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ORIGINAL ARTICLE

Efficacy of Combining Whole-body Vibration Training and
Closed Kinetic Chain Exercises in Early Knee
Osteoarthritis: A Preliminary Study

Naoki Deguchi, RPT, PhD ? Takumi Manabe, RPT P Shinsaku Somekawa, RPT, MS ¢
Kota Hasuo, RPT P Ryoichi Oshibuchi, RPT P Hideki Nohara, RPT ? Hirofumi Hanada, MD, PhD ¢

and Akira Fujiwara, MD, PhD ¢

Objectives: We aimed to conduct a preliminary evaluation of the effectiveness of integrating
whole-body vibration training (WBVT) into conventional closed kinetic chain (CKC) exercises as
an intervention strategy for early knee osteoarthritis (KOA). Methods: This non-randomized com-
parative study conducted at an orthopedic clinic involved 53 patients (with Kellgren—Lawrence
grades 1-2); 37 patients received only physical therapy (CKC group), and 16 patients received
both physical therapy and WBVT (WBVT group). The primary outcome was the Western On-
tario and McMaster Universities Osteoarthritis Index (WOMAC) subscale score for pain, and the
secondary outcomes were the WOMAC subscale score for physical function and muscle-strength
assessments [isometric knee extension strength and the 30-second chair-stand test (CS-30) score].
Propensity score matching (PSM) was used to adjust for bias between the control and interven-
tion groups. Results: After PSM adjustment, 13 patients were selected from each group. The
WBVT group showed a significant improvement in the WOMAC pain score (d=1.16, P=0.007)
and a significant increase in the CS-30 score (d=0.81, P=0.049). However, for the WOMAC
physical function score, the between-group difference remained statistically insignificant (d=0.59,
P=0.146). Conclusions: WBVT may be effective in reducing the pain of early KOA. WBVT is
a non-invasive and convenient method, underscoring its potential as a novel therapeutic option.
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INTRODUCTION

Knee osteoarthritis (KOA) is characterized by pain and
worsening symptoms that affect activities of daily living as
the disease progresses.” The American College of Rheuma-
tology (ACR) classification defines the pathological progres-
sion of KOA.? Patients with stage 3 or higher disease often
exhibit severe structural joint damage® and demonstrate
limited treatment efficacy.” As a result, there is a general

consensus to prioritize early diagnosis and treatment, with a
significant focus on addressing early KOA.>~7)

Early KOA is characterized by the absence of any evidence
of joint space narrowing on plain radiographs but marked
by structural changes in the articular cartilage, subchondral
bone, meniscus, and synovial membrane, along with a con-
sistent level of pain and other symptoms.”) Pain progression
in patients with early KOA may indicate the potential need
for knee replacement surgery.®) Early diagnosis of KOA may
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contribute to delayed disease progression and improved
patient outcomes. Interventions targeting early KOA pain
may effectively prevent disease progression and improve the
quality of life of patients with KOA.

Low-frequency whole-body vibration training (WBVT) is
effective in reducing pain, improving physical function, and
increasing knee extensor strength in patients with KOA.>'0
Wang et al.') showed that low-frequency WBVT reduced
the expression of inflammatory cytokines in an early KOA
mouse model. These findings suggest that low-frequency
WBVT may reduce early KOA pain. However, the efficacy
of low-frequency WBVT for pain reduction, particularly in
early KOA, remains unknown.'?

In KOA rehabilitation, closed kinetic chain (CKC) exercis-
es are utilized extensively, with numerous studies underscor-
ing their advantages.'? However, despite a lack of evidence
of adverse effects of CKC exercises in early KOA, concerns
remain regarding their implementation.'¥ Consequently,
CKC exercises may be both low risk and advantageous for
carly KOA.

This study aimed to assess the efficacy of CKC exercises
on pain when combined with low-frequency WBVT com-
pared with the use of CKC exercises alone. We hypothesized
that treatment using CKC exercises and WBVT would yield
greater pain improvement than the use of CKC exercises
alone.

MATERIALS AND METHODS

Design and Setting

The study was an open-label, 12-week, non-randomized,
controlled trial with two cohorts, comprising a total of 55
men and women who met the diagnostic criteria for early
KOA at a single orthopedic clinic. The first cohort included
39 control participants who underwent non-WBVT (CKC
group) between March 2018 and August 2019. The second
cohort consisted of 16 participants in the intervention group
(WBVT group) who underwent CKC combined with WBVT
between August and December 2020.

All participants provided written informed consent
prior to participation. This study was approved by the Eth-
ics Committee of the Fukuoka Reha Orthopedic Clinic in
Japan (number FRH2020-R-008), and it was registered in the
University Hospital Medical Information Network Clinical
Trials Registry (study ID: UMIN000043253).

Participants
This study included men and women aged 40 years and

older diagnosed with early KOA. The diagnosis of early
KOA, as described by Mahmoudian et al.,”>) was determined
based on the Kellgren—-Lawrence (KL) grading system
(grade 0, 1, or 2) according to the ACR criteria on radiograph
analysis. To confirm the diagnosis, patients were required to
report experiences of at least two episodes of knee pain, each
lasting more than 10 days, within the previous year.

The following data were provided for all participants: (1)
articular cartilage morphology score, (2) meniscal tear grade,
and (3) bone marrow lesion size on magnetic resonance
imaging. Patients were excluded based on the following
criteria: (1) inability to provide consent to participate in the
study; (2) traumatic pain and history of lower limb surgery;
(3) a diagnosis of rheumatoid arthritis; (4) history of fracture
or malignancy in the lower limb; (5) inability to attend the
clinic alone; (6) psychiatric illness such as schizophrenia; (7)
presence of neurological findings such as Parkinson’s disease
or stroke; (8) inability to provide information on articular
cartilage morphology score, meniscal tear grade, and bone
marrow lesion size on magnetic resonance imaging; (9) doc-
tor’s order to drop out during the study; or (10) an interven-
tion frequency of less than once a week.

Interventions

The duration of intervention in both groups was 40 min
(two or three times per week). Physical therapists conducted
an initial assessment according to a physical therapy (PT)
intervention protocol,'” which included history-taking and
physical examination. The therapists identified issues related
to symptoms and musculoskeletal function impairments, and
imaging findings were assessed. Although the protocol was
based on interventions that focused on the knee joint, the
physical therapist also implemented joint mobilization ex-
ercises, manual therapy, and exercise therapy interventions
for the hip, lumbar spine, and ankle joints when evaluation
indicated that KOA symptoms contributed to symptoms
and movement limitations in other joints. The following PT
interventions were common to all participants: patient edu-
cation and joint mobilization training, manual therapy, and
exercise therapy focusing on the knee joint. Patient education
was provided on KOA symptoms, exercise benefits, and the
importance of self-management. Exercise therapy focused
on the knee joint, encompassing both open kinetic chain
(OKC) and closed kinetic chain (CKC) exercises for muscle
strengthening. OKC exercises included (1) patella setting,
(2) active straight leg raises, and (3) leg extensions, whereas
CKC exercises comprised (1) squats, (2) split squats, and (3)
lunges. Initially, patellar setting and squat exercises were ini-
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Table 1. Whole-body vibration training protocol

Week  Frequency (Hz) Duration (s)

Number of sets Rest interval (s)

1 25 30
2 25 30
3 25 30
4 25 30
5 25 30
6 25 30
7 30 45
8 30 45
9 30 45
10 30 45
11 30 45

(o)

30
30
30
30
30
30
45
45
30
30
30

0 0 0 OO0 0 0 0 0 3 N

tiated at 10 repetitions for three sets. Subsequently, based on
knee pain, muscle strength, and current condition, exercises
progressed from type (1) to types (2) and (3), with repeti-
tions and frequency gradually increasing within the range of
10-20 repetitions and three to five sets. Aerobic exercise was
performed on a stationary bike ergometer for 10—15 min at
moderate intensity (Borg scale 11-13), considering appropri-
ate load and pain-free range.

WBVT in the WBVT group was performed after PT ses-
sions. The WBVT program was introduced as an alternative
to the CKC exercises that had been conducted in the CKC
group. The WBVT group underwent WBVT during exer-
cise therapy sessions, specifically during squat exercises as
mentioned earlier. The WBVT device used in this study was
the Power Plate® Pro5STM (Performance Health Systems,
Northbrook, IL, USA). The research protocol used WBVT
conditions that were within the conditions reported to be
potentially hazardous to the human body (30 Hz, 4.0 mm,
10 min/day).'® Therefore, the program was based on a low-
frequency protocol of 10-30 Hz in accordance with previous
studies.!-17:18)

During the first session, interventions were performed
at a frequency of 25 Hz for 30 s, followed by a 30-s rest
period. This process was repeated for five additional sets.
The number of sets increased to seven and eight starting on
weeks 3 and 4, respectively. From week 7, the sessions were
performed at a frequency of 30 Hz over 45 s, with rest inter-
vals of 45 s. However, from week 9, the resting interval was
reversed to 30 s, and this regimen was maintained until week
12 (Table 1). A low amplitude (2—4 mm) was used for all
interventions. Based on previous research,!”) the participants
performed squatting movements during the sessions to pro-
vide 10°-60° of knee flexion, alternating every 3 s between

extension and flexion.

Outcomes

The assessment measurements were conducted at baseline
and 12 weeks post-baseline before the intervention. The pri-
mary outcome was pain, whereas physical function, muscle
strength, and performance were assessed as secondary
outcomes. Baseline demographic data, including age, height,
weight, body mass index (BMI), sex, and KL grade, were
either measured directly or extracted from medical records.

Primary Outcome

The Japanese version of the Western Ontario and McMas-
ter Universities Osteoarthritis Index (WOMAC) was used
for the assessment.'” The WOMAC is a self-administered
scale designed to measure the severity of pain and difficulty
in daily activities associated with KOA. It has three main
sections: right knee pain (5 items), left knee pain (5 items),
and physical function (17 items). Each item is rated on a five-
point Likert scale (1-5 points), with higher scores indicat-
ing more severe pain and functional impairment. The pain
subscale of the WOMAC was used as the primary outcome.

Secondary Outcomes

The physical function subscale of the WOMAC and
muscle strength were used as the secondary outcomes. The
WOMAC pain scale was used to assess the side diagnosed
with early KOA. Muscle strength was assessed by evaluating
isometric knee extension, and functional performance was
assessed with the 30-s chair-stand test (CS-30).

Muscle strength was assessed by using a handheld dy-
namometer (uTas F-1; ANIMA, Tokyo, Japan) to measure
isometric knee extension muscle strength (knee extension) in
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accordance with previous studies.?” The strap length was ad-
justed to ensure that the knee joint was flexed at 90°. During
measurement, the trunk was maintained in an upright posi-
tion with both arms supported by the bed. The participants
performed isometric knee extension twice on the affected
side for approximately 3 s with maximum effort at intervals
exceeding 30 s, and the average of the two measurements
was used for analysis. The obtained values were normalized
to body weight and reported as weight-related isometric knee
extensor strength.

The CS-30 serves as a validated method for assessing
lower limb muscle strength in adults, demonstrating both
reliability and validity in a previous study.’" Initially, par-
ticipants were positioned to sit with their legs shoulder-width
apart, arms crossed over their chest, and knees flexed at an
angle of 100°-110°. At a given signal, the participants were
instructed to stand up to a fully erect position, extend both
the hip and knee joints, and then return to the seated position.
This sequence was continued for 30 s. The measurement was
performed once after a break following five to ten practice
exercises.

Analysis

Propensity score matching (PSM) is recognized as an
effective method for correcting potential bias between the
control and intervention groups.”? This method allows ac-
curate comparisons of treatment effects across cohorts.>?)
In this study, confounding variables, including age, sex,
BMI, analgesic use, and baseline values for each outcome,
were included in a logistic regression model to calculate the
propensity scores. These scores were used to plot a receiver
operating characteristic curve, which showed an area under
the curve (AUC) value of 0.748. This value demonstrated the
appropriateness of the PSM application, which was subse-
quently adopted.

Pre-intervention characteristics and outcomes were de-
scribed as follows: quantitative variables were expressed as
mean and standard deviation, whereas categorical variables
were expressed as number and percentage. An independent
t-test, chi-squared test, or Wilcoxon rank-sum test was used
for comparison between groups, as appropriate. The effect
sizes were calculated using Cohen’s d (assessment criteria:
0.3<small<0.5, 0.5<medium<0.8, and 0.8 <large).

Group differences were represented by the changes in
scores and 95% confidence intervals (Cls) for the pre- and
post-comparisons for each group. The Bonferroni method
within a general linear model framework was employed for
the analysis. Cohen’s d was calculated as the effect size at this

stage. The analyses were conducted using an intention-to-
treat approach. The significance threshold was set at 5% for
all statistical analyses. Analyses were performed using IBM
SPSS Statistics for Windows version 25 (IBM, Armonk, NY,
USA).

RESULTS

After PSM, the PT and WBVT groups included 13 patients
each. No dropouts were reported throughout the interven-
tion phase (Fig. 1). Table 2 compares patient characteristics
and outcomes between the intervention and control cohorts
before the intervention. Most participants were women, and
grade 2 was the most common KL grade. No significant
difference was observed between the two groups for the
number of interventions, analgesic medication status, or pre-
intervention group.

As the primary outcome, the total WOMAC pain scores
of the WBVT group and the CKC group had declined after
treatment. However, the decrement in the WOMAC pain
score for the WBVT group was significantly larger than
the decline in the pain score for the CKC group (difference
between groups: —2.9, 95% CI. —5.0 to —0.9, d=1.16; Table
3). For the secondary outcome, represented by the WOMAC
physical function score, although the decline in the function
score was larger in the WBVT group, the between-group
difference was statistically insignificant (d=0.59, P=0.146;
Table 3). Improvement in knee extension strength showed
no intergroup difference in relation to body weight (d=0.25,
P=0.533). However, the improvement in the CS-30 score was
significantly higher in the WBVT group than in the CKC
group (d=0.81, P=0.049; Table 3).

DISCUSSION

In this study, we evaluated the efficacy of a 12-week
program of low-frequency WBVT in middle-aged and older
adults who met the diagnostic criteria for early KOA. The
WBVT group demonstrated significant improvements in
pain reduction and performance compared with the CKC
group, with no dropouts. In particular, the benefits related to
pain reduction and improved performance test scores were
remarkable.

The innovation of this study lies in demonstrating the ap-
plication of low-frequency WBVT for pain management in
early KOA. WBVT, administered for approximately 6—10
min at a low frequency of 25-30 Hz, was introduced in ad-
dition to CKC exercises. Given that a clinically significant
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39 Patients were assessed for eligibility

16 Patients were assessed for eligibility

2 Were excluded
1 History of lower extremity surgery
1 Significant Bone marrow lesion

0 Were excluded

37 were enrolled

16 were enrolled

37 were assigned to CKC group and underwent
physical therapy
(CKC group)

16 were assigned to WBVT group and
underwent physical therapy and WBVT

(WBVT group)

Propensity score matching

13 were enrolled and underwent therapy

13 were enrolled and underwent therapy

no patients had dropped out after 12 weeks

no patients had dropped out after 12 weeks

13 patients were followed up

13 patients were followed up

Fig. 1. Flowchart of patient recruitment and participation.

Table 2. Baseline descriptive characteristics before and after propensity score matching

Unadjusted Adjusted
Characteristic WBVT group CKC group WBVT group CKC group
(n=16) (n=37) (n=13) (n=13)
Age, years 62.9 +8.1 66.1 = 8.0 0.06 62.9+9.2 64.8 +£8.8 0.60
Sex, female 12 (75) 28 (76) 0.96 10 (52.6) 9 @474) 0.66
BMI, kg/m? 243+ 3.8 234+27 0.36 23.6+3.6 24.0+3.0 0.76
KL grade 0.96 0.66

Grade 0 0 (0) 0 (0) 0 (0) 0 (0)

Grade 1 4 (25) 9(24) 4 (30.8) 3 (23.0)

Grade 2 12 (75) 28 (76) 9(69.2) 10 (77.0)
Interventions 175+ 6.3 18.8 +4.4 0.40 18.5+5.8 18.3+42 0.91
Analgesics use 5@ 12 (32) 0.93 5(38.5) 4 (30.8) 0.68
WOMAC pain 11.7+39 11.8+34 0.89 12.2+43 122+27 0.96
WOMAC function 29.6 + 10.5 31.5+11.8 0.65 306 +11.9 30.6 £13.0 1.00
Knee extension, kgf/kg 0.28 £ 0.08 0.30 +0.13 0.47 0.38 £0.09 0.40 +0.16 0.62
CS-30, repetitions 127+2.1 147+39 0.08 13.0+1.9 13.2+3.7 0.83

Data are given as mean + standard deviation or number (percentage).
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Table 3. Comparison of baseline and follow-up outcomes between groups

Difference in change

Outcome WBVT group (n=13) CKC group (n=13) oimesn mow P Cohen’s d
Primary
WOMAC pain —5.46 (—6.90, —4.02) —2.54 (-3.99, —1.01) —2.92 (-4.96, —0.88) 0.007 1.16
Secondary
WOMAC function —12.1 (-18.1, —6.1) =5.9 (-11.9, 0.1) —6.2 (—14.6, 2.3) 0.146 0.59
Knee extension 0.09 (0.04, 0.15) 0.07 (0.02, 0.12) 0.02 (—0.05, 0.10) 0.533 0.25
CS-30 5.6 (4.2, 7.0) 3.6 (2.2,5.0) 2.0 (0.01, 3.9) 0.049 0.81

Data shown as difference (95% confidence interval).

change in pain on the WOMAC pain scale is 2 points,>¥

the mean difference between the groups (2.92 points) in
this study confirms the efficacy of WBVT. WBVT is a non-
invasive and convenient method, highlighting its potential
as a novel therapeutic option. WBVT may alleviate pain in
early KOA, potentially delaying symptom progression and
contributing to reduced healthcare costs over the long term.

Low-frequency WBVT was particularly effective in reduc-
ing pain, and the effect size in our study exceeded that in
other meta-analyses.'>!) Preliminary studies have shown
that patients with early KOA (KL grades 1 and 2) have
elevated levels of the inflammatory markers associated
with synovitis when compared with those in patients with
advanced-stage osteoarthritis.»>*) Inflammatory cytokines
have been suggested to be the predominant etiological fac-
tors for pain in the early stages of KOA. WBVT has been
empirically shown to have pronounced efficacy against these
inflammatory cytokines.?® Therefore, WBVT appears to
align with the pathological framework of early KOA, sug-
gesting its potential therapeutic impact.

In this study, the between-group difference in WOMAC
physical function score was not significant. Participants had
an average WOMAC physical function score of 30, indicat-
ing relatively mild impairment. In addition, CKC exercises
have been shown to significantly improve physical function.
Therefore, improvements in physical function were expected
regardless of the use of WBVT. Consequently, the character-
istics of the participants with early KOA and the effective-
ness of the CKC exercises likely minimized the difference in
the WOMAC physical function scores between the treatment
groups, rendering the between-group differences statistically
insignificant.

Our results also demonstrated that WBVT influenced the
CS-30 scores but not knee extension. WBVT has demon-
strated efficacy as an intervention to improve sit-to-stand
performance and knee extension in older adults.”” However,

the effectiveness of WBVT on knee extension in patients with
early KOA was not demonstrated in our study, highlighting
the specific effects of WBVT in early KOA.

According to previous meta-analyses, the effects of WBVT
on muscle strength appear to be limited to high-frequency
applications.!? Evidence has suggested that WBVT at 30 Hz
does not elicit a distinct modulation in the electromyographic
signatures of the medial and lateral vastus muscles in pa-
tients with KOA when compared with conventional resistive
training modalities.’® Therefore, the frequency used in our
protocol may have been unsuitable for eliciting improve-
ments in knee extension.

Although this study provides insights into the potential
benefits of combining PT and WBVT for early KOA, the
study has some limitations. First, previous studies have not
demonstrated the efficacy of WBVT as a stand-alone inter-
vention as compared with exercise alone in reducing pain
over an 8-week period of managing early KOA.?”) Therefore,
to elucidate the adjunctive benefits of WBVT in conjunction
with CKC versus CKC alone, an evaluation at the 8-week
post-intervention point is imperative. Furthermore, within
the PT cohort, WBVT was replaced with a 10-min CKC
exercise program. Given these considerations, researchers
should exercise caution in interpreting the results favoring
the combined use of PT and WBVT over PT alone. Second,
being a non-randomized comparative study, this study is
susceptible to the effects of unobserved or unmeasured
confounding factors. Third, the nature of the intervention
precluded blinding of the participants or the intervention,
and non-blinded designs can potentially overestimate effect
sizes.’?) Therefore, it is possible that the effect size observed
in this study was overestimated. Fourth, the sample size was
small, and majority of the respondents were women, intro-
ducing a potential gender bias in the results. Furthermore,
the use of PSM may not have accounted for all confounding
factors, potentially introducing bias. Fifth, the Japanese ver-
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sion of the WOMAC is currently used in a variety of diseases
but has only been validated in total knee arthroplasty; direct
validation in patients with KOA is expected but not yet con-
firmed.

CONCLUSION

The findings of this study suggest that WBVT may serve as
an effective therapeutic strategy to reduce pain and improve
function in patients with early KOA. Randomized controlled
trials are required to elucidate the efficacy of therapeutic
interventions for early KOA.

ACKNOWLEDGMENTS

This work was supported by a Grant-in-Aid for Scientific
Research (23K16598) from the Japan Society for the Pro-
motion of Science. The authors thank Editage for English
language editing of a draft version of this manuscript.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1. Hunter DJ, March L, Chew M: Osteoarthritis in
2020 and beyond: a Lancet commission. Lancet
2020;396:1711-1712. https://doi.org/10.1016/S0140-
6736(20)32230-3, PMID:33159851

2. Altman R, Asch E, Bloch D, Bole G, Borenstein
D, Brandt K, Christy W, Cooke TD, Greenwald R,
Hochberg M, Howell D, Kaplan D, Koopman W,
Longley S III, Mankin H, McShane DJ, Medsger T Jr,
Meenan R, Mikkelsen W, Moskowitz R, Murphy W,
Rothschild B, Segal M, Sokoloff L, Wolfe F, Diagnostic
and Therapeutic Criteria Committee of the American
Rheumatism Association: Development of criteria
for the classification and reporting of osteoarthritis:
classification of osteoarthritis of the knee. Arthritis
Rheum 1986;29:1039-1049. https://doi.org/10.1002/
art.1780290816, PMID:3741515

3. Benito MJ, Veale DJ, Fitzgerald O, van den Berg WB,
Bresnihan B: Synovial tissue inflammation in early
and late osteoarthritis. Ann Rheum Dis 2005;64:1263—
1267. https://doi.org/10.1136/ard.2004.025270,
PMID:15731292

10.

11.

Buttgereit F, Burmester GR, Bijlsma JW: Non-
surgical management of knee osteoarthritis: where
are we now and where do we need to go? RMD
Open 2015;1:¢000027. https://doi.org/10.1136/rmdo-
pen-2014-000027, PMID:26509057

Mahmoudian A, Lohmander LS, Mobasheri A,
Englund M, Luyten FP: Early-stage symptomatic
osteoarthritis of the knee—time for action. Nat Rev
Rheumatol 2021;17:621-632. https://doi.org/10.1038/
$41584-021-00673-4, PMID:34465902

Luyten FP, Bierma-Zeinstra S, Dell’Accio F, Kraus
VB, Nakata K, Sekiya I, Arden NK, Lohmander LS:
Toward classification criteria for early osteoarthritis
of the knee. Semin Arthritis Rheum 2018;47:457-463.
https://doi.org/10.1016/j.semarthrit.2017.08.006,
PMID:28917712

Luyten FP, Denti M, Filardo G, Kon E, Engebretsen
L: Definition and classification of early osteoarthritis
of the knee. Knee Surg Sports Traumatol Arthrosc
2012;20:401-406. https://doi.org/10.1007/s00167-011-
1743-2, PMID:22068268

Roemer FW, Kwoh CK, Fujii T, Hannon MJ, Boudreau
RM, Hunter DJ, Eckstein F, John MR, Guermazi A:
From early radiographic knee osteoarthritis to joint
arthroplasty: determinants of structural progres-
sion and symptoms. Arthritis Care Res (Hoboken)
2018;70:1778—-1786.  https://doi.org/10.1002/acr.23545,
PMID:29438603

Qiu CG, Chui CS, Chow SK, Cheung WH, Wong
RM: Effects of whole-body vibration therapy on
knee osteoarthritis: a systematic review and meta-
analysis of randomized controlled trials. J Rehabil
Med 2022;54:jrm00266. https://doi.org/10.2340/jrm.
v54.2032, PMID:35174868

Wang P, Yang X, Yang Y, Yang L, Zhou Y, Liu C,
Reinhardt JD, He C: Effects of whole body vibration on
pain, stiffness and physical functions in patients with
knee osteoarthritis: a systematic review and meta-
analysis. Clin Rehabil 2015;29:939-951. https:/doi.
org/10.1177/0269215514564895, PMID:25525066
Wang L, Wang Z, Liu Q, Su J, Wang T, Li T: Effect
of whole body vibration on HIF-2a expression in SD
rats with early knee osteoarthritis. ] Bone Miner Metab
2020;38:491-500. https://doi.org/10.1007/s00774-020-
01092-3, PMID:32146507

Copyright © 2024 The Japanese Association of Rehabilitation Medicine


https://doi.org/10.1016/S0140-6736(20)32230-3
https://doi.org/10.1016/S0140-6736(20)32230-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33159851?dopt=Abstract
https://doi.org/10.1002/art.1780290816
https://doi.org/10.1002/art.1780290816
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3741515?dopt=Abstract
https://doi.org/10.1136/ard.2004.025270
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15731292?dopt=Abstract
https://doi.org/10.1136/rmdopen-2014-000027
https://doi.org/10.1136/rmdopen-2014-000027
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26509057?dopt=Abstract
https://doi.org/10.1038/s41584-021-00673-4
https://doi.org/10.1038/s41584-021-00673-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34465902?dopt=Abstract
https://doi.org/10.1016/j.semarthrit.2017.08.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28917712?dopt=Abstract
https://doi.org/10.1007/s00167-011-1743-2
https://doi.org/10.1007/s00167-011-1743-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22068268?dopt=Abstract
https://doi.org/10.1002/acr.23545
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29438603?dopt=Abstract
https://doi.org/10.2340/jrm.v54.2032
https://doi.org/10.2340/jrm.v54.2032
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35174868?dopt=Abstract
https://doi.org/10.1177/0269215514564895
https://doi.org/10.1177/0269215514564895
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25525066?dopt=Abstract
https://doi.org/10.1007/s00774-020-01092-3
https://doi.org/10.1007/s00774-020-01092-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32146507?dopt=Abstract

Deguchi, N, et al: Combining WBVT and CKC for Early Knee Osteoarthritis

12.

13

14

15.

16.

17.

18.

Letizia Mauro G, Scaturro D, Gimigliano F, Paoletta
M, Liguori S, Toro G, lolascon G, Moretti A: Physi-
cal agent modalities in early osteoarthritis: a scoping
review. Medicina (Kaunas) 2021;57:1165. https://doi.
org/10.3390/medicina57111165, PMID:34833383
. Ahmed F, Hossain KM, Islam MS, Hassan MN, Nahid
ZB, Uddin MK, Islam MW, Haque MO: The effects
of closed kinetic chain exercise on pain and physical
function in patients with knee osteoarthritis: a narra-
tive review. Bull Fac Phys Ther 2023;28:48. https://doi.
org/10.1186/s43161-023-00161-8
. Alkhazim Alghamdi MA, Olney S, Costigan P: Exer-
cise treatment for osteoarthritis disability. Ann Saudi
Med 2004;24:326-331. https://doi.org/10.5144/0256-
4947.2004.326, PMID:15573841
Deyle GD, Gill NW, Rhon DI, Allen CS, Allison SC,
Hando BR, Petersen EJ, Dusenberry DI, Bellamy N: A
multicenter randomised, 1-year comparative effective-
ness, parallel-group trial protocol of a physical therapy
approach compared to corticosteroid injection on pain
and function related to knee osteoarthritis (PTA Trial).
BMJ Open 2016;6:¢010528. https://doi.org/10.1136/
bmjopen-2015-010528, PMID:27033961
Abercromby AF, Amonette W, Layne CS, McFarlin
BK, Hinman MR, Paloski WH: Vibration exposure
and biodynamic responses during whole-body vibra-
tion training. Med Sci Sports Exerc 2007;39:1794—
1800.  https://doi.org/10.1249/mss.0b013e3181238a0f,
PMID:17909407
Avelar NC, Simao AP, Tossige-Gomes R, Neves CD,
Rocha-Vieira E, Coimbra CC, Lacerda AC: The effect
of adding whole-body vibration to squat training on
the functional performance and self-report of disease
status in elderly patients with knee osteoarthritis: a
randomized, controlled clinical study. J Altern Comple-
ment Med 2011;17:1149—-1155. https://doi.org/10.1089/
acm.2010.0782, PMID:22087576
Bokaeian HR, Bakhtiary AH, Mirmohammadkhani
M, Moghimi J: The effect of adding whole body
vibration training to strengthening training in the
treatment of knee osteoarthritis: a randomized clinical
trial. J Bodyw Mov Ther 2016;20:334-340. https://doi.
org/10.1016/j.jbmt.2015.08.005, PMID:27210851

19.

20.

21.

22.

23.

24,

25.

26.

Hashimoto H, Hanyu T, Sledge CB, Lingard EA:
Validation of a Japanese patient-derived outcome scale
for assessing total knee arthroplasty: comparison with
Western Ontario and McMaster Universities osteo-
arthritis index (WOMAC). J Orthop Sci 2003;8:288—
293. https://doi.org/10.1007/s10776-002-0629-0,
PMID:12768467

Bohannon RW, Bubela DJ, Wang YC, Magasi SR, Ger-
shon RC: Adequacy of belt-stabilized testing of knee
extension strength. J Strength Cond Res 2011;25:1963—
1967.  https://doi.org/10.1519/JSC.0b013e3181e4f5ce,
PMID:21399535

Jones CJ, Rikli RE, Beam WC: A 30-s chair-stand test
as a measure of lower body strength in community-
residing older adults. Res Q Exerc Sport 1999;70:113—
119.  https://doi.org/10.1080/02701367.1999.10608028,
PMID:10380242

Rosenbaum PR, Rubin DB: Reducing bias in observa-
tional studies using subclassification on the propensity
score. J Am Stat Assoc 1983;12:516-524.

Austin PC: An introduction to propensity score
methods for reducing the effects of confounding
in observational studies. Multivariate Behav Res
2011;46:399—-424. https://doi.org/10.1080/00273171.201
1.568786, PMID:21818162

Dougados M, Leclaire P, van der Heijde D, Bloch DA,
Bellamy N, Altman RD: Response criteria for clinical
trials on osteoarthritis of the knee and hip: areport of the
Osteoarthritis Research Society International Standing
Committee for Clinical Trials response criteria initia-
tive. Osteoarthritis Cartilage 2000;8:395—-403. https://
doi.org/10.1053/joca.2000.0361, PMID:11069723

Ning L, Ishijima M, Kaneko H, Kurihara H, Arikawa-
Hirasawa E, Kubota M, Liu L, Xu Z, Futami I, Yu-
sup A, Miyahara K, Xu S, Kancko K, Kurosawa H:
Correlations between both the expression levels of
inflammatory mediators and growth factor in medial
perimeniscal synovial tissue and the severity of medial
knee osteoarthritis. Int Orthop 2011;35:831-838. https://
doi.org/10.1007/s00264-010-1045-1, PMID:20517696
Moreira-Marconi E, Teixeira-Silva Y, de Meirelles
AG, Melo-Oliveira MES, Santos ACG, Reis-Silva
A, Paineiras-Domingos LL, Seixas A, Dionello CF,
Sa-Caputo DC, Bernardo-Filho M: Inflammatory bio-
marker responses to whole-body vibration in subjects
with different clinical status: a systematic review. Int
J Environ Res Public Health 2022;19:14853. https://doi.
org/10.3390/ijerph192214853, PMID:36429572

Copyright © 2024 The Japanese Association of Rehabilitation Medicine


https://doi.org/10.3390/medicina57111165
https://doi.org/10.3390/medicina57111165
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34833383?dopt=Abstract
https://doi.org/10.1186/s43161-023-00161-8
https://doi.org/10.1186/s43161-023-00161-8
https://doi.org/10.5144/0256-4947.2004.326
https://doi.org/10.5144/0256-4947.2004.326
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15573841?dopt=Abstract
https://doi.org/10.1136/bmjopen-2015-010528
https://doi.org/10.1136/bmjopen-2015-010528
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27033961?dopt=Abstract
https://doi.org/10.1249/mss.0b013e3181238a0f
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17909407?dopt=Abstract
https://doi.org/10.1089/acm.2010.0782
https://doi.org/10.1089/acm.2010.0782
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22087576?dopt=Abstract
https://doi.org/10.1016/j.jbmt.2015.08.005
https://doi.org/10.1016/j.jbmt.2015.08.005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27210851?dopt=Abstract
https://doi.org/10.1007/s10776-002-0629-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12768467?dopt=Abstract
https://doi.org/10.1519/JSC.0b013e3181e4f5ce
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21399535?dopt=Abstract
https://doi.org/10.1080/02701367.1999.10608028
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10380242?dopt=Abstract
https://doi.org/10.1080/00273171.2011.568786
https://doi.org/10.1080/00273171.2011.568786
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21818162?dopt=Abstract
https://doi.org/10.1053/joca.2000.0361
https://doi.org/10.1053/joca.2000.0361
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11069723?dopt=Abstract
https://doi.org/10.1007/s00264-010-1045-1
https://doi.org/10.1007/s00264-010-1045-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20517696?dopt=Abstract
https://doi.org/10.3390/ijerph192214853
https://doi.org/10.3390/ijerph192214853
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36429572?dopt=Abstract

Prog. Rehabil. Med. 2024; Vol.9, 20240025

27. Tan X, Jiang G, Zhang L, Wang D, Wu X: Effects of

28.

whole-body vibration training on lower limb muscle
strength and physical performance among older adults:
a systematic review and meta-analysis. Arch Phys Med
Rehabil 2023;104:1954—-1965. https://doi.org/10.1016/].
apmr.2023.04.002, PMID:37169245

Abbasi E, Kahrizi S, Razi M, Faghihzadeh S: The
effect of whole-body vibration training on the lower
extremity muscles’ electromyographic activities in pa-
tients with knee osteoarthritis. Med J Islam Repub Iran
2017;31:718-727. https://doi.org/10.14196/mjiri.31.107,
PMID:29951408

29. Yoon J, Tsuji T, Kanamori A, Tanaka K, Okura T: The

30.

effects of whole-body vibration training on knee func-
tion and physical performance of middle-aged and el-
derly woman with knee osteoarthritis and chronic knee
pain. [in Japanese] Tairyoku Kagaku 2014;63:371-382.
https://doi.org/10.7600/jspfsm.63.371

Hrobjartsson A, Emanuelsson F, Skou Thomsen AS,
Hilden J, Brorson S: Bias due to lack of patient blinding
in clinical trials. A systematic review of trials random-
izing patients to blind and nonblind sub-studies. Int J
Epidemiol 2014;43:1272—-1283. https://doi.org/10.1093/
je/dyulls, PMID:24881045

Copyright © 2024 The Japanese Association of Rehabilitation Medicine


https://doi.org/10.1016/j.apmr.2023.04.002
https://doi.org/10.1016/j.apmr.2023.04.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37169245?dopt=Abstract
https://doi.org/10.14196/mjiri.31.107
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29951408?dopt=Abstract
https://doi.org/10.7600/jspfsm.63.371
https://doi.org/10.1093/ije/dyu115
https://doi.org/10.1093/ije/dyu115
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24881045?dopt=Abstract

