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Background: Whole-body vibration (WBV) has been used to alleviate proprioceptive damage
by musculoskeletal and neurological conditions. However, no study has determined whether
wearing shoes while applying WBV can affect proprioception precision of the knee joint.

Objects: This study aimed to determine the differences in the proprioceptive precision of the
knee joint before and after WBV and to compare the proprioceptive precision of the knee joint
between barefoot and shoe-wearing conditions.
Methods: This study recruited 33 healthy participants. A passive-to-active angle reproduction test was used to measure the proprioception precision of the knee joint using an electrogoniometer, and the target angle was set to a knee flexion of 30°. Proprioception precision
was calculated using the error angle (angular difference from 30°). Proprioceptive precision
was measured in weight-bearing and non-weight-bearing positions before and after applying WBV for 20 minutes at 12 Hz in barefoot and shoe-wearing conditions. Mixed repeated
analysis of variance was used to determine the differences in changes in the proprioceptive
precision of the knee joint according to foot conditions.

Results: There were significant improvements in the weight-bearing (p = 0.002) and nonweight-bearing (p < 0.001) proprioceptive precision of the knee joint after applying WBV.
However, there was no significant difference in the change in proprioceptive precision of the
knee joint after applying WBV between the barefoot and shoe-wearing conditions.

Conclusion: WBV stimulation had an immediate effect on improving the proprioceptive
precision of the knee joint. However, foot conditions (barefoot or shoe-wearing) during WBV
application did not influence the proprioceptive precision of the knee joint.

INTRODUCTION

on account of pathological disruptions within the sensory system or damage to the central sensorimotor structure, which is

To maintain postural control, it is necessary to detect body

important for organizing sensory information [6]. Patients with

movements through the sensory system, integrate sensorimo-

musculoskeletal pathologies, including low back pain, ankle

tor information within the central nervous system, and execute

sprain, and degenerative joint disease, present with impair-

motor responses appropriately [1]. To sense the movement of

ment of proprioceptive sensations [7,8].

the body, the visual, vestibular, and somatosensory systems

Several proprioception and balance training methods (such

are essential [2,3]. Peripheral receptors of the somatosensory

as balance board and uneven surface training) have been ap-

system consist of muscle spindles, Golgi tendon organs, joint

plied and demonstrated to improve sensorimotor adaptation

receptors, and cutaneous receptors [4,5]. These receptors are

and proprioception [1]. Recently, whole-body vibration (WBV)

embedded in the muscle fibers, tendons, and joint capsules

has been applied to improve proprioception as well as bal-

[4,5]. Patients with neurological impairments show abnormal

ance, strength, and power in various fields such as sports, geri-

postural control due to an inability to adapt to sensory input

atric wellness, rehabilitation, and fitness [9-12]. WBV can stim-
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ulate the joints, tendons, and muscles simultaneously through

the knee joint would be different between foot conditions and

low-frequency vibrations generated by a specialized machine

that the barefoot condition would be better effect of WBV than

[9,13-15]. Previous studies have reported that WBV was risk

the shoes condition. And hypothesized that proprioception

factor for some musculoskeletal disorders such as lower back

precision of the knee joint would be different between weight

pain but it was effective in improving proprioception [9,12,16].

bearing conditions.

However, there have been no consistent results regarding the
effects of WBV on proprioception precision improvement [17].

MATERIALS AND METHODS

Some studies have reported that the sole of a shoe increases
the surface area of the foot that is in contact with a vibrating

1. Participants

surface, thus increasing vibration stimulation [18,19]. In con-

Although 33 participants were originally recruited for this

trast, another study reported that the flexibility of the shoe sole

study, only 30 participants ultimately completed the study.

can reduce the amplitude and frequency of vibrations and that

Three participants dropped out for personal reasons. The de-

more vibrations can be transmitted to the ankle under barefoot

mographic data are shown in Table 1. This research protocol

conditions [19]. As such, the effect of vibrations according to

was reviewed and approved by the Yonsei University Mirae

footwear conditions is controversial. Accordingly, the present

Institutional Review Board (approval number 1041849-202101-

study was aimed at comparing the effects of WBV stimulation

BM-001-02). All participants provided written consent before

on proprioceptive precision of the knee joint between barefoot

participating in the study. Healthy participants without any

and shoe-wearing conditions. Previous studies have typically

musculoskeletal or neurological conditions were recruited.

investigated proprioceptive precision of the knee joint on an

The exclusion criteria were as follows: (1) history of fracture or

open kinetic chain (non-weight-bearing position) after WBV

surgery on the lower extremities; (2) lower extremity injury; (3)

stimulation [9,20-22]. WBV stimulation is usually performed in

sensory deficits and musculoskeletal dysfunction or neurologi-

a closed chain position (weight-bearing position) on a plate,

cal impairment; and (4) discomfort or dizziness during delivery

whereas standing balance tests are performed in the weight-

of the vibratory stimulus used in this study.

bearing position. However, no study has determined whether
WBV stimulation can improve the proprioceptive precision

2. Proprioception Precision Test of the Knee Joint

of the knee joint in the weight-bearing position. Determin-

The passive-to-active angle reproduction test was used to

ing whether WBV stimulation can improve the proprioceptive

measure the proprioception precision of the knee joint. A

precision of the knee joint in both non-weight-bearing and

digital goniometer (iGAGING, Los Angeles, CA, USA) was used

weight-bearing positions and evaluating the differences in the

to measure the knee joint angle. The intra-rater reliability

effects of WBV stimulation between shoe-wearing and barefoot

of knee joint measurement using a digital goniometer was

conditions would provide valuable information for retraining

0.997–0.998, and the inter-rater reliability was 0.994 [23]. A

proprioception and balance rehabilitation. Thus, the purpose

digital goniometer was placed on the lateral part of the femur

of this study was to determine the proprioception precision of

and leg parallel to the line that links the great trochanter and

the knee joint before and after applying WBV and to compare

the lateral epicondyle of the femur and lateral malleolus of the

the effects of WBV stimulation on proprioception precision

fibula. The axis of the digital goniometer was located at the

of the knee joint between foot conditions (wearing shoes vs.

center of the knee joint [24]. The dominant leg, determined by

barefoot). We hypothesized that proprioception precision of

kicking ball performance, was selected as the testing side [24].

Table 1. The characteristics of the subjects
Group
All (N = 30)
Male (n = 20)
Female (n = 10)

Age (y)

Body mass index (kg/m2)

Height (cm)

Weight (kg)

28.0 ± 2.13
28.6 ± 2.19
27.1 ± 1.73

19.3 ± 2.83
20.6 ± 2.17
16.6 ± 2.07

169.2 ± 8.66
173.9 ± 5.49
159.6 ± 5.06

65.5 ± 11.94
71.7 ± 8.42
53.2 ± 7.52

Values are presented as mean ± standard deviation.
www.ptkorea.org
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To measure the proprioceptive precision of the knee joint, the

1) Weight-bearing position test (WB)

principal investigator (PI) moved the participant’s leg passively

In the weight-bearing position test (WB), the participants

at a target knee angle of 30° flexion and stopped, and the par-

were barefoot and clothed to above the middle of their thighs

ticipant was given 4 seconds to estimate the knee angle [25].

prior to measurement in order to abolish cutaneous sensa-

Then, the PI replaced the leg passively into the starting posi-

tions. Participants stood next to a table, closed their eyes, and

tion, and the participant was asked to actively move the tested

lightly touched the edge of a table to maintain balance during

leg to position the knee joint at the previously estimated angle

the test. The participants were then asked to lift the opposite

to reproduce it. When the participant reported that they had

foot of the tested leg [25].

reproduced the knee joint to exactly the remembered position,

The PI passively moved the knee joint of the tested leg to a

the PI measured this angle with a digital goniometer. Proprio-

target knee angle of 30° stopped with verbal cue and contact.

ception precision was calculated using the error angle (angular

The participant was asked to estimate the knee angle during

difference from 30°). Three trials were performed, and the av-

4 seconds [25]. Then, the PI replaced the leg passively into the

erage value of the three trials was calculated and used for data

starting position, and the participant was asked to actively flex

analysis. This measurement was performed at two different

the knee joint at the remembered positional angle to reproduce

positions (weight-bearing and non-weight-bearing positions)

it. When the participant reported that they had reproduced the

and in two different foot conditions (barefoot and while wear-

knee joint to exactly the remembered position, the PI measured

ing shoes). The order in which the measurements were taken

the knee angle (Figure 1). Three trials were performed, and the

was selected randomly.

average value of the three trials was calculated.

30

A

B

Figure 1. (A) Measuring the precision of
proprioception of the knee joint in weight
bearing position (start position). (B) Measuring the precision of proprioception of
the knee joint in weight bearing position
(end position).

30

A
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B

Figure 2. (A) Measuring the precision of
proprioception of the knee joint in nonweight bearing position (start position). (B)
Measuring the precision of proprioception
of the knee joint in non-weight bearing position (end position).
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2) Non-weight bearing position test (NWB)

formed to assess within and between differences in the preci-

In the NWB, the participants sat on a table barefoot and did

sion of proprioception of the knee joint. An independent t-

not touch the floor with their feet before measurement. The

test was performed to compare the proprioception precision

participants were then asked to close their eyes during mea-

of the knee joint between WB and NWB. A paired t-test was

surements. The proprioceptive precision measurement in the

performed to compare the precision of proprioception of the

non-weight-bearing position was performed as in the WB pro-

knee joint pre- and post-WBV. The level of statistical signifi-

cedures (Figure 2).

cance was set at 5% (p < 0.05).

RESULTS

3. Whole-Body Vibration (WBV)
The Galileo® Delta A Tilt Table (Novotec Medical GmbH,
Pforzheim, Germany) was used for WBV stimulation. WBV

All variables were normally distributed. There was a signifi-

stimulation was applied for 20 minutes and at 12 Hz in accor-

cant main effect in the precision of proprioception of the knee

dance with the manufacturer’s website. Participants stood with

joint between pre- and post-WBV in WB (p = 0.002) (Table 2)

their legs spread apart to shoulder width and looked straight
ahead (Figure 3). Within 5 minutes after intervention, proprioception precision tests with WB and NWB were conducted
randomly. WBV stimulation and measurement of proprioceptive precision of the knee joint for each foot condition were
performed weeks apart in order to minimize learning effects.
Participants wore indoor shoes for the shoe-wearing condition. The test order was randomly selected.

4. Statistical Analysis
All statistical analyses were performed using the SPSS software (ver. 25.0 for Windows; IBM Corp., Armonk, NY, USA).
The average and standard deviation were calculated for all

A

variables. The Shapiro-Wilk test was used to test for normality. A 2 × 2 (foot conditions [barefoot, wearing shoes] × time
[pre, post]) repeated-measures analysis of variance was per-

B

Figure 3. (A) Whole body vibration stimulation position (front). (B) Whole
body vibration stimulation position (side).

Table 2. Within (pre- and post-WBV) and between (barefoot and wearing shoes) differences in precision of proprioception of the knee joint measured in
WB position
Variable

FC

WB

Barefoot
Shoes

Proprioception
Pre

Post

2.55 ± 1.72
2.45 ± 1.77

1.48 ± 1.38
1.55 ± 1.71

Interaction effect
FC × WBV (p)
0.751

Significant difference Significant difference
within WBV (p)
between FC (p)
0.002*

0.964

Values are presented as mean ± standard deviation. FC, foot condition; WBV, whole body vibration; WB, weight bearing. *Significant difference (p < 0.05).
Table 3. Within (pre- and post-WBV) and between (barefoot and wearing shoes) differences in precision of proprioception of the knee joint measured in
NWB position
Variable

FC

NWB

Barefoot
Shoes

Proprioception
Pre

Post

3.64 ± 2.39
3.85 ± 2.37

2.55 ± 2.37
1.91 ± 1.50

Interaction effect
FC × WBV (p)
0.175

Significant difference Significant difference
within WBV (p)
between FC (p)
< 0.001*

0.656

Values are presented as mean ± standard deviation. FC, foot condition; WBV, whole body vibration; NWB, non-weight bearing. *Significant difference (p <
0.05).
www.ptkorea.org
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and NWB positions (p < 0.001) (Table 3). Paired t-tests showed

there were no significant main effects or interactive effects on

significant differences in the precision of proprioception of

the precision of proprioception of the knee joint between foot

the knee joint between pre-and post-WBV in both barefoot (p

conditions in WB (p = 0.964) (Table 2) and NWB positions (p =

= 0.014) and shoe-wearing conditions (p = 0.015) in the WB

0.656) (Table 3).

position, and barefoot (p = 0.025) and shoe-wearing conditions (p < 0.001) in the NWB position (Figure 4). Pre-WBV,

DISCUSSION

independent t-tests showed significant differences in the precision of proprioception of the knee joint between WB and

This study was conducted to determine the effects of WBV

NWB positions in both barefoot (p = 0.046) and shoe-wearing

stimulation on proprioceptive precision of the knee joint

conditions (p = 0.012) (Table 4). Post-WBV, both barefoot (p =

measured in the NWB and WB positions and to compare the

0.038) and shoe-wearing conditions (p = 0.026) showed signifi-

effects of WBV stimulation on proprioceptive precision of the

cant differences in the precision of proprioception of the knee

knee joint between barefoot and shoe-wearing conditions. Our

joint between the WB and NWB positions (Table 5). However,

hypothesis was that proprioception precision of the knee joint

Weight bearing

Non-weight bearing
Pre WBV
Post WBV

5.0

Proprioception of the knee joint ( )

Proprioception of the knee joint ( )

A

4.0
3.0

*

*

2.0
1.0
0.0

Pre WBV
Post WBV

5.0

*

*

Barefoot

Shoes

4.0
3.0
2.0
1.0
0.0

Barefoot

Shoes

Figure 4. (A) Comparison of precision of proprioception of the knee joint between pre and post-WBV (weight bearing). (B) Comparison of precision of proprioception of the knee joint between pre and post-WBV (non-weight bearing). WBV, whole body vibration.

Table 4. Comparison of precision of proprioception of the knee joint measured pre-WBV between WB and NWB test position
Foot conditions
Barefoot
Shoes

Proprioception

Test
position

N

Pre-mean

SD

WB
NWB
WB
NWB

30
30
30
30

2.55
3.64
2.45
3.85

1.72
2.39
1.77
2.37

t

p

2.038

0.046*

2.596

0.012*

SD, standard deviation; WB, weight bearing; NWB, non-weight bearing. *Significant difference (p < 0.05).

Table 5. Comparison of precision of proprioception of the knee joint measured post WBV between WB and NWB test position
Foot conditions
Barefoot
Shoes

Proprioception

Test
position

N

Post-mean

SD

WB
NWB
WB
NWB

30
30
30
30

1.48
2.55
1.12
1.91

1.38
2.37
1.16
1.50

SD, standard deviation; WB, weight bearing; NWB, non-weight bearing. *Significant difference (p < 0.05).
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https://doi.org/10.12674/ptk.2021.28.2.108

t

p

2.126

0.038*

2.284

0.026*
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would be differences according to foot conditions and that

perature may increase the firing rate of group Ia afferents and

there would be differences according to weight bearing condi-

Golgi tendon organs, thereby contributing to improvements in

tions. The results of the study showed that WBV was effective

movement detection threshold and the precision of proprio-

for the proprioception of the knee joint, but there were no

ception of the knee joint after WBV delivery.

significant differences between foot conditions. Several studies

Previous studies have reported that WBV exposure has ad-

have demonstrated that proprioception of the knee joint im-

verse effects on proprioceptive precision and sensory acuity

proves after WBV stimulation [10,13,26-28].

[31,32]. However, some studies have reported that propriocep-

Lin et al. [27] reported that the error angle of knee joint

tive precision did not change after WBV stimulation [19,33].

proprioception decreased by approximately 1.5°–1.9° after ap-

Hannah et al. [17], Pollock et al. [19], and Jones et al. [34] re-

plying WBV in healthy adult males. Zahedi et al. [28] reported

ported that WBV did not affect proprioceptive precision of the

that the error angle of knee joint proprioception decreased by

knee joint. In the present study, the precision of propriocep-

0.8°–1.2° in healthy adults and 0.7° in patients with osteoar-

tion of the knee joint significantly improved after 20 minutes

thritis. Furthermore, Ko et al. [26] studied the effect of WBV

of WBV stimulation. These inconsistencies between the results

stimulation in children with cerebral palsy and reported that

of previous studies may be explained by differences in the

the error angle of knee joint proprioception decreased by 1.28°

type of vibrators and parameters of the vibratory stimuli used

after WBV stimulation. Similarly, the results of the present

during these studies. Further studies are needed to confirm

study showed that the error angle of knee joint proprioception

whether proprioceptive precision can be influenced by differ-

after applying WBV decreased by 1.07° in the barefoot condi-

ent parameters such as stimulation time, frequency, position

tion and by 0.9° in the shoe-wearing condition. These results

during vibration stimulation, pattern of stimulation, type of

support the hypothesis that WBV can improve proprioception

vibratory machine, and magnitude of vibration.

precision of the knee joint.

Wearing shoes can affect balance, sensory input, and pro-

The results of the present study showed that proprioception

prioception function. The cushion and type of sole of the

precision of the knee joint significantly improved after WBV

shoes can influence the amplitude and frequency of the vibra-

stimulation in both foot conditions. However, there is a lack

tion. The amplitude of vibration can be reduced while standing

of scientific evidence of the effect of WBV on improving pro-

by wearing shoes with flexible soles, and the amount of trans-

prioception of the knee joint. A possible mechanism by which

mitted vibration can be enhanced by increasing the surface

proprioception precision of the knee joint was significantly

area of the foot compared with being barefoot [18,20]. Thresh-

improved after WBV stimulation is explained below.

old values of the vibration are different between barefoot and

Mense [29] studied the effect of temperature on muscle

shoe-wearing conditions, and the threshold value while being

spindles and tendon organs and reported that muscle warm-

barefoot (31.1 µm) was lower than that while wearing shoes

ing increased the firing rate of group Ia afferents and the

(42.1 µm). Being barefoot has a higher vibration sensitivity

Golgi tendon organs. Cochrane et al. [30] studied the effect of

[35]. Therefore, the current study hypothesized that the effect

acute WBV stimulation on muscle temperature and found that

of WBV stimulation on proprioception precision of the knee

the mean rate of increase in muscle temperature was signifi-

joint would be different between barefoot and shoe-wearing

cantly increased during acute WBV and that the rate of muscle

conditions during WBV application. The results of the current

temperature during acute WBV was approximately twice that

study showed that there was no significant difference in the

achieved by cycle and hot water immersion interventions.

effect of WBV stimulation between barefoot and shoe-wearing

WBV can evoke friction between soft tissues during WBV ap-

conditions. In this study, indoor shoes were used to apply the

plication, which may increase the muscle temperature. In ad-

WBV. The soles of indoor shoes are relatively thin and flex-

dition, WBV may lead to rhythmic muscle contraction, which

ible compared to sports shoes. The relatively thin and flexible

increases muscle temperature via active leg muscle contraction

sole of indoor shoes may have contributed to the results of this

and increased metabolism of the major muscles. Although

study. Further studies are needed to determine the effect of

temperatures of the surrounding knee joint muscles were not

WBV stimulation on the proprioception precision of the knee

measured directly in the present study, increased muscle tem-

joint using sports shoes with thick and stiff soles. Determining
www.ptkorea.org
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whether wearing shoes during WBV shows proprioception pre-

angle of 30°. This makes it difficult to generalize the results of

cision of the knee joint that is as effective as that in barefoot

this study to different angles. For these reasons, it is necessary

conditions would provide valuable clinical information.

to evaluate several participants using various angles, taking

Proprioception of the knee joint can be influenced by different weight-bearing conditions (closed kinetic chain vs. open

into account the precise posture for proprioception stimulation of the knee.

kinetic chain) [24,25,36]. Previous studies have reported that
proprioception in the knee of the dominant leg measured on

CONCLUSIONS

WB showed a smaller error value of approximately 2°–3° than
that on NWB, resulting in more accurate and functionally rel-

We compared the differences in the proprioceptive precision

evant results [24,35-37]. The results of the current study also

of the knee joint after WBV according to foot conditions. In

showed significantly less precision about 1.1° in the proprio-

conclusion, WBV was effective in improving proprioception of

ception of the knee joint in the WB position than in the NWB

the knee, regardless of whether the participants wore footwear.

position. The proprioception test on WB was more strongly in-

The results of the current study indicate that WBV stimulation

fluenced by the resistance of the lower extremity muscles than

is effective for improving the precision of proprioception of

on NWB. In addition, cutaneous sensory receptors of the sole

the knee joint in both WB and NWB testing positions.

of the foot, mechanoreceptors in the hip and ankle joints and
muscle spindles of the hip and ankle muscles are stimulated
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