynamic balance of 
young, healthy or injured adults, particularly examining the 
effects of WBV on subjects who have sustained Grade I and 
II ankle injuries, subacutely. 

Postural stability is the ability to maintain one’s center 
of gravity (COG) within the base of support (BOS); the max-
imum range in which the COG can be displaced without 
loss of balance or changing the BOS is referred to as the 
LOS.13,14 The LOS test measures a person’s reaction time 
(RT), movement velocity (MVL), endpoint excursion (EPE), 
maximal excursion (MXE), and directional control (DCL) 
when shifting their COG in eight different directions.14,15 

At the two ends of the lifespan, young children and older 
adults, postural stability is at its lowest.16 Young adults, 
however, have a larger amount of postural stability and are 
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able to expand their LOS, which decreases their risk of falls. 
Young adults that participate in athletics depend on their 
LOS to maintain their balance while performing dynamic 
movements such as: throwing, catching, kicking, and block-
ing. Injury to ankle ligaments will decrease an individual’s 
LOS due to swelling, pain, and instability. Previous research 
has used the LOS test to determine its effects on balance in 
individuals who have sustained ankle sprains.17 

The purpose of this study was to examine the difference 
in the effects of high and low frequency WBV on LOS in 
adults with a subacute ankle sprain. It was hypothesized 
that WBV would improve effects on outcome variables for 
LOS as a component of dynamic balance. 

METHODS 
RESEARCH DESIGN 

Quasi-experimental pretest-posttest design. 

PARTICIPANTS 

Fifteen participants, aged 19-27 years (Mean age 22±2.36) 
years were recruited through posted flyers on a University 
campus and through school-wide emails. All 15 participants 
had sustained a lateral ankle sprain (Grade I Sprain - n=12; 
Grade II Sprain – n=3). Those that participated in the study 
were rewarded a $25 gift card after completion of all three 
sessions through an internal university grant. The inclusion 
criteria included the following: between the ages of 18 and 
29, having sustained a Grade I or II ankle sprain in the prior 
one to five weeks, and able to speak and read English. While 
the subacute phase was recognized as occurring between 
one to eight weeks post ankle injury, the inclusion criteria 
was for the prior one to five weeks to ensure data collection 
could be completed within the subacute timeframe. The ex-
clusion criteria included the following: sustained an ankle 
injury in the prior six days or longer than eight weeks, had 
sustained a Grade III ankle sprain, were on medications that 
affected balance, and/or were currently pregnant. The par-
ticipants were informed of all the study risks and benefits 
of receiving WBV prior to filling out a pre-screening ques-
tionnaire and then were instructed on how to perform the 
LOS Test. All participants were required to sign an informed 
consent prior to participation. The study received univer-
sity institutional review board approval prior to screening 
or data collection. 

INSTRUMENTATION AND OUTCOME MEASURES 

The Galileo® Med L Chip Research (Galileo) (Novotec Med-
ical GmbH, Pforzheim, Germany), was used to provide the 
WBV intervention. The Galileo is a guided therapy machine, 
which provides an alternating side-to-side WBV while stim-
ulating the normal gait pattern. There is a separate control 
panel that allows the researcher to control the frequency 
and duration of the intervention and a handrail available 
for additional participant safety. The vertical lines on the 
base of the machine allow for consistency of foot place-
ment. High and low frequency WBV were delivered at 25 Hz 
and 6 Hz, respectively. 

The NeuroCom® Balance Manager system (NeuroCom) 

Figure 1: Study Protocol 
LOS = Limits of Stability 

(SMART EquiTest, Natus Medical Incorporated, Pleasanton, 
CA) was used to assess balance by the administration of the 
LOS test to assess the participants’ RT, MVL, EPE, MXE, and 
DCL when shifting their COG in eight different directions. 
This device also is accompanied with a harness for partic-
ipant safety. The participants have eight seconds to shift 
their COG in an effort to move the cursor to its appropriate 
destination. The eight directions include the following: for-
ward, forward right, right, backward right, backward, back-
ward left, left, and forward left. A composite score was then 
generated as a compilation of the average of each direction 
for each variable. 

DATA COLLECTION 

Fifteen participants were identified, completed the in-
formed consent and the Pre-Screening Questionnaire, and 
received either a Grade I or Grade II lateral ankle sprain 
classification after assessment by a Board-Certified Clinical 
Specialist in Sports Physical Therapy using the anterior 
drawer test and the talar tilt test.5 This clinician, along with 
a Board-Certified Clinical Specialist in Neurologic Physi-
cal Therapy, provided the supervision and training to two 
second year physical therapy student examiners who per-
formed data collection. The student examiners adminis-
tered the LOS tests as well as the WBV intervention. Figure 
1 displays the protocol that was followed in the study. Par-
ticipants attended a single session one time per week for 
three consecutive weeks. In each session, the participants 
completed a practice LOS test on the NeuroCom and then 
had a six-minute standing rest break followed by a pre-LOS 
(baseline) test and then an intervention followed by a post-
LOS test. The intervention consisted of receiving WBV uti-
lizing the Galileo in bilateral stance under one of three ran-
domized conditions (high frequency-25 Hz, low frequency-6 
Hz, and control, which consisted of bilateral stance on the 
Galileo with machine off) for six minutes in a university re-
search lab setting. 

Floor markings and scripts were made for every session 
to allow for standardization. All participants were secured 
in a harness during the LOS test and the harness remained 
on for the entirety of each session. 

DATA ANALYSIS 

A 2 (time: pretest, posttest) x 3 (condition: low frequency 
WBV, high frequency WBV, control) ANOVA with repeated 
measures on both factors was used to determine changes 
for each of the dependent variables. An alpha level was set 
at p <0.05 and power was set at 0.8 for each variable. Post 
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hoc analysis was performed with pairwise comparisons in-
volving repeated measures ANOVAs if significant interac-
tions were found. Statistical analysis was performed using 
the SPSS, 25.0 statistical software package (IBM Corp. Re-
leased 2018. IBM SPSS Statistics for Windows, Version 25.0. 
Armonk, NY: IBM Corp.). 

RESULTS 

Significant interactions for composite scores for the LOS 
variables of RT, MVL, and MXE were found (Table 1). For 
composite RT, a significant two-way interaction was noted 
between condition and time F(2,28)=3.505, p=0.044 (Table 
1). 

Post hoc analysis for simple main effects for condition 
revealed significant differences among the three post con-
ditions of LOS (high frequency, low frequency, control) 
F(2,28)=3.754, p=0.036 (Figure 2). 

Pairwise comparisons revealed a significant decrease in 
composite RT of 0.117 seconds (95% CI, .019 to .214, 
p=0.022) (Figure 3) between control and high frequency 
conditions during the post LOS. For composite MVL, a sig-
nificant two-way interaction was noted between condition 
and time F(2,28)=3.394, p=0.048 (Table 1). 

Post hoc investigation for simple main effects for time 
revealed a significant increase in composite MVL of 0.547 
degrees/second F(1,14)=13.771, p=0.002 (95% CI, .231 to 
.863) (Figure 4) between pre- and post-high frequency WBV. 
For composite MXE, a significant two-way interaction was 
noted between condition and time F(2,28)=4.271, p=0.024 
(Table 1). Post hoc investigation for simple main effects for 
time revealed a significant increase in composite MXE of 
2.13% F(1,14)=5.767, p=0.031 (95% CI, .228 to 4.039) (Figure 
5) when comparing pre- and post-high frequency WBV. 

DISCUSSION 

The purpose of this study was to examine the difference in 
the effects of high and low frequency WBV on LOS in adults 
with a subacute ankle sprain. It was hypothesized that WBV 
would improve effects on outcome variables for LOS as a 
component of dynamic balance. Out of the five LOS com-
posite scores assessed, only three of them were statistically 
significant between interventions. Although low frequency 
WBV was examined in this study, the results indicate that 
only high frequency WBV may impact the movement sys-
tem and lead to improvements in some of the fundamental 
variables required for postural stability. Regarding clinical 
meaningfulness, while the current study found statistically 
significant change occurring in RT (decrease of .117 sec-
onds), MVL (increase of .547 deg/sec), and MXE (increase 
of 2.13%), true, clinically meaningful, change appears to be 
questionable based on previous research. Alsalaheen et al. 
examined LOS test composite scores as well as the indi-
vidual LOS components in healthy adolescents and found a 
MDC95 of 0.13 seconds for RT, 1.55 deg/second for MVL, and 
5.9% for MXE in order for true change to occur.18 Although 
these results cannot be generalized to the current study 
population of those with subacute lateral ankle sprains, it 
may indicate that clinically meaningful changes did not oc-

Table 1: Limits of Stability Composite Results 

Variable p value 

RT F(2,28)=3.505, p=0.044* 

MVL F(2,28)=3.394, p=0.048* 

EPE F(2,28)=1.406, p=0.262 

MXE F(2,28)=4.271, p=0.024* 

DCL F(2,28)=1.835, p=0.178 

RT = Reaction Time, MVL = Movement Velocity, EPE = End Point Excursion, MXE = Maxi-
mum Excursion, DCL = Directional Control, *=p<0.05 

Figure 2: Interaction Effect for Composite Reaction 
Time 

*p=0.036 
WBV = Whole Body Vibration 

Figure 3: Post Composite Reaction Time 
*p=0.022 
RT – Reaction Time 
WBV – Whole Body Vibration 

cur. 

HIGH FREQUENCY WBV 

To the authors’ knowledge, there are no other current re-
search studies that have examined the effects of WBV on 
the LOS as a component of dynamic balance in individuals 
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with a lateral ankle sprain. However, several authors have 
examined the effects of WBV on balance in a variety of pop-
ulations. According to Ritzmann et al., high frequency al-
ternating side-to-side vertical WBV, administered through 
the Galileo Sport, improved balance control as noted by 
center of pressure movement during one-leg stance for 38 
physically fit adult students who trained for four weeks.11 

This is consistent with the results of the current study in 
that high frequency (25 Hz) WBV delivered in an alternating 
side-to-side device improved RT, MVL, MXE of the LOS Test 
that correlate with improved balance in a similar age pop-
ulation. However, the Ritzmann, et al.11 study looked at a 
healthy adult population as compared to the current suba-
cute ankle sprain group. The current study is also in agree-
ment with Sierra-Guzman et al., who found improvements 
in balance using the Biodex Balance System after high fre-
quency simultaneous vertical WBV (30-40 Hz) utilizing the 
Excel Pro vibration platform in 50 recreational athletes with 
CAI who were randomized to three groups: vibration, non-
vibration, or control.19 The intervention occurred one time 
per week for three consecutive weeks. Again, while not ad-
dressing subacute ankle injuries and with using simultane-
ous vertical rather than alternating side-to-side WBV, those 
authors found that elements of balance also improved in 
CAI when utilizing high frequency WBV. 

Additionally, while not addressing balance specifically, 
other studies have examined the impact of WBV on indi-
viduals with CAI and found high frequency WBV to improve 
outcomes related to range of motion, strength, and propri-
oception. One such study had 39 participants with CAI ran-
domized to three groups: normative, static stretch, and sta-
tic stretch with WBV (simultaneous vertical) at 34 Hz.20 The 
study was conducted four days per week for three weeks. 
The static stretching with high frequency WBV group saw 
increases with dorsiflexion ROM that were better than with 
static stretching alone.20 While that study investigated in-
dividuals with chronic conditions and not subacute ankle 
injuries, it is interesting to note that high frequency WBV 
was beneficial to treatment in a CAI population. Likewise, 
the present study found that high frequency WBV may be 
beneficial to the subacute ankle injury population. The rea-
sons for this benefit may be two-fold. As previously men-
tioned, previous researchers have found that WBV produces 
physiological changes in muscle spindles, joint mechanore-
ceptors, strength, and power resulting in enhanced propri-
oception and balance.12 As such, one reason may involve 
lowering the threshold for activation of these receptors. 
Additionally, high frequency WBV may produce a summa-
tive effect of the stimulus required to produce activation in 
these structures. 

LOW FREQUENCY VIBRATION 

Low frequency (6 Hz) alternating side-to-side WBV was not 
found to have a significant impact on balance in an adult 
population with subacute ankle sprains in the current 
study. Additionally, there are no studies to date showing 
that low frequency WBV has a favorable impact on dynamic 
balance for a population suffering from subacute lateral an-
kle sprains. 

However, the results of the current study are in line with 

Figure 4: Interaction Effect for Composite 
Movement Velocity 

*p=0.002 
WBV – Whole Body Vibration 

Figure 5: Interaction Effect for Composite Maximal 
Excursion 

*p=0.031 
WBV – Whole Body Vibration 

the results of a study by Rendos et al. in which 19 active 
adults were studied in a control group and a group with 
CAI.12 The participants received low frequency (30 Hz) si-
multaneous vertical WBV and sham interventions on 3 dif-
ferent testing days in a random order. Results indicated that 
the low frequency WBV did not improve static or dynamic 
balance in either group.12 

LIMITATIONS 

Limitations in the present study were noted. For one, spon-
taneous healing over time may have been a factor. All par-
ticipants completed three sessions over the course of three 
weeks. Although all participants remained in the subacute 
phase of injury during their participation in this study, the 
healing process for their ankle injury was continuous, and 
likely variable among subjects. Thus, it is possible that 
spontaneous healing over the study period could have en-
hanced the effects of the intervention, and occurred differ-
ently among subjects. 

Second, a learning effect could have influenced the re-
sults. All participants were required to perform a practice 
LOS Test to allow each participant to acclimate to the test. 
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Therefore, as participants continued through the sessions, 
they may have demonstrated improvements in their pre- 
and post- LOS testing secondary to this effect. 

Finally, participants may not have maintained a consis-
tent knee position during the intervention. Knee flexion 
was measured using a goniometer once every session, as 
the participant mounted the Galileo, to ensure a standard-
ization of each participant’s stance during the randomized 
condition portion of the session. Every participant was then 
verbally instructed to maintain this set degree of knee flex-
ion throughout receiving the random condition. However, 
knee flexion was never re-assessed throughout the session 
and may have changed, potentially altering the effects of 
WBV. 

CONCLUSIONS 

The results of the current study suggest that a single ses-
sion of high frequency WBV for individuals with a sub-acute 
ankle sprain resulted in statistically significantly improved 
RT, MVL, and MXE during the post-LOS test performance. 
There were no significant findings associated with either 

the low frequency WBV condition or the control condition. 
Further research is required to determine the clinical signif-
icance of these results and to investigate the long-term ef-
fects of a single session of high frequency WBV, since this 
study focused mainly on the immediate effects. Additional 
research should also be performed to determine if multi-
ple sessions of high frequency WBV over the course of sev-
eral weeks would be more beneficial in improving additional 
variables of an individual’s LOS. Moreover, a comparison 
between the effects of alternative side-to-side delivery of 
WBV and simultaneous vertical WBV on individuals with 
subacute ankle injuries would be beneficial. 
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