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Featured Application: The protocol proposed by this study (WBV alone or associated with
TA) can be used by health professionals as a non-pharmacological intervention to improve the
functionality of individuals with knee osteoarthritis.

Abstract: Knee osteoarthritis (KOA) is a degenerative disease of the knee joint. This study aims to
evaluate the effects of whole-body vibration (WBV), auriculotherapy (AT), and the association of
these techniques with the functionality of KOA individuals. Individuals (n = 120) were allocated an
AT group (GAT), a WBV group (GWBV), an association group (GWBV + AT), and their respective
controls (CGAT, CGWBMV, CGWBMV + AT). The WBV intervention was performed with 5–14 Hz in
3 min of working time with 1 min rest. The control group performed the protocol with the vibrating
platform (VP) turned off. The AT intervention was performed with adhesive tapes, with seeds placed
in the both ears on the Shenmen point, knee joint, and kidney. The control groups had seedless tape
placed on both ears. The participants were instructed to press the adhesive tapes with the fingers
three times per day (for 6 days) and to remove the adhesive tapes on the seventh day, before returning
to the laboratory. The International Knee Documentation Committee (IKDC), the short physical
performance battery (SPPB), and the anterior trunk flexibility (ATF) tests were applied. Acute and
cumulative effects were determined. In first session (acute effect of the first session), significant
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improvements were observed in the groups GWBV (p = 0.03) and GWBV + AT (p = 0.04), and in the
cumulative effect a significant improvement was observed in the groups GWBV (p = 0.02) and GWBV
+ AT (p = 0.01). Concerning the overall score of the SPPB, significant improvements were observed in
the individuals of the GWBV (p = 0.01) and GWBV + AT (p = 0.03) groups (cumulative effect). No
changes were found in the score for the IKDC. The WBV alone or associated with AT, besides being a
safe and feasible strategy, likely produces physiological responses that improve the functionality of
KOA individuals, considering the findings of the ATF and the score of the SPPB.

Keywords: mechanical vibration; traditional Chinese medicine; balance; flexibility; muscle strength

1. Introduction

Knee osteoarthritis (KOA) is characterized by the degradation and erosion of the articular cartilage,
inflammation of the synovial membrane, and formation of osteophytes and ligament laxity [1,2].
These conditions could lead to a relevant level of pain, a reduction in the movement of the knees and
joint stiffness with commitment of functionality. Ferreira el al. (2018), published an umbrella review, in
which it is pointed out that KOA evolution can improve, remain stable, or get worse. Moreover, it
is established that treatment strategies include pharmacological, non-pharmacological, surgical, and
non-surgical interventions. Furthermore, it is highlighted that there are several non-pharmacological
and non-surgical interventions that are safe and with low cost, which can be incorporated into
self-management performed at home or in the community, and that have a relevant public health
impact [3]. In this context, therapeutic interventions with less side effects for KOA individuals would be
desirable, such as various modalities of exercise [4], such as whole-body vibration (WBV) exercises [3,5],
physiotherapy techniques, and the procedures related to traditional Chinese medicine (TCM), such as
acupuncture [6,7] and auriculotherapy (AT) [5].

One technique among the TCM procedures is AT [8,9]. In TCM, disease is considered to be caused
by the imbalance of the energy, qi, in the body [10].

Similar points to acupuncture are also found around areas of the sensory organs, such as on the
ears in the AT [8,11,12]. AT is a procedure in which there is a stimulation of point (acupoint) on specific
areas of the inner and outer ear lobe that treat disease or illness [10].

In AT, different types of materials, including plant seeds (Semen vaccariae), are applied to stimulate
the acupoints for therapeutic purposes. The effectiveness of AT would be associated with functional
changes in the body, interconnected with TCM, neurological, and embryological theories, microsystems,
and a hormonal basis [9,12–15].

In general, AT involves the stimulation of a point named the “corresponding region” related to
the organic dysfunction to be treated. Other points are also chosen considering the disease. AT has
demonstrated beneficial effects in various clinical disorders [12,14,16,17], such as pain and anxiety [8],
pain associated with cancer [18], knee arthroscopy, hip fractures, and hip arthroplasty [19].

An important alternative to physical activity is the WBV exercises, which have been used to
improve fitness performance [20,21] or as an option for the rehabilitation process [22]. WBV exercises
take place when the individual has direct contact with the base of a vibrating platform (VP). In this
case, there is a transmission of the mechanical vibration generated in the VP to the body of the
individual [23,24].

Studies involving WBV exercises suggested important findings, such as mass gain and muscle
strength, balance, walking speed, decrease of pain [22–24], improvement in flexibility [5,25,26], and a
decrease in the risk of falling [27].

Different tools are used to assess the functionality of various populations [28,29], for example,
The International Knee Documentation Committee (IKDC) [29]. In addition, a short physical
performance battery (SPPB) is used to evaluate the physical performance of individuals and evaluate
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their functional capacity considering balance, gait speed, and lower limb strength [30]. The functionality
can also be assessed using the anterior trunk flexibility (ATF) test [25], in which the individual is asked
to measure the distance between their middle finger to floor.

Considering the relevance of the use of non-pharmacological procedures to the management
of individuals with KOA, the aim of this study was to analyze the effect of WBV and AT and the
association of these two techniques on the functionality of KOA individuals. Thus, the hypothesis
states that WBV and AT (associated or isolated) could be a safe and feasible strategy for improving the
functionality of KOA individuals.

2. Materials and Methods

This cross-section and cross-over study was approved by the Ethics Committee in Research of the
Hospital Universitário Pedro Ernesto (HUPE) and the Universidade do Estado do Rio de Janeiro (UERJ),
and it was registered in the clinical trial registration (CAAE-19826413.8.0000.5259 and RBR-7dfwct,
respectively). All the procedures are embedded by the Declaration of Helsinki. The interventions were
performed in Laboratório de Vibrações Mecânicas e Práticas Integrativas (LAVIMPI), UERJ, from 2013
to 2019.

2.1. Inclusion Criteria

Participants aged ≥40 years old of both sexes who werr outpatients of the HUPE with a diagnosis
of KOA.

2.2. Exclusion Criteria

Participants with untreated hypertension, pregnancy, neurological diseases, “fear” of the
movements on the VP, neurological alterations, which may hamper understanding of assessment
instruments, severe or incapacitating clinical diseases, concomitant musculoskeletal disorders,
prosthesis in the knee or hip, criterium of the investigator (aiming for the safety of the participant), and
those individuals who refused to sign the Informed Agreement Form to participate in the study.

2.3. Sample Size

For a statistical power of 95% and a significance level of 5%, a sample size of 13 subjects in each
group, according to the variable functionality, was calculated [31]. Considering a possible decrease
in sample size, 222 individuals were recruited. The subjects were referred by a physician of the
Orthopedics Department of the HUPE/UERJ. The individuals were asked to maintain the regular
dietary habits and level of physical activity during the study period.

2.4. Participants

A total of 102 individuals were excluded due to the exclusion criteria or economic conditions or
because the individual gave up. A total of 120 individuals were allocated into six groups: the AT group
(GAT), the WBV group (GWBV), the group with the association of interventions (GWBV + AT), and
their respective controls (CGAT, CGWBV, CGWBV + AT). In all the groups there were, at least, two
men. In the GWBV and GWBV + AT, the intervention was performed twice a week and, in the GAT,
once a week following a previous publication [5]. The control groups performed the same procedure,
but with the side alternating vibrating platform (SAVP) turned off.

To try to optimize the study, the allocation of the individuals in each group considered the order
of the moment of the arrival in the LAVIMPI. The first individual entered in the GAT, the second in the
GWBV, and in sequence up to GWBV + AT, CGAT, CGWBV, and CGWBV + AT. The seventh individual
and the next individuals followed a new sequence.
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2.5. Whole-Body Vibration Intervention

The 5-week, twice a week protocol used a SAVP (Novaplate Fitness Evolution®, Brazil), following
a previous publication [5]. In these platforms mechanical vibrations are generated. Mechanical
vibrations are physical agents with oscillatory, sinusoidal, and deterministic movements around an
equilibrium point [25,32,33]. The individual was seated in a chair with a bare foot on the base of the
SAVP, with knee flexion and the hands resting on the knees (Figure 1). The biomechanical parameters
of the mechanical vibration used in this protocol were peak-to-peak displacement (D) with 2.5, 5.0, and
7.5 mm, peak acceleration from 0.12 up to 2.95× g. and a working time of 3 min interspersed by a 1 min
rest. This sequence was applied three times. The frequency varied from 5 Hz (in the first day) to 14 Hz
(in the last day), increasing by 1 Hz per session. This protocol followed a previous publication [5].
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Figure 1. Position of the individual in the auxiliary chair with their feet on the SAVP.

2.6. Auricular Intervention

The auricular points were chosen according to AT principles [12,14,16,17]. The Shenmen point
is an analgesic point, the Knee joint point is the corresponding point, and the kidney has a function
related to the bones and lower limbs. The knee joint is located at the superior crus of the antihelix, at
the same level of the superior border of the inferior crus of the antihelix. The Shenmen is located at the
bifurcation of the crura of the antihelix. The kidney lies in the upper part of the cymba conchae at the
superior portion of the acupuncture point of the small intestine [14,15,34].

Adhesive tapes with two mustard (Semen vaccariae) seeds (Figure 2A up) were placed in both ears
in referred points (Figure 2A down). The control groups had the seedless (Figure 2B up) tape placed in
the lobes of both ears (Figure 2B down).
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The participants were instructed to use the fingers to press the adhesive tapes for 10 min, three
times per day (six days), and to remove the adhesive tapes on the seventh day, before returning to the
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laboratory. This procedure was done for five weeks. Before the placement of the adhesive tapes, local
visual inspection and local asepsis with alcohol at 70% were performed. Figure 3 shows the steps of
the interventions using adhesive tapes in the ears of the participants.Appl. Sci. 2019, 9, x FOR PEER REVIEW 5 of 13 
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AT associated.

3. Primary Outcome Measures

The evaluations of anterior trunk flexion (ATF), the International Knee Documentation Committee
(IKDC), and short physical performance battery (SPPB) tests were performed longitudinally, as
described in the next paragraphs of the methodology.

3.1. Anterior Trunk Flexion (ATF)

The individuals of the all groups performed the ATF, as shown in Figure 4. To measure flexibility,
the individual was asked to perform an anterior trunk flexion with the lower limbs extended and with
the head relaxed at the maximum flexion. The difference (∆ ATF) between the measurements before
and after the first session (acute effect of the first session) and before and after the last session (acute
effect of the last session) were considered. The difference (∆ ATF) between the measurements before
the first session and after last session (cumulative effect) were also considered [33].

3.2. International Knee Documentation Committee

The International Knee Documentation Committee created a subjective from which was validated
in Brazil [35] attached as a Supplementary Document to this work. It contains 18 items/questions to
verify symptoms, function, and sports activities of the knee joint. The lower patient’s score was related
to the lower function and the intensity of the symptoms [29]. For the score of the IKDC, “0” represents
the highest level of symptoms and “10” represents the lowest level of symptoms [29]. This tool was
applied before the first session and after the last session (cumulative effect).
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3.3. Short Physical Performance Battery (SPPB)

The SPPB was validated in Brazil and it consists of three tests [30,32]: (a) Balance test: The
individual was asked to stay in an appropriated posture for 10 s in three different positions (feet
together, semi-tandem, and tandem); (b) walking time test: The individual was asked to walk two
times for 3 m (marked on the floor) and it was timed, and the shortest time between the two was
considered; (c) five times sit-to-stand test: The individual was asked to get up and sit on the chair 5
times, with the arms crossed on the chest, as fast as possible (timed). This tool was applied before the
first session and after the last session (cumulative effect).

4. Statistical Analysis

The Shapiro–Wilk test was used to verify the normality of the data. The differences between
the intra-groups was analyzed using the Wilcoxon rank test. The comparisons between the findings
of the intervention group and the respective control group was carried out with the Mann–Whitney
test. Kruskal Wallis and student Newman–Keuls tests were used to compare the anthropometric
characteristics of all the groups. The value used was p ≤ 0.05 as the significant. The software used was
BioEstat 5.3.

5. Results

The enrollment of the participants in the study is shown in the Figure 5 in the flow diagram.
Individuals (n = 222) were recruited and 102 were eliminated from the work (due to exclusion criteria
or economic conditions or because the individual gave up). Consequently, 120 individuals (106 women
and 14 men) participated in this study. They were allocated in the AT group (GAT), the WBV group
(GWBV), and the group with the association of interventions (GWBV + AT) and their respective controls
(CGAT, CGWBV, and CGWBV + AT). The number of individuals that performed the evaluations (ATF,
IKDC, and SPPB) is also indicated.

Statistical analyses of some anthropometric parameters (age, stature, and body mass) of the
individuals in the various groups was performed. Although only three anthropometric characteristics
were considered, the results in Table 1 indicate no difference among the groups (p > 0.05). This finding
shows a homogeneity among the groups.
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Table 1. Anthropometric characteristics of the individuals included in the work.

Groups Age (Year) (Md ± SD) Stature (m) (Md ± SD) Body Mass (kg)
(Md ± SD)

CGAT 63.00 ± 7.00 1.60 ± 0.08 85.67 ± 14.98
GAT 64.00 ± 7.00 1.59 ± 0.09 84.58 ± 14.90

CGWBV 66.00 ± 12.00 1.57 ± 0.07 84.50 ± 13.38
GWBV 67.00 ± 10.00 1.57 ± 0.05 84.59 ± 14.15

CGWBV + AT 65.00 ± 7.00 1.55 ± 0.04 84.96 ± 14.59
GWBV + AT 65.00 ± 8.00 1.55 ± 0.08 85.49 ± 14.36

p-value 0.852 0.310 0.999

Media (Md), standard deviation (SD), meter (m), kilogram (kg), control group auriculotherapy group (CGAT),
auriculotherapy group (GAT), control whole-body vibration group (CGWBV), whole-body vibration group (GWBV),
control whole-body vibration group and auriculotherapy (CGWBV + AT), whole-body vibration group and
auriculotherapy (GWBV + AT), Kruskal Wallis and student Newman–Keuls tests, level of significance p ≤ 0.05.

The ∆ ATF was calculated considering the measurements before and after the first session (acute
effect of the first session), and significant improvements were observed in the groups GWBV (p = 0.03)
and GWBV + AT (p = 0.04) (Figure 6A).

The ∆ ATF was calculated considering the measurements before and after the last session, and
there were no significant changes (acute effect) (Figure 6B).

The ∆ ATF was calculated considering the measurements before the first session and after the last
session (cumulative effect), and significant improvements were observed in the groups GWBV (p =

0.02) and GWBV + AT (p = 0.01) (Figure 6C).
The findings concerning the IKDC (for all groups) are presented in Table 2. The analysis of the

results shows no significant changes (p > 0.05) among all the groups and respective controls.
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Table 3. The data concerning the short physical performance battery (SPPB) overall score. 

Figure 6. The findings concerning the anterior trunk flexion (ATF) test of all groups. Control
auriculotherapy group (CGAT), auriculotherapy group (GAT), control whole-body vibration
group (CGWBV), whole-body vibration group (GWBV), control whole-body vibration group and
auriculotherapy (CGWBV + AT), whole-body vibration group and auriculotherapy (GWBV + AT). (A)
The acute effect of the first session. GWBV (p = 0.03) and GWBV + AT (p = 0.04). (B) The acute effect of
the last session. (C) The cumulative effect. GWBV (p = 0.02) and GWBV + AT (p = 0.01).

Table 2. The data concerning the International Knee Documentation Committee score.

Control Intervention

Before After Before After

Md ± SD Md ± SD p-value* Md ± SD Md ± SD p-value*
/100 /100 /100 /100

GAT 24.68 ± 9.85 27.58 ± 9.71 0.098 33.59 ± 16.84 35.91 ± 17.70 0.37
GWBV 28.87 ± 13.69 34.19 ± 11.45 0.299 31.55 ± 13.21 33.79 ± 9.07 0.43

GWBV + AT 27.07 ± 7.86 30.26 ± 8.42 0.059 31.03 ± 11.85 34.49 ± 14.67 0.14

Media, (Md) standard deviation (SD), auriculotherapy group (GAT), whole-body vibration group (GWBV),
whole-body vibration group and auriculotherapy (GWBV + AT), p-value, level of significance p ≤ 0.05*.

The findings concerning the overall score of SPPB involving all groups are presented in the
Table 3. Significant changes (p ≤ 0.05) were observed in the individuals of the GWBV and GWBV + AT
groups (the cumulative effect). No significant changes (p > 0.05) were verified in the GAT and in the
control groups.

Table 3. The data concerning the short physical performance battery (SPPB) overall score.

Control Intervention

Before After Before After

Med ± IQR Med ± IQR p-value* Med ± IQR Med ± IQR p-value*
(score) (score) (score) (score)

GAT 7.00 ± 1.75 7.00 ± 2.00 0.529 7.00 ± 3.75 7.50 ± 2.00 0.29
GWBV 7.00 ± 2.00 7.00 ± 7.00 0.798 7.00 ± 2.00 8.00 ± 2.00 0.01*

GWBV + AT 7.00 ± 4.00 7.00 ± 3.00 0.834 7.00 ± 1.50 8.50 ± 1.75 0.03

Median (Med), interquartile range (IQR), auriculotherapy group (GAT), whole-body vibration group (GWBV),
whole-body vibration group and auriculotherapy (GWBV + AT), p-value, level of significance p ≤ 0.05*.

6. Discussion

As hypothesized, the current work has demonstrated that WBV alone, or in association with AT,
improves the functionality of KOA individuals, considering the ATF and overall score of the SPPB.
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However, these improvements were not associated with the responses in the IKDC score. A suggestion
might be associated with a subjective approach of the IKDC.

Costa et al. (2014) [23] described, in a systematic review, the different treatments used on the
management of the individuals with osteoarthritis and the importance of the WBV exercise as a
modality of exercise in this context. Moreover, Ferreira et al. (2018) [3] pointed out that there are
several non-pharmacological and non-surgical interventions, including WBV and acupuncture, for
the management of KOA individuals. Suen et al. (2016) [13] showed the effect of the AT with
and without magnetotherapy in KOA individuals and observed improvements in their functionality.
Costa-Cavalcanti and colleagues [36] evaluated the effect of auriculotherapy on biochemical parameters
during 5 weeks, once a week. The study showed a significant reduction in direct bilirubin, aspartate
aminotransferase, and triglycerides.

Considering the ATF, significant changes (improvements) were observed with the intervention
of WBV alone or with the AT (acute and cumulative effect) (Figure 6A,C). In the acute effect of the
last session, alterations were not found in the ATF, likely because the individuals had already reached
the maximum of answers for the stimulus in the previous sessions (Figure 6B). These findings are
in agreement with Sá-Caputo and colleagues [25,33], who showed improvements in the flexibility
after the WBV exercise protocol in individuals with metabolic syndrome. Neto and colleagues [5]
reported a significant decrease of the level of pain in the KOA individuals treated with WBV alone
and with a combined intervention (WBV and AT). In addition, Moreira-Marconi and colleagues [37]
reported that WBV alone, and with a combined intervention with AT, improved handgrip strength in
cumulative response. These responses [25,33] could favor the findings presented in Figure 6A,B related
to the ATF. The absence of the effect of the interventions in the acute effect of the last session could
be associated with the adaptation phenomenon to the stimulus [38] and/or genetic characteristics of
the individuals to the response to the stimulus [39]. These facts could justify the uncertainty of the
findings of Figure 6B with elevated standard deviations of the measurements.

Using the protocol of the current study, for five weeks, once (AT) or twice (AT and WBV or only
WBV) per week, no difference was observed in any group using the IKDC score (Table 2). Park and
colleagues [40] described improvements related with the use of the Korean Western Ontario McMaster
score (KWOMAC) in KOA individuals, who performed the WBV exercise for 8 weeks, three times
per week. These differences could be associated with the protocol used in this study (five weeks/once
or twice a week) whereas in the other study [40] the intervention was 8 weeks/three times a week.
Moreover, there is a difference in the qualitative tools used in the evaluation, IKDC and KWOMAC.

Concerning the functionality (considering the SPPB) of the KOA individuals, in the cumulative
effects, an improvement was found in the interventions with WBV alone and WBV and AT (Table 3).
This finding is in agreement with Trans et al. (2009) [41] in a protocol of the WBV exercise twice
a week for 8 weeks, with a progressive increase intensity (frequencies among 25–30 Hz), which
performed unloaded static WBV exercise. They concluded that WBV is a safe method for rehabilitation
of women with KOA, increasing the muscle strength. Wang et al., 2016 [42] showed improvements in
the symptoms, physical function, and spatiotemporal parameters with a protocol of the WBV exercise
using a frequency of 35 Hz and peak-to-peak displacement of 4–6 mm for 5 days a week for 12 weeks in
a vertical VP. Avelar et al. (2011) [31] described that the addition of the WBV exercise to squat training
failed to result in a significant improvement in functional performance and self-reported status of
knee osteoarthritis in the elderly. However, the intragroup results suggest that the WBV exercise may
present a feasible and effective way of improving the functionality and self-perception of the disease
status in older adults with KOA. They used frequencies from 25–40 Hz and peak-to-peak displacement
of 4 mm for 12 weeks in a vertical VP. The improvement observed on the functional performance
could be associated with muscle stimulation due to exposition to mechanical vibration in the WBV
exercise. Paineiras-Domingos et al. (2018) [32] found significant responses in the improvement of the
functionality of Metabolic Sindrome individuals that performed WBV exercises, analyzing the overall
score of the SPPB and the three tests (balance test, the gait speed, and the five chair stand test).
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In the current study, an alternative unusual position of the patient was used, compared to other
studies [5,41,42], involving the WBV exercise in KOA individuals. The selection of this position (seated
in a chair, barefoot, on the basis of the SAVP) is related to reduction of the load and the impact in the
knee joint so as to make these individuals able to practice the exercise [5].

An important finding of this investigation was the absence of any undesirable effect due to the
interventions, either isolated (WBV or AT) or combined (WBV and AT). These considerations reinforce
the relevance of these procedures, as useful, safe, and feasible. Moreover, they are inexpensive.

This study had some limitations and can be improved, such as the total time (5 weeks) of the
protocol of the WBV exercise. The elevated ratio between females and males in the groups was also
a limitation. Only three anthropometric characteristics of the participants were evaluated. Another
limitation was that no specific tool was used to evaluate the level of physical activity of the KOA
individuals. Concerning the AT interventions, only three points of the ear were stimulated. In addition,
temporal analysis of the responses in the various sessions was not done. These considerations could
help to guide future experimental designs.

7. Conclusions

In spite of the limitations, it is still possible to conclude that the WBV alone or associated with AT
might induce physiological responses that favour the improvement of the flexibility with the evaluation
of anterior flexibility of the trunk and the functionality (SPPB—overall score) of the KOA individuals.
Moreover, the absence of effects of these interventions in the acute response of the last session could
be associated with possible adaptation and/or genetic characteristics of the studied population. In
consequence, a temporal analysis of these responses in the various sessions and the addition of other
quantitative parameters in the protocols are ongoing.
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