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Pain Control in Young Adults with Nonspecific
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Background: Nonspecific low back pain (NSLBF) accounts for a large proportion of low back pain cases. The present study
aimed to investigate the effect of the whole-body vibration (WBV) exercise on lumbar proprioception in NSLEP
patients, It was hypothesized that WBY exercise enhances lumbar proprioception.
Material/Methods:  Forty-two patients with NSLEP performed an exercise program 3 times a week for a total of 12 weeks of WBV.
The lumbar proprioception was measured by joint position sense. Outcomes were lumbar angle deviation and
visual analogue scale (VAS) score,
Results:  After the 12-week WEV exercise, lumbar flexion angle deviation was reduced from 3.85£2.26" to 1.90+£1.07°
(P=0.0001), and extension angle deviation was reduced from 3.06£1.85° to 1.61£0.75% (P=0.0001), significantly
lower than baseline. After participating in the 12-week WBV exercise, a significant pain reduction was observed
(P=0.0001). Men in the whale group (n=32) indicated significantly lower anghe deviations in flexion and extensian,
whereas women (n=10) indicated significantly lower flexion angle deviation (P=0.037), and no significant difference
was found in extension angle deviation (P=0.052). However, by subdividing the entire group (n=42) into poor and
good proprioceptive groups, WBV exercise presented significant enhancement of lumbar proprioceptive ahility in
the poor flexion proprioception subgroup, poor extension proprioception subgroup, and good extension proprio-
ceplion subgroup (each P=0.0001}, but not in the subgroup with good flexion proprioceptive ability (P=0.165).
Conclusions: Lumbar flexion and extension proprioception as measured by joint position sense was significantly enhanced
and pain was significantly reduced after 12-week WEBV exercise in NSLEP patients. However, the patients with
good flexion proprioceptive ability had limited proprioceptive enhancement.
MeSH Keywords:  Chronic Pain » Low Back Pain = Proprioception » Exercise » Vibration
Abbreviations: NSLBP - nonspecific low back pain; WBV - whale-boady vibration; VAS - visual analogue scale;
LEP - low back pain; IPS = joint pesition sense; ChiCTR = Chinese Clinical Trial Registry; ICC = intraclass
correlation coefficient; MCID = the minimal clinically impartant difference; SD - standard deviation;
CLEP - chronic low back pain; MCE = motor control exercise
Full-text PDF https:/fwww.medscimonit.com/abstract/index/idArt/912047
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Background

Low back pain (LBP), as a symptom rather than a disease, like
headache and dizziness [1], is one of the most prevalent and
expensive musculoskeletal conditions [2). LBP is a leading cause
of years lived with disability, which increased by 54% between
1990 and 2015, with the biggest increase seen in low-lIncome
and middle-income countries [3]. The prevalence increased by
18% from 2006 to 2016 [4], and its lifetime prevalence was
reported to be 84% |5]. Nonspecific low back pain (MSLEP) ac-
counts for a large proportion of LBP cases (commanly cited
as 90%) 6], which is LBP with an unrecognizable, unknown
specific pathology (e.g., radicular syndrome, cauda equina
syndrome, fracture, infection, osteoporosis, structural defor-
mity, inflammatory disorder, or tumor) [1]. The pathogenesis
of NSLBP is not fully understood [5). Clinicians and patients
were recommended by the American College of Physicians to
select nonpharmacologic treatment [7) with exercise (8], mul-
tidisciplinary rehabilitation [9], electrical therapies [10], and
magnetic therapy [11] to reduce pain and its consequences.

NSLBP patients showed an impaired proprioception compared
with healthy controls [12-14]. Proprioceptive sense, by defini-
tion, is a result of the central processing by the central nervous
system of afferent information about joint position, joint force,
and joint movernent from various mechanoreceptors in mus-
cle spindles, Golgi tendon organ, and the fibrous membrane in
joint capsules [15). Proprioception has been shown to be a key
companent of motor control and joint stability during daily ac-
thvities [16], and also coordinates movement and affects Injury
risk during sports [17]. Lumbar instability also restricts mus-
cle strength, endurance, and flexibility [18] and makes recur-
rence of LBP more likely [19]. Hence, impaired proprioception
affects normal coordinated movement. Decreased lumbar pro-
prioception may lead to higher sports injury risk, an increase
in pain intensity, and lumbar disability. A negative correlation
between lumbar proprioception and pain was described in our
previous study [20].

In recent years, whole-body vibration (WBV) exercise has in-
creased in popularity in pain relief and physical performance in
various clinical populations [21=24). Conditions that have been
studied include anterior cruclate ligament reconstruction [25],
osteoporosis [26], fibromyalgia syndrome [27], overweight/
obesity [28], cerebral palsy [29], post-stroke [30], and chronic
NSLEP [31]. WBV requires the individual to perform static or
steadily controlled exercises on an oscillating platform [32,33).
WBV improves muscle function through increased reflexive ac-
tivity from the stimulation of the muscle spindle system [25] and
also from increased corticomotor excitability [34]. This mecha-
nism has also been suggested to reduce LBP, which has been
previously shown to be associated with reduced lumbar seg-
mental stabilization muscle activity. WBY increases reflexive
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activity and subseguently strengthens lumbar segmental mus-
cles to alleviate LBP [35,36). WEBV with high vibration levels
increase the risk of LBP [37], but frequencies below 20 Hz in-
duces muscle relaxation and alleviates LBP caused by para-
vertebral muscle spasm [38). Some additional benefits of WBY
exercise are decreased heart rate and blood pressure [28,39],
as well as improved cardiac autonomic function [40] and anti-
inflammatory status [41]. These benefits assist overall health
to mitigate the risk of LBP. Another appealing characteristic
of WBV exercise is its suitability for someone unable to per-
form strenuous exercise modalities,

Proprioception is one of several objective measures used to de-
termine the effectiveness of WBY exercise on NSLEP. Although
proprioceptive sense plays an essential part in joint stability
and injury prevention [42], few studies have investigated the
effect of WBV exercise on lumbar propricception ameng NSLBP
patients, and the effect of WBY exercise on other segment pro-
prioception is also unclear. Several studies demonstrated that
a single session of WBV does not influence knee joint proprio-
ception [43] and lumbar repositioning ability [44] in normal in-
dividuals. However, Myung-Sook et al. found that 3 weeks of
WBV training was effective in improving ankle joint position
sense (IPS) in children with cerebral palsy [29]. Hence, WBY
exercise may have positive effects on proprioception after sev-
eral weeks of training. Regarding the effect of WBV exercise
in NSLBP patients, WBV training was reported to have signifi-
cant positive effects on functional capacity (evaluating by the
Roland and Morris disability questionnaire score, the Oswestry
Disability Index, and the quality of life questionnaire SF-36) [45],
balance ability, and pain of NSLBP patients [46]. However, re-
search on the effect of WBVY exercise on lumbar propriocep-
tion is lacking. The positive influence of WEY exercise on lum-
bar proprioception and alleviation of pain would be beneficial
for NSLBP patients. NSLBF patients with poor proprioception
might also benefit from the WBV training program.

The purpose of the present study was to determine the effect
of WBV exercise on lumbar proprioception and pain control
in NSLBP patients. We hypothesized that WBV exercise would
enhance lumbar proprioception and reduce pain, and that pa-
tients with poor propricceptive sense would get more clinical
benefit from WEBY exercise.

Material and Methods

The study had a one-group pretest-posttest design and was
approved by the Ethics Committee of the Shanghai University
of Sports, China, and by the Chinese Clinical Trial Registry (rep-
Istry number ChICTR-TRC-13003708). All participants signed
written informed consent.
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Sample size

GPower 3.1.9.2 was used for power calculation. Previous studies
reported effect sizes (Cohen's d) of —0.85 by Investigating WBV
effects on VAS in elderly individuals [47]. Therefore, to conduct
a paired-samples ¢ test, with an alpha of 0.05 (2-tailed), power
of 0.9, and an effect size of 0.85, the estimated sample size
was 17 participants. With an attrition rate of 20%, the sample
size required for the study was 21 participants.

Participants

A total of 42 individuals participated in this study. All sub-
jects underwent x-ray and MRI to exclude specific low back
pain, and the clinician performed lumbar function tests as.
sessing lumbar flexion, extension, and rotation. Inclusion cri-
terla were: 18-35 years of age, low back pain persisting for
approximately 12 weeks or longer, and at least 3 episodes.
Exclusion criteria were: taking analgesic and/or anti-inflam-
matory agent, previous major trauma and/or surgery of the
spine, serious spinal pathology (vertebral fracture, inflamma-
tory arthropathy, spondylolisthesis, rheumatic diseases, cauda
equina syndrome, tumor or cancer), cardiovascular and/or neu-
rolopical disarders, insufficiently treated hypertension, acute
inflammation of the musculoskeletal system, and pregnancy.
The doctor excluded specific low back pain patients by taking
their history, performing a physical examination, and labora-
tory testing. Participants were asked not to change their daily
lifestyle and or to perform additional physical therapy during
the study period.

Procedure

This was a longitudinal study investigating the effect of WBV
exercise in MSLBF patients (Figure 1). Each participant per-
formed exercises 3 times a week for a total of 12 weeks, and
the sessions could not be performed on consecutive days.
Each training session consisted of 5 min of warm-up, 18 min
of WBV, and 5 min of cool-down exercises. Lumbar joint po-
sition sense (an indirect measurement of proprioception) and
the visual analogue scale (VAS) scores were recorded bofore
and 12 weeks after WBY exercise,

Intervention

All exercises were performed on a wvertical vibration instru-
ment (AV001; BODYGREEN, Taiwan, China). Participants were
asked to take off their shoes to avoid slowing vibrations on
the human body. WBV exercise contains & exercise postures:
squat, kneeling, bridge, bridge with leg lift, bridge and knee
flex, and back release. Postures were maintained for 60 5, ex-
cept for squat, which was maintained for 90 s, and repeated
twice with 30 5 of rest. In clinical practice, these postures are
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Data anabysts (n=42)

Figure 1. Flowchart of the study. WBY, whale-body vibration;
VAS, vizual analogue scale, was used to assess pain
intensity.

widely used and are safe for patients with LBP. The vibration
frequency was 9 Hz, and the amplitude was 2 mm. Figure 2
and Table 1 display mare detailed infarmation about the WBY
exercise protocol. WBV exercises were completed under the
supervision of registered physical therapists.

Measurement
Lumbar joint position sense

Lumbar joint position sense (IP5), an indirect measure of pro-
prioceptive sense, was evaluated before the WEBV exercise and
after the 12-week WBV exercise by using Con-Trex Multi-loint
System (CMV AG, Dilbendorf, Switzerland).

In the measurement setup, participants stood in neutral po-
sitlon, and were asked to wear a blinder and earplugs to re-
move visual and auditory disturbance. From the starting neutral
standing position, the trunk of the participant was passively
flexed to a random predetermined target angle in constant-ve-
locity mode, Participants were instructed to relax their bodies
and avoid any active muscle contraction when bending the trunk
to the target angle. Participants maintained the target angle for
3 5 to memaorize the position, Then, the participants returned
passively to the starting position. Subsequently, a hand-held
trigger was given to participants and were instructed to return
to the target position from the neutral position. Upon pressing
the pause button on the trigger, the investigator recorded the
actual angle. The process was repeated for total of 6 times in
serles (3 times for lumbar flexion and 3 times for lumbar ex-
tension). The absolute error angles, which deviated from the
actual angle to the target angle, were calculated and taken as
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Figure 2. Training program far whole-body vibration exencise. Training program included: (&) squat, (B) kneeling, (C) bridge, (D) bridge

with leg lift, (E} bridge and knee fex, and [F} back release,

Table 1. Parameters and intensity of whole-body vibration exercise,

Each time Repetitions

Exercise program (n)

Bridge and knee flex & 2

Back release a6 2

Frequency Rest Interval WBY total time
(Hz) (s) (=)

an average for lumbar flexion and extension, which is also the
angle deviation. The larger value of absolute error value angle
indicated Inferlarity In lumbar joint position sense, thereby in-
dicating worse proprioceptive acuity.

Before this study, we did a pllot study to determine the
reliability of the Con-Trex Multi-loint lumbar testing system.
Twenty-five NSLBP patients participated in the pilot study. All
subjects' lumbar proprioception was tested by the above pro-
cedures, and performed the same test after 7 days. The re-test
reliabllity was calculated by Intractass correlation coefficient
{ICC). ICC value ranges between 0 and 1 and can be interprated
as excellent; 20.75, good: 0.60-0.74, fair. 0.40-0.59, or poor;

<0.4 [48]. We found the above procedures had good reliability
(flexion angle deviation: 3.33£1.82" for first test, 3.22£1.22°
far re-test, ICC=0.766; extension angle deviation: 2.78£1.47*
for first test, 3.08+0.78" for re-test, 1CC=0.719) [49].

Fain intensity

The visual analogue scale (VAS) was used to assess pain inften-
sity, which used a 100-mm horizontal line marked from 0 to 10
fram left to right, in which “0" meant no pain and “10" meant
the worst pain imaginable. Participants specify thelr pain In-
tensity by indicating a position betwean 2 end-points along
a continuous line, The minimal clinically important difference
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Table 2. Demographic and clinical characteristics of participants (n=42).

Men [(n=32)

Women (n=10) Total (n=42)

Age (y) 219432 205+2.0 21,6430

Height (cm) 171.5046.53 173.9046.57 172.07+6.54
WEIEMW .................................................................... ,5 1?51105.5 ...................... 5 72511250 ...................... 5 ?6.&]096 ..........

ml [Fts-'m’] -12-.9111.41 :1;.1415.33 - :z..nﬂﬂ
nmegmteﬁmﬂpﬂkncemm|.,|5|_B P{mn} ........................ 91135 ............................ 53113; .......................... 35t34 ..............
" vAsbaselne aamr2r 5108099 ae4123
Hmmamm dwmmhm“m ........................................ 3?9*33; ........................ 3 ]h 1 g.,.-, 355!1_25 ............

Exren';sinn .angl& deviation- basnl.inn . 3.11-11.94“ - 1;.57;‘11.52 3:&511.:&5

BMI - body mass index (calculated as weight in kilograms divided by height in meters squared); NSLBP ~ nonspecific low back pain;

VAS = visual analogue scale. Values are expr!ss!d as mean £50.

(MCID), identified as a change of 2 or more points [50], was
also used to evaluate the therapeutic effect after 12-week
WEBV training.

Statistical analysis

Microsoft Excel 2016 and 5P55 20.0 were used for data log-
ging and statistical analysis. Demographic data were collected
for descriptive statistics, which are described as mean & stan-
dard doviation [SD).

The paired-samples t test was used to compare lumbar angle
deviations and VAS scores before and after WBV exercise. The
changes in lumbar angle deviations and VAS score were also
calculated, and a negative difference meant that the partic-
ipant had improvement in proprioception and pain intensity
after WBV intervention. Then, using the baseline lumbar angle
deviation value as the reference value, the group of 42 par-
ticipants were divided into 2 proprioceptive subgroups (good
and poor). In the good proprioceptive subgroup, participant
whose lumbar angle deviations were below the group mean
before WBY exercise were included. Participants whose lumbar
angle deviation above the group mean were included in the
poor proprioceptive subgroup, The same analysis via paired-
samples t test was utilized for the 2 subgroups. The same ap-
proach was used for VAS subgroups. The good VAS subgroup
included participants with VAS scores lower than the group
mean before WEBV exercise, and the poor VAS subgroup con-
tained participants with higher VAS score, The level of signif-
icance was set at 0.05. Treatment effect was calculated by
comparing the differences in outcome measured aver the 12-
week training program.

Lastly, odds ratio and the corresponding 95% confidence in-
tervals were estimated to assess the differences between

TR work i ieemded uncer Lreatihve Commen Attribution-
RonCommearci-rolerivatives 4.0 International (CC BY-RC-ND 4,00

subgroups for perceived benefit of WBV exercise (gender, pain
intensity, and lumbar proprioception above the MCID). In ad-
dition, chi-square tests were also used to determine whether
there was a difference between the subgroups in the propor-
tion of participants reporting perceived benefits.

Results

Forty-two NSLBP patients aged 18-34 years old (average age
21.6+3.0 years old; 32 males and 10 females) voluntary partic-
ipated in this study. Other baseline demographic and clinical
characteristics of participants are shawn in Table 2.

Proprioception

After the 12-week WBVY exercise program, lumbar flexion
angle deviation was reduced from 3.65+2.26" to 1.90+1.07*
(P=0.0001) and extension angle deviation was reduced from
3.06+1.85° to 1.61+0.75" (P=0.0001), which were significantly
lower than baseline (Table 3).

The whole group was subdivided into good or poor flexion
proprioceptive groups according to baseline values, A total of
19 participants showing flexion angle deviations above 3.65°
(group mean value) were included in the poor flexion proprio-
ceptive group, and 23 participants showing lumbar flexion
angle deviations below 3.65° were included in the good flexion
proprioceptive group. For the subgroup with poor flexion pro-
prioception, the difference in lumbar flexion angle deviation
significantly decreased after WBV intervention (P=0.0001).
Mo significant difference was found in the good flexion pro-
prioceptive group (P=0.165). For extenslon proprioception, 16
participants were included in the poor axtension propriocep-
tive group (extension angle deviations above the group mean
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Table 3. Comparison of lumbar angle deviation and VAS score between baseline and after 1 2-week WBY exercise,

Mean change from

Baseline 12 weeks baseline to 12 weeks !F 4
(95% C1) o
Whole group (n=42)
=1.75 .
Flexion angle deviation (") 3.65+2.26 1.90£1.07 (~2.48 to -1.01) 26.4£57.5 0.0001 0.75
Subgroup <3.65° (goad flexion -0.34
proprioception; n=23) () 2.10+088 1.76+0.89 (~0.82 10 0.15) 0.6461.3 0165 0.30
Subgroup »3.65° (poor flexion =3.45 _ .
proprioception; n=19) (% 5524198 2.0641.26 (-4.57 to —2.34) 59.1429.5  0.0001 1.49
Men (flexion proprioception; n=32) (*) 3794237 1.98+1.11 -2 ?;ltfl_u 92) =30.0448.4 0.0001* 0.73
Women (flexion proprioception; n=10) [}  3.18+£190 1.63+0.92 2 g;ltfd_n 12) -14.9+¢824 0.037" 1.77
-1.44 -
Extension angle deviation (*) 3.06£1.85 1.6120.75 (-1.98 to —0.90) =35.9£27.9 0.0001 0.83
Subgroup <3.06° (good extension -0.43 -
propriaception; n=26) () 1.90+0.74  1.4640.67 (-0.62 to -0.25) =21.7420.2 0.0001 093
Subgroup >3.06" (poor extension -3.08 N .
peoprioception: n=18) () 494152 1.856+0.84 (-4.05 to -2.12) 5394231 0.0001 1.70
Men (extension propricception; n=32) (*)  3.21+£194  1.64+0.73 2 22- lt:i) a1) -37.4427.5 0.0001* 0.86
Women (extension proprioception; n=10) (¥} 2.57+1.52 1.52+0.87 -2 1-21;35'} o1) =31.1%30.1 0052 0.71
VAS 4.6241.23 3.00%1.38 -1.62 -28.3$47.9 0L0001* 0.94
.................................................................................................................. e ]
Subgroup ¢4.62 (good VAS; n=21) 3674073 2864111 N 1314578 0013 059
__________________________ OO 31 . S
Subgroup »4.62 (poor VAS; ne21) 557+0.81  3.14xl1.62 -3 1;:?_'] 70) -43.6+29.8 0.0001° 1.52
-1.44
M AS; f=32 447127 3.03x1.12 =-23.3450.6  0.0001* 0.88
el * * (202 to -0.85) .
Women (VAS; n=10) 5104099 2904208 Rl -445435.5  0.004° 121

{=3.50 to -0.90)

VS = visual analogue scale; Values are expressed as mean £50; * analyzed by the paired-sample f test; * significant at P20.0S.

value of 3.06%), and 26 participants were included in the good VAS
extension proprioceptive group. Both subgroups showed sig-

nificant improvement in extension proprioception after WBY
exercise (poor extension proprioceptive group: P=0.0001, good
sxtension proprioceptive group: P=0.0001).

After WBY exercise, men in the whole group (n=32) had sig-
nificantly lower flexion and extension angle deviations (flexion
angle deviation: P=0.0001, extension angle deviation: P=0.0001)
after intervention. However, women (n=10) had significant lower
flexion angle deviation (P=0.037), but showed no significant
difference in extension angle deviation (P=0.052).

At baseling, the mean VAS value was 4.62+1.23, and partici-
pants had significant pain reduction after the 12-week WBY ex-
ercise program (VAS value: 3.00£1,38, P=0.0001), The poor VAS
subgroup, containing 21 participants, had VAS values that were
higher than the group mean value of 4.62. Correspondingly,
21 participants were in the good VAS group. For both sub-
groups, WBY exercise significantly reduced VAS scores (poor
VAS: P=0.0001, good VAS: P=0.013). At baseline, the mean
VAS value was 4.47+1.27 for males in the whole group (n=32)
and 5.100.99 for women (n=10). After tha 12-week WBV ax-
ercise program, the mean VAS value was significantly reduced
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Table 4. Number and proportion of participants having a minimal clinically important change In gender, proprioception, and pain

intensity after 12-week intervention.

MCID

Odds ratio (C1 95%)

No benefit; n (%)

0.221 {0.040 to 1.205)

17 (53.1%)
2 (200%)

WS "~ Benefit; n (%)
Gender
........ e
anena(smm;»
Flm“mpmm
........ = dﬂ“mpmpmmmumm
........ ﬁé;}'ﬁéﬂéﬂ'ﬁ'{&}}iééﬁiﬁ-ﬁ“"“mmmmi'i"“féﬁi‘.imm
ET—— o
" Good extension proprioception 14 (538%)
........ :3-;;};&;;;};};'l':';.':;r'i'ﬁ;;;ﬁ;.;mmmmm'é'm[:;ﬁ-.i;:imm
m“mmﬂw
........ o d“sﬁm“}
Poor VAS 17 l’si.d'&}

....... ‘11[4?-3%}
......... amm}
.................................. Eﬁd}}ﬁiiéﬂ'ﬁ;‘i}ﬁ"mm'6'.555""'“"
......... ?{453%1
© 0.094(0.022t00398)  0.001*
....... 15{”.“}
4 [1'95%1

MCID = minimal clinically importance difference, identified as a change of 2 or more VAS paoints to evaluate the therapeutic effect after
12-week whole-body vibration training: VAS - visual analogue scale; Cl - confidence intérval * significant at P<0.05; * analyzed by chi-

squared test.

to 3.03£1.12 for men (P=0,0001) and 2.90+2.08 for women
(P=0.004) (Table 3).

MCID in gender, proprioception, and pain intensity

Participants with poor VAS reported significantly greater ben-
efits from WBY exercise compared to participants with good
VAS (P=0.001). No significant differences between subgroups
were found for gender, flexion proprioception, or extension
proprioception, in relation to the proportion of participants
who attained MCID (Table 4).

Discussion

WEBV, which is a noninvasive intervention, has become an in-
creasingly popular treatment for LBP. To investigate whether
the propricceptive performance of NSLEP patients can be im-
proved by WBY exercise, the effect of WBY exercise on lum-
bar proprioception and pain control in NSLBP patients was ex-
amined. The present findings showed a significant difference
in lumbar angle deviation change and VAS change after WBY
exercise (flexion proprioception: Pa.0001, extension proprio-
ception: P=0.0001, VAS: P=0.001). These results provide a pos-
sible explanation as to why a 12-week WBV program relieved
pain and improved function for patients with chronic non-
specific low back pain in previous studies [47,51,52]. These
positive effects might be an increase in proprioception of

the lumbopelvic area, which improved the outcome of mus-
cle co-ordination,

Categorizing the data at baseline into good and poor flexion
propricception revealed that WBY exercise significantly de-
creased the lumbar flexion angle deviation of NSLBP partici-
pants whose lumbar flexion angle deviation value was more
than 3.65° (P=0.0001). WBV Improved the flexion perfor-
mance of those NSLBP patients classified into the poor flex-
ion proprioception group (n=19). Conversely, WBV had no no-
ticeable effect on flexion propricception of participants with
good flaxion proprioception (n=23, lumbar flexion angle de-
viation was less than 3.65%). The findings of Hosp et al. [53]
and Callaghan et al. [54] indirectly support these observa-
tions, as they demonstrated that healthy participants whose
knee proprioception was graded as good did not benefit from
the intervention,

In our previous cross-sectional study, we found that decreased
lumbar muscle strength, endurance, and lumbar propriccep-
tion of the lumbar vertebra lead to an increase in pain inten-
sity and lumbar disability [20]. Therefore, we hypothesized
that patients with poor proprioceptive sense might have more
clinical benefit from performing WBVY exercises. Clinical ben-
efit was measured by minimal clinically important difference
(MCID), defined as a change of 2 or more WAS points [50] after
the intervention. However, rasults of the prasent study do not
confirm this hypothesis. No significant differences between
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subgroups were found in flexion proprioception or extension
proprioception in relation to the proportion of participants who
attained MCID. However, an increased propartion of partici-
pants with poor VAS perceived a benefit in their clinical symp-
toms after the 12-week WBY intervention. Combined with the
above results showing that WBV exercise decreased lumbar
angle deviation significantly for NSLEP patients with poor pro-
prioception, this finding indicated that NSLEP patients with
severe pain and poor proprioception might be more suitable
for WBV intervention.

Considering the gender factor, WBY showed a demonstrable
effect on flexion proprioception but not extension proprio-
ception for women in the whole group. Correspondingly, WBY
showed a demonstrable effect on proprioception for men in
both flexion and extension in the whale group (bath P=0.0001).
Few studies have reported on gender differences for NSLEP
patients in lumbar propricception based on WBV intervention.
Ye ot al. found that women were less sensitive than men in
lumbar extensor endurance for WBY exposure [55). Lumbar
muscles in women have a higher propertion of cross-sectional
area of type | fibers than men (73% and 56%, respectively) [56].
Type la afferent activities increased after vibration training,
and type || afferents were also sensitive to vibration, especially
when muscle contraction occurs. Because recruitment of type
ler afferents would precede that of type Il afferents with so-
matosensory and perceptual stimulations, type Il afferent fi-
bers were used as elements to activate proprioception [57).
Women had a higher proportion of type la afferents fibers.
Consequently, WBV training for women with N3LEP induced
lower activations of type Il afferent fibers, thereby resulting
in relatively less improvement in proprioception. This is in line
with the current findings.

Recently, a number of studies have reported that the LBP
incidence in children and young adults is similar to that in
adults [S8-61]. and even the lifetime prevalence rates increase
with the age of the subjects [62]. Physically heavy work at a
young age [63), psychological distress during childhood [64)],
and abdominal obesity [65] have been found to be the main
risk factor for low back pain, not only during childhood, but
also in early adulthood, Lifestyle-factors such as smoking, al-
cohol consumption, and overwelght are was positively asso-
ciated with LBP [66).

Zherg¥-L et al
Eifect of 12-week whole-body wibeation eaercise.
© M Sl Mordt, 2009 25: 443-452

A meta-analysis of surgical versus nonsurgical treatment
of chronic low back pain (CLBP) suggested that nonsurgical
treatment was slightly more effective, feasible, and safe [67).
Monsurgical physical theraples like low-level laser therapy [68],
magnetic therapy [11), electrical therapies [10), extracorporeal
shockwave therapy [69], and high-intensity laser therapy [70]
have a favorable effect on self-reported pain and functional
limitations on NSLBP. These results are in line with our study,
but no previous study has reported on the effect of proprio-
ception on the lumbopelvic area.

The present study contains certain limitations. First of all, our
age range was narmow and the sample was small. All partici-
pants were young individuals, and the average age was 21.6
years old (range: 18-34 years old). Thus, these results did not
represent the condition of the entire population. Furthermore,
preprioceptive senses included position sense, motion percep-
tion, and vibration sensation; however, this study only tested
position reproduction, particularly position sense. Given that
the sense of joint movement and vibration was difficult to
quantify under the conditions in the present study, the ef-
fort to improve accuracy and comprehensiveness of proprio-
ceptive sensation testing is another important research field.
Our findings are based on a single-group pre-post test design
without a control group, which increases the risk of bias, and
the lack of follow-up observations is another limitation. Future
studies involving a control group and long-term follow-up ob-
senvation are needed to énsure that the improvements we
demonstrated are due to the whole-body vibration exercise,
thereby strengthening the validity and credibility our study
findings. Furthermore, it would be useful te evaluate the ef-
fect on lumbopelvic proprioception and pain control of differ-
ent training approaches.

Conclusions

Lumnbar flexion and extension proprioception, as measured
by joint position sense, were enhanced significantly, and pain

was also significantly reduced in NSLBP patients after com-
pleting the 12-week WEV exercise program. However, patients

with good flexion propricceptive ability had limited proprio-
ceptive enhancement.
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e sl il il ki 755X 0 A 5 0 B el N ok L

ﬁt_' D fﬂ- &;fﬁ % % F B o ol S HRIGRLIRE 7 - B e TRAIL D - 1%

ST BTE KRB (MHEEE ~ B2 5= » 2010 ¢ Tsuji

{5 i # (vibration training) JiT A A ¢! al., 2014) = Z0k » LA LA A TR
lll e 0 B 2 P I P 00 D R PR~ 2 i fE ) Bl s e

e

HEAR(FE ¢ wrons O A AR R e e ) AR TEL: 03-3283201 i 2306
106 SEAET AT AE SR —EY 162 UF E-mail; huang @ntsu.edutw
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i1 (Pollock, Martin, & Newham, 2012: Wang
et al., 2014) » Sodbilh 3l £ 5% 00 £ 81 F471E
[ERpR I E= I v TR A ol S o O - A s g
BB 7 0 £ o 0k LR el B i il e A 0 T A
& s E I L DU G e Wl 75 20 1y o)
e A R L AR R A I e A s i I
FIL e ol =X 21 S8 0 A B0 o i+ b oy A e
K ) {9 30E 0 i B LEE L - 90400 0 S S 4 AN
- 1 B e W o Al %6 A (8T (Luo, McNamara,
& Moran, 2005) + Al /7 20 L ) O 2
PR ~ 08 )7 M6 0 0 R (o0 S Tl e ~ 5 M
o UK Fak T i S0 R G 92 TR ) A A Gl ek
(Tsuji ct al., 2014)

4 Lr 4% W Gl #F (whole-body  vibration
training, WBV) 19 i » Jak LLak 1) /7 200 e il
L 1AL A LB I o ot 8500 25 A e L
VA IS S o o 38 i A L A gl B (stretch reflex)
258 o i B A A ) R L B R S
il ey o 0 8 o A B 0 7 2 (UL P L e
ke P 24 AL i A0 0y (0 E UL P9 55 A+ WL o A 0 i
Jy i AE L S 8 FE (Mahicu et al., 2006) -
il ANl v {s85 9 b S o) il i Al S 0 A (97
J3 ki B e sk AILRY o A G AT AnT B A
15 A B A O (L RE o D e b o T A E
a3 (frequency) ~ W (amplitude) 5l T3k
I (acceleration) = £ H7 = 557 =% Wi % BL i 15 (i
A {E S A [ A B Al €56 . (Luo et al., 2005) -

3 5 () WF 8 A I Tl R S s 2 i
B LR B AT ShBEM B R el 2 R s (E
AR LA 710 e (2 N B 8 20 BT L 26-40
He () il 4 1 A 8-24 38 F ol ik TUG (time
up and go test) W I M 0 4% 18247 0% )
(Pollock et al.. 20012) » i & i (e i WLEE .2 ThfE AIL
J) K ENL /) (Verschueren et al., 2004) 5 {F4f
fits S0 7 i o A e b G B N ke T o o BT

S o 946 i 195 0 1 WP 2ot B AT R (Xie,

Rubin, & Judex, 2008) + FH#E i (1) by L0 1% #F 0]
3% I e HE oz A T o P B O P (I 18] 2 9
{(von Stengel, Kemmler, Engelke, & Kalender,

2001) o (EU M B8 77 (6 R N AT
o] B 0 0 38 i A~ e R e B A
I it (Bogaerts et al., 2009) ¢ (£ 47l 4K /7
i 408 0 ke A g ko e o] St - AT i o] o
e o QI A B AT 00 o (R S PR E T B
(Al &5 60 B 10 202 B2 il o] i w] £ 05 52 1] 1
(testosterone) 2 ’F Fe it 4= (growth hormone)
U 1 ] IR o E H2 TS (cortisol) 2% (Bosco et
al.. 1999) : {ESFEEZ PEAETT 4 {181 A e 8t ANl e
i At o HE3E 25 FH BN AR 04 IL-1p ~ TNF-a /2
11 b & (ostcopontin) T & &t MA ¥ W L
(Humphrics. Fenning.
MacRae, 2009} =

BE 2% 2o WA I 96 35 PR S IR Th A el 5 5% 2L
P B (e e e a8 94T 18 47 SR o i fhe Ty
clll ek S T 0 S Ol 1% o Gl 1 - DL AT IS
GO o TErh s LA B 55 B [ml 42 L » Aminian-Far,
Hadian. Olvaei, Talebian, B Bakhtiary (2011) WF
Feb L I o D o g 0 e S D T 35 A 2K
(Rl Al 60 B9« e 47 i oL i ) 13 A 51
WL P # 40 (delayed-onset muscle soreness,
DOMS) #1584 o S ok » FIH b ¢ 7 Bl 15 43
WAL (20 He) o il gl - vl 47 el s f
7 HE 8 T b ofih % B0 /Y I M S FE (Carrasco,
Safiudo, de Hovo, Pradas, & Da Silva, 2011) = [d]
I ] {3 L PN 5 5 o RS B G 152 Bl Rk AR 1) 7 2
— (Kosar, Candow, & Putland, 2012) = ali 552 &
B 11 30 Wl Ml A I AL A R 5 B [P e A
Z s LU 30 Hz i E5 4 mm AE7T 6 77§
W W A - 8 HK S5 RS OET L A IS A
(creatine kinase, CK) M 0k () SR 0 AL 1 {5 K
4 (de Hovo, Carrasco, Da Silva-Grigoletto, &
Saiudo, 2013) = th ko] Bl » 58 25 465 W Nl 5 41 BE A
F6 H S I 00T e B BT B 2 55 1) 2 PR e S
A~alE ] » (e — D g Mt ag -

(o A% 4 iy L ety M RH F e 4 1 - D 15 8 Se b
HEAT AT ASLE] » A APPSRES « i B 1] 9% A~ 38
HIR] = [ - MEGA 15 0 55 B () 4 D 46 4 Bl
M+ ()RS » o0 R R R Ik — B A AT

Dugan. Guinane, &



FE o MR A~ 5% OO o i o 5 O 3558 = Aiba] P
FEAEFH AR (International Standard Organization.
ISO) aT%E 1 T B il i) 388 aT 4 £ 51 180
26311 > FHE AR 2 it 1 W ) TR B b iy S e
Al BT IER (11 A G s 0 JREGH) » T A B T A0 i
I BE AR b 7 o 24 0 e ) + R O 402 5 AR
A SE% = 2R+ H il S A HEPE T i Sl &l
1 AR 5 B 0 Al 2 B b R P FH B WE 9 A1
Pl (ET AP i s 258 5 BPF 2 4 (o8 P I 3 55 1) e 8D
(5-15 He) + FLATHE B 1E Bl B3 008 HL D % T 44K 1
MU L) R R L P e Az i DL SIS ok )
(Cafarelli. Sim. Carolan. & Licbesman. 1990 ) = [A]
JHE A DFF 7 SR L S I+ P LA T 8l 0 T
FE T i 4t T sk i A B ERE Ol T I B R R
PP PR S + T S D 00 3 A A o R R
Al B0 Lol e A A4S 1) w2

N~ F ik

— - B ARRDiE

A 2 WF e 6L ) 2 Bl D K~ 24 18
CSTBL/GI iy 52 /] B o 0 I 1 4 00 ) A o B
frAy B A (RN - B 0 358 SIS AAALAC
e ath A B Pt B A 0 B e o ¥ X 5 T 5E 5 It
P TS W LLGE (5T 7% 7 e Mopg 2 0 0T -
A 2R Wl 0 o B 2 TS PN % B B R R ) S A
R LR R G SR i R Sk R
HEE AT » W EMIBKERS TACUC-10205 « §
W i 42 e TF A R 4 53 P £ 7 ] 5 B -
AR FEI(E 22 £ 2 °C ~ P 65 £ 5% » YeWiBd
MU 12 P R (R PI EEE (Chow 5001,
LabDiet, USA) B AKHE{IE 1Bl 1 b4 o - (6 I
AN f5F - RGEREM - 15 24 % C57BL/G)
B T ER LN 3 e TEEH 8 o SpEHIT F -

) I 405 il A1 ) E W £ O Hz (sedentary control,

C) ~ (2) HTEHIE 3 2 T N 4l 5.6 Hz/0.13 ¢
(low-intensity vibration, LV) ~ (3) fH%} 5 1 i
B allfk §1 13 H2/0.68 g (high-intensity vibration,

= SRl o B S ) 2 Bl et 5 R 35

HV) = i By Gl JUTHA] - o g ik 8 A L] G 9 1 351
flel SR ey Gih o 52 L oL 4 e ik LA E

— -~ IREDEIRAIEEE S AR

A< B S 95 FH Ol 60 U dhe il Gl 8 i (Huang.
Tseng. Huang, Chung, Chuang, & Wu. 2014) * %
fii £ H1 i 7 {1t 3h (% (Body Green™, Qigong
Master. BW760, Taiwan) * I &% 2 i f]-i’:'i‘l.{';}_ﬁ
(5.6 He, 0.13 g) FHLSEIE (13 Hz, 0.68 g)* M
f o 60 54 A L R i - TEUE » WF9E SR ot LU
ol MR A A+ AR R L2 BT (He,
) ELHT[A] {2 mm > 23 B TR HEE 95 5 (5.6 He,
0.13 g) K HIEHEMEE (13 He, 0.68 g) fE{T A
W) 3 W Gk et EE - L I Wk A6 °F LA R S A
B MK 1 R e

% 1
EEDNLIBRIREEAIE
2% EE 5OF 2 BE il A ] LiiE
(mm)  (Hz) (@) nF EELA BE
50 M
Lv 8 ) 56 013 BEsE BE 96 48
HVE 2 137 o6 WEsE BRuoE 48

= BUBHMZ A5

P 1 WER 40 ) Ll A AL PO e 5 T L
JiEd AR T 2 SR A B A B i e
HIC 7 0 S 0L+ 4 W7 % LD ) B i H 4 ) o2 %
b+ 0 S 2 G SR ST (grams) » &% LLIE A%
ML) E& 40 = GF A0y 25 Bl 40158 25 SCRE Py A
(Wuetal. 2013) ¢

M - RisEmd/IEENARE

£ TOEE O ol 0 7 AL DY e A G
JIFBUR S AT A 28R AR LU 5%
Ly 0 O Y B LT e e B2 R R I
A AL E B 28 £ 1 °C H?fl“i’rT s A LR A
ahorbste £ R SR PR Sy o [ DR A IR T
VEUR PR AL+ BB R AT I ko 2z IR 1)l A0 Bk P e 0
Pt ) 2 W] w8822 Pl o 2 E3 /0 BT Bk
AKCE IR AR 7 B B0 Bk R K R E T T
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W o E P 1% e - F AT 2 B0 e i) SCRE AT S
(Wu et al., 2013) ¢

h - [IRECEEDH

i e s R R OB B AW i 0 FL M
(lactate) ~ M% (ammonia, NHs) ~ [ B (glucose.
GLU) LR CK 36 PE nl LU BT £3 6 Wh
W45 LLE LA i i Y o 2 AL L JR B (Wang et
al.. 2012; Wu et al., 2013) » A28 th 45 by Lt g il
Tih % 54l NH; 8 GLU #8219 LR CK Gt 4l -
{12 %8 9 P wvd 7 0 s e AT YA T W Tk
af, 0wt H S TR A o 30 o dil2 % B
ALY 6 17 B2 ~ M CUER ~ (8108 15 50 Bl il ok i
Bl o, » AR EFERITE 28 + 1 °C B W E P40 1E 14
vk 15 oLk o LIRS E (8
R ) BCEERY 0.3 mL o iR 0 g A
5 4°C ~ 1,500 =g WEFE T E3ECo 15 S8 o B iluny
A B 5 ol int O BT o o 0 DR 7 5 RH B il
WAL S b - WiH @ 4E - FLEE - NH; 8 GLU if%
R+ LLE CK it -

't e ST Tl ok S 5 AR 2 P b R I
fIFE 3 B 2 T i AF A - BT B A PR 5
B PG B O N B O i il e A A
AR EH S b e R EE 12 5 PR AT PR i 2 %
HliE (%9 1 mL) ~ FHERGEAETT iRt o5 BT
B #EEH 1L e o T A FH i A
fih 3 BT (Hitachi 7060, Hitachi, Tokvo, Japan)
HETT o7 AT o AP Rl it 2 Al o3 B 5 2 i 12
iz iz A (asparate aminotransferase, AST) ~ 4
WAL A (alanine aminotransferase, ALT) M
Nt (alkaline phosphatase, ALP) ~ FLA#HE G iy
(lactate dchvdrogenase, LDH) ~ E1#E E1 (albumin) »
PN EL A (total bilirubin, TBIL) ~ ##H T (total
protein, TP) ~ A %1 (blood urca nitrogen, BUN) ~
WL fF  (creatinine, CREA) ~ K # (uric acid,
UA) ~ #A%[A#F (total cholesterol, TC) ~ i H ith
Il (triacylglyeerol, TG) ~ GLU LLE; CK TFHTH 4
o ek e 0 e W ek S 2 0 B R AR 2 B2 3 (Chen,
Huang, Chiu, Chang. & Huang. 2014) =

I\~ SR B RRRIEY A MG

R - Al e A S L6
(heart) ~ Wi B% (lung) - A7 B (liver) - 75 B
(kidnev) ~ LA (muscle) ~ £ (U BG A (brown
adipocyte tissue. BAT) ~ il 520510 (epididymal
fat tissue. EPF) 5 » 43 BN A6 L4 24 g g o
(Saling) #i k% » LAREFEHFE < B 7 ac &% HIRBH R
O ek A POAFRE ALK (wFEEHE S e
W o UL RURITY ~ ol ~ R M P i Bk 22 T 0 > 10%
Fo T B TP [ 5E 24 /NI o 00 S R T s
(trimming) {5 2 Wl iE - ME9T ol g
UIF = B el B a2 (ol b A< A8 0) 1 B8 - Ui
i) dpm L2 ) FEAGE HH HEE $e il (g A 57
SR Y Al T 1 A R 07 B B SR - 2D SR
ilfi BL CCD 9022 ¢ ST S 8l id #%  (BX-51,
Olvmpus, Tokvo. Japan) °

T - et o

Fir A WA L Mean+SEM Zéops » BEAL LB
WS 8 1 o B SAS WEIEGE 1A A il T
W 7 &2 N oy o
variance, ANOVA) » i Il Duncan's test #ll id, 4~ [d]
Ja TR ) I 5 L A 2 A - G LA L SR R
ZREEREH - p < 05 (LERAGHI L2 &
oo WOk o B IR 4l AC A ] e oD AR RE T
TF o #3870 H O & B A7 @I 8 FE (dose
cffect) * [k LL SAS #CHAET P &3 %% 57 #1 (trend

analysis)* I L4 Cochran-Armitage test 677 58 i

58 R

— ~ IRSEDEIIFRETHSEESE - KRR E 2
A
(1 4l alll @ 1 ARl SC~ LV BLE HV
L B TR A 8 A0 160 o Sz AT 1 B - TR 4
AR 00 ek A AT o RSB = L BRI i
5 [l % il 2 I DAY o MR CE B TE - fEREER
M SHINE TN 241 + 04 (SCHD ~ 240+

(one way analvsis of



04 (VL 1) fl24.1 + 03 (VH #l) o - @i R
ﬂiﬁ.%JIi&ﬁzi’ﬁﬁi%E!ﬂH’:tﬂ W o R S W (&

o fEfR LK e AC 8k L SC# - LV #HEL HV #
rﬂ‘wk'“} IH.'.% 50+01-53+05H15.1+02
BETHIREE 0 A TL(EHE fe oI Es 4.1+0.0 -
4.1+ 0.0 F4.0 200 FE/EEEaE A = HIBIAK
oK BB o R R ELEG T (% 2) -

— ~ IREDGIIFREI S MBI D 2 TR3IR

{4 Al fk - A% » SC L~ LV &l ~ HV §H

P ST I @i B R A 7 0 55 95 £ 6116 £ 3126 +

4 (g)= (E LV 3l B HV 310 pif R0 f) 228 45 5 LE

SCAHEIYE W5 L2245 (p = 0068) B2 1.33 1% (p

0002) « {E BB eb « i AT 0 46 B e

I 0 545 1 e o oy T B 2 4R T 0 TERE T 7
Fr LA 22 5 (p < 05) (JF1A) -

= IREDEISEET IR RIS M 70 E B2 /IR

AT+ (ENEE 5% 04 BN BER LR INAL
th+ SC L~ LV HLEE HV 09 £ T SO P U E 1)

BTG 2854025512+ 096 -820+ 1.04
SR e TERF IR SRYERS YR « LV §HEL SC #URIH
W78 = mez; vl HY #HEEEE )
2.88 1% (p=0002)° &P RELS - 6 HY HUTE R sC
SR ke « FLE By fHBE & Ly #l
1 L6 5 (p =.0158) = TEEHES A« w2 hid /)
(1 RS Rl P Y oy A L N 2 B Y+ ok
el b FELH RS 2 (p < .05) (5 1B) -

 IREDEIEREIRRIR SR ELEERZ
4

{E Al I £ A2 - G R I S S A (15
S diibenk) fir A SEHE S FHRE A (L A5 EE- 4
YLI% - NH; -~ CK HI GLU &L « RWFEehs
ol « GEFhEFARE(E SC AL« LV &R HV #HLoTR0ES
74403 ~6.0+02 8162+ 03 mmol/L (IH 2A) : LV
FREL HL FHATRES SC HUFLANEEE SR L T
19% (pp = .0007) K2 16% (p - .0021) = Whifilj## NH; (T
SCHL ~ LV #IRI HY #1573 5053 146 £ 25559 £ 4.1
Bl 57 £ 4.1 pmol/L (I8 2B)- LV §l18d HL #1H# R SC

e Sl ok B ) 2 i Bl 55 2 e )t 37

1 NH; SRR TS L T 59% (p = .0006) Fz 61%
(p = .0004): #lifih# GLU B9 7F SC # - LV #lf0HV
HATINES 201 £6.4 183 £5.3 BT 173 £ 4.8 me/dL ([
2C) + LV #llEd HL #LHMEER SC 41 GLU #YE53 I4A
ENED T 89% (p = .0343) B 13.9% (p = 0019) : {F
Al CK MEETE SC §H-Lv #ILRI HV #7505 442
4 112.7 ~ 287 £ 63.7 Bl 142 £ 61.9 (U/L) (& 2D) » {F
FEI | LV §ILRLHY SRS SC #lMY 1T 36% (p
= 1982) HI145% (p=_1019) + {O{EREG] | Fl0E 5T
A8 (p o 05) ¢ 15 AR, NIRRT A5 )
T (e 5 FTIB nEi Ah { L AR R S 5 o T 5 ) 0L M
[FrES 8 bt R » P ~ NH. BT GLU #rfi iR
ool A AR i o S OO (< .05) 3 {0
At RIS CKORGPEE AL S e g o e
TR (p 05) ¢

Dok e A
_ —..-__

fml

F ;. EUIREEENREILER (A) BIERMD
(B) IFRREBIER) - 3T - M LT FHE @ b)
HEENREBEEER p<.05) BZXFH (ab)
HEENREEEER -

ldn |'r-d-.-
LR LT

(A

IHEL mah s A

10
- L]
§ o
= 4
|
s =]
a:
o (T8 BN
()
1 T
.
g
FRLn]
2
;_.-Il'l'li
=
¥ 5 L

&2 IREEIERY EEEREE TAR  HISER)
FHHMIIECERIFEZEE (A) 2 (lacawe) (B)
M&E (NH) (C) MIE (GLU) () TEN (CK) -
i BRERENTH (o b) ERENERAEBHEE
ERE (p<.05) BRXTH (a b) HEIBNIEERE
=8
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A~ IREDEIFREI NGRS = W A ERR £ 1L
HiEz=E

WA AN #E YD SC - L #LATHY #
AE Y g 52 /D B EE R S B EL OHz ~ 5.6 Hz FI
13 He* BE0ANEEISI) 28 K « 4EiE - il
BT A AR AR R A » AR OB - Ml - AT -
Trbe ~ UL ~ ks (GG ~ 8052 05 G 17 Bt 3% o
W - A 2 B o (F (RS 2 R - TR -
Bk~ LI~ b G lE A ~ e I ek R
1T & FHL Dl fHE 5 5 M (p > 03) = {HTE.Colik |
Uit 1 SC &~ Lv #LA1 =Y # = #fl53 305% 016
+0.001 ~0.13 £0.01 fl0.13 £ 0.004 w2 di » SC #f
HE P e d e AR &y 123 % (o REs p
= 039 B p = 031): (H 74 {18 Bk wie 17 B {14 50 i) o 4H
B Pt 15 2z A1 T 6 o b - ST AR R A
MoT S E RS AR TR - Mk 2 Py
e v o O B 2 FH A T RS I 5 B SC Al
{2 B G S Pl B (p < 08) 5 [SEETE I
fil ek 248 . HELEE o WG ET S LR A o Al R

MR .2 7% (p > 05) ¢
®2
IREIERIARE  FEEEFER R
mE 0 Ly HY Trend analysis
(pvalue)
i 41+l 41+ 41 £iln (TR
{g/mouse/day )
kR 51=01 53«05 S1=020 05241
(il mouse'dayy
PERAME (o) 18704 184203 183:030 04483
BT @) 41204 230204 2412030 10,9021
g ) 0162001 0132001° 0132001° 00769
A (2 028+ 001 0X£001 02810000 09704
8 1204008 124:004 1204004 0 0BG
MR 0364001 035£00] 0364000 05233
AEE i) 0304001 03I0L£001 0314000 06137
el 5] (g) QOF2001 00F7+£00] 007+00] 0,86533
RIREEAS (o7 0272003 0290+003 028003 08675
I (e 065 004" 085+ 002" B554002" LT
] T {15006 1192008 1172004 0.9184
HYeR (%) 5372022 5174009 5002018 0.0130
R o 1472005 1474003 1494003 09809
AR s 126 +=005  L25=042  1.28=0.02 04350
R e) 0312002 030£0.02 0314002 08194
BIMEEEES () 111003 119=012 1Lls=01] {.3327

i NEETENFE b HREAEARMEER
<.05) BRNTFTE (a,b) HEHARRBAERES -

(E 1 7 4 A 2 1 i B A 5 O i AR 4
FIT 15 oz 10037 A0 17 B R A AL 2 b o el i a1 ek
fit HoRs M PE - I 3 Fog o (EIFShBE RS Mt
DI HIBHEER) AST 81 ALT 3047 » BicHl & AST
(il Nl - Az Lv B HY S8R SC #
B FEE 79 13% (p < .05) » TEEH ALT Tidle
Bl AT+ 1 HY SHHTECR SC A EE ¥ Tk
F#7 18% (p — .0118): 5 AT GE §F Ly fie FH R 56 21
{LfaE? BUN Fimr - &G 3w BUN (F he Bl i
ft AZ LV #lEt HV #UHE R SC #UIS 8% FFE
TH 8% (RIS p=.0476 Hl p = .0413): 5 — ]
Gl UL P 455 R B b AL R B K5 i e i SR
CK (¢ Rl il e A2 LV #8 oy #LH R sc
FH 2T HIME T I T 31 % (p = .0250) 833 %
(p = .0205) = Hfth2-{b f5ksE + 40 ALP ~ LDH -
albumin * TBIL - total protein » CREA ~UA~TC »
TG ~ GLU * ALB #4155 551 H iy 824k /7 v F
SC Ml MR 2 (p = .05) =

B 7 ol A AL Ra A o A R 0 B B A
?ET' ﬁ‘ﬂ%’:t'ﬂb:ti'f‘fﬁﬂﬁﬁ'TEH%I W 03l Al e

5 o P R B T 2% R ol M s B Y

h \‘ﬁ-!??a’ » e AL A K R 5% A O 1 B i
il ek ELA LV HUF BV L B2 SC FIL W e ¥
A RS A A SO -

3
BN S BRI £ (ISR

EiLiEm sC LV HV T'de:T:LT”
AST(UL) 67 +3® L S 58 +2% 0010E (1)
ALT (LVL) 44 =3¥ 4] +£2"™ 35 4720 0007 ()
GLU (me/dl) 185 +4 17 3 185 5 0.9201
TP (p/dL) 54 201 585 201 L6 00 1ald
ALB {g/dL) 3% 200 36 101 35 100 03712
TRIL (ug/dl.) 24 &3 23 &2 22 &3 0.5370
CHEA {mg/dL) 03020001 032 4 0001 0314001 03303
BUM (mg/dl.) 280 07" 258 207" 257 08" 00165 (+)

ALP({UL) 401 +14% 388 +3° 413 240 02134
[ gl ) 86 =2 B3 &2 BG %3 09212

L2 (VL) F0¥ 230 339 208 3D £1P 01808

TG (mg/dL) 73 =7 G x4 68 &6 0,636
LA (mg/dL) 10 20, 1.0 200 09 100 03463
CE UML) 172 +18% 118 +15% 116 414" 00302 ()

MBI FEYTS (o b) HALEIENTHESY
<.05)» BREFTH (o b) EOEHENREAEER -



B3 %

{1t Hrt 10D all ke S0 1> L G108 AL BY B GR £ 00 52 3
[~ » Maddalozzo. lwaniec. Turner., Rosen, Fil
Widrick (2008) 45 [ 7138 25 RV Kl 2 W) V100t
Foba B 7E 12 MR ANl /- A T BLTER T E8G
F FER oo k- 25y i A B S R 5 B L
BT (lean body mass) lfi MESG 3 35 4% - %
i 1 e B R 1 5 1 e il N ke L FOFD AU 7
A+ AELTE {10 B U0 1 Bl S MR A AT 0 e 8057 5
S0 BUAR TSR I o (EAD R L Wil
#R T ATl R 2 (3 2y ELAG I S A
s W 2 s (M) o LR BRI A n
S F I e 0y 1108 (10 T 1) A ] PSR (O T B
1 A4 ) » DRI ME L il o B0 R~ M e
LI AL 24 o i 000 i ) 00 ek 2 R0 05 L
“"’5‘ § W B o AU ] = 5L ek I | Bl i A
bt e s SR ALY » e il N 06 A o B 9 Ml £k -
1 5 R ) 24 P B L A IR L A A
A i (e ok J) PR R AR - 5] R R e e
A ol 350+ Mo LR B S R R+ 3 0L o
fily T #4414 e g b - [l B A OE % H‘Ji‘i‘iﬂﬁ]lﬂ
i = (o WL ) Ko 3% 58 77 SF G B BT
(Mahicu et al., 2006) * 1 il A MPHUE9E HF5 H {1 H
b gl il AR T oe] B LT 8 T ) R
(Wang et al., 2014) = P » 11 A= 2008 S F A g 1%
07048 GF A SR ) 2 BLRE  & R IR TE A
Al A AT+ e i 1 e A 2 0 o 2 B B A
(Wl YAy + LR S e i 0 P ) 80 Bk ke ool B2 A
J70E LA B 2 BRI RUBE (p < .05) 0 TE4T Sl
TIRHERN B 1 s il ARSI o B e il 2]
T A T BUERE R I L MR R L AT R
#C L nT $ R R B SR Bk BT AT D A ol i A B
(Bogaerts ct al., 2009) = {£ A9 — (B2 ] e
Rittweger. Mutschelknauss, Bl Felsenberg (2003)
FILFH e 5 Gk o A5 S WL J) o8 8 0 2 3 - Wt
e HEr 45 A e 10 ke ELEE AL 1y g 8 00T T e e )
FHLES 2 < [al e 0y UIRE B O e 155 R0 25 15 0% 42 i)
At 2y S il alll dke o ki o A UL P B i 42 TH
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Abstract

Introduction: Vibration is a novel exercise training methods in recent vears and many studies showed it
could e¢nhance the strength, power and phvsical performance in for all age populations and phvsical
disabilities. In current studies, we try to investigate the effects of whole-bodv vibration training (WBV) on
phvsiological and biochemical characteristics and anti-fatigue phvsiological activities in a mouse model.
Methods: Twentv-four male C37BL/6 mice age 4 wk with SPF (specific pathogen free) certification were
divided randomly into three groups (n = 8 per group): (i) sedentary control (S5C). (ii) WBV at relative
low-intensity (5.6 Hz, 0.13 g) (VL). or (iii) relative high-intensitv (13 Hz, 0.68 g) WBV (VH). Animals of
two vibration groups were subjected to vibration stimulug 13min/day, 5 dayvs/week for 4 weeks. The exercise
performance and exercisc-induced fatigue test were evaluated using forelimb grip strength. endurance
swimming time, exercise-related biochemical variables and pathological evaluation. Statistical differences
among groups were analvzed by a one-wav analysis of variance (ANOVA) and the Cochran-Armitage test
for dosc-effect trend analysis with use of SAS v0.0 (SAS Inst., Carv, NC, USA). p < .05 was considered as
statistical significance. Results: Two WBV groups (the LV and HV groups) showed increased grip strength
and exhaustive endurance time as compared to the SC group. And, WBV also produced dosc-dependent
decreases in scrum lactate, ammonia and glucose levels after a single bout exercise test. In scrum marker
assavs., WBYV also significantly decrcascs the fasting scrum levels of aminotransferases (AST and ALT). CK
{creating kinase) and blood urca mitrogen. Conclusion: The results of the current study suggest that 4-week
WBV can improve exercise performance, anti-fatigue capacity, and has no adverse side effects on clinical
biochemical assessments in health mice. Therefore, we suggest that WBY may have important health
outcome implications as we work to design better exercise programs for gencral health people.

Key words: forelimb grip strength, aerobic edurance, lactate, ammonia, creatine Kinase
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Acute effects of vibration exercise on the grip strength and physiological recovery from
high-intensity intermittent grip exercise

Department of Athletic Performance, National Taiwan Normal University, Taipei, Taiwan;
MU SRR 124531E(2010/09) 98-105

Authors: i #5(Ching-Feng Cheng);ZE {E: {z(Chia-Lun Lee); #i 0l (Yi-Shan Yang)

Abstract

Purpose: The purpose of this study was to investigate the physiological effects of the

vibration exercise during the recovery phase after high-intensity intermittent grip exercise.
Methods: Twelve female colleges voluntarily participated in this repeated measured and
randomly crossover experiment. After maximum voluntary intermittent grip test (5 x reps, 9
1-min rest interval), all subjects were asked to immediately place their forearms on the
BodyGreen vibration platform to perform the non-vibration (5 min, 0 Hz, 0 mm) or
low-frequency vibration (5 min, 12 Hz, £ 3 mm) treatments. Immediately after the treatments,
each subject was requested to perform 1 set of maximum voluntary grip test (6t set) again to
clarify the acute recovery effects of vibration. The blood lactate concentrations and ratings of
perceived exertion (RPE) were measured throughout the experiment. The peak force, mean
force and percent fatigue at each set of maximum voluntary grip test were also analyzed by
grip dynamometer.

Results: There were no significant differences on the peak force, mean force and percent
fatigue in the 6 sets of grip test between two treatments. However, the RPE (vibration vs.
non-vibration, 13.8 £+ 2.1 vs. 143 1+ 2.1, p < .05) and lactate increase ratio (vibration vs.
on-vibration, 125.8 £ 31.1 vs. 161.3 £ 46.0 %, p < .05) at the 6t set of grip test in the
vibration treatment were significantly lower than those in the non-vibration treatment.
Conclusions: These results indicated that the direct, local and low frequency vibration
exercise could not improve the grip performance immediately after the high-intensity
intermittent grip exercise, however, could ameliorate the perception of fatigue and the
metabolic stress.

Key words: direct vibration, lactate, low frequency vibration, mechanical massage
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Drawvidd W, Nadber has spent miost of his 20-year ca
D r reer perfecting his talents in various areas of chi-
mpr'sc:m care and sporns medicine. Also, he has
aggressively sought oul new ways lo help patients—from profession-
al athletes in their prime to 90-year-old “weekend warriors™—with
revolutionary treatments designed o nol only alleviate chronie pain
bt also help patients continue o do the things they love at a high
Jeweed
“With any athlete, myv goal is 1o get thern back on the field as
5000 as possible—it's whal any athbete wanis,” says Dy Madber, whose
practice is based in Newtown Square. "1'm essentially creating a troal-
vent plan and a treatment goal and helping them achieve that in
the shortest period of time.”
Dr. Maddler knows a thing or bwio about keeping athlstes of all sonts
al thve fop of Ltheir game. In his career he has treated professional ath-
letes from many of the area’s lop sports teams, as well as competi-
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. Dt Biaciier conllinues Lo 3ewk
naa ey == Reim pavients allaviate
chromes paie a0 o tha things they love
ot 3 gk vl Mees, he helps a patient
wting Linesar Grssity Plate therapy

1ofs in national and intermational events, such ::J- the X-Games, the
FIFA Women's Workd Cup, and the Men's LLS, National Gold Cup
soccer team. Locally his CV, includes stints as chimpractic physician
for Mational Lacrosse League's Philadelphia Wings; team chiroprac
tic physician for the Philadelphia Barrage of Major League Lacrosse;
teamn physician for e Major Indoor Soceer Leagoe's Philadelphia
Kixx; and one of the team physicians for Arena Frothall's Philadel-
phia Soul

Of course, his patients include people other than professional
alhletes. Even o, e goal & abwvays e same: (0 get thern back 1o
an active, pamn-free hifestyle,

“I have a 90-year-old patient who plays softiball in an active solt-
Ball league; e still hits and runs the bases,” Dr. Nadler savs, “An-
other patient is aboul the same age, and he is a competilive ballroom
dancer who dances five days a week, When vou're active, you keep
the birain muscles intact as well as the muscles in the body, so there



are mulliple benefits of taking advantage of the therapies | offer here.”

In addition to comventional chiropractic and sports-medicine treat-
ments, new highly specialized treatments offered by Dr. Nadler—name-
ly, Radial Shoclowave Therapy, the Graston Technique, Game Ready,
Spinal Decompression and Linear Gravily Plate Therapy—can allevi-
ate pain and otherwise get paticnts back to leeling whole, if not even
hetter than before.

Radial Shockwave Therapy: Known as extracorporeal radi-
al shockwave therapy, this treatment uses a handheld device 1o trans-
mit high-energy acoustic waves through the surface
of the skin and into areas of the body that suffer from
chronic pain. Each treatment, which can cause some
slight but tolerable discomifort, Increases the metabol-
ic activity around the affected area to break up rmita-
thve scar tissue and calcific depasits. Alerward the sur-
rounding area begins to heal with fresh tissue, there-
by reducing the pain or even doing eway with it en-
tirely. Although most patients feel significant resulls af-
ter just & single treatment, Dr. Nadler recommends a
five-treatment protocol 1o fully experience the thera-
pv s benefits,

"It's a much less inva-
sive technique than sur-
gery,” says Dr. Nadler, “Es-
sentially, the treatment s a
controlied fashion of rein-
juring the lissue, which
then allows the body 1o re-
generale newer, healthier
lissue—and with a much
faster outcome [than sur-
geryl. The conditions that are most often
treated vary, from lower-back syndromes,
o frozen shoulders and tennis elbow
and patellar wendinitis, 1o plantar fasciitis
and other (ool issues,”

The Graston Technique: Through
this unique soft-lissue mobilization, Dr.
Nadler uses smooth stainless-steel instruments to effectively break
down scar Hssue and Fascial restrictions, The instruments, which are
shaped to treat different parts of the body, specifically detect and ef-
feviivedy reat sull-tlssue aneas exhibling fbrosts or chronic inflamma-
tion that contribute to musculoskeletal pain—chronic tendonitis,
strain/sprain complex, fasciitis issues, ete. He describes the treatment
as "a little uncomionable, but it's a nice way of breaking up the soft-
tissue lestons and fibrotic tissue, | use it weekly in my practice, and
I typically use it when other traditional therapies have falled.”

Game Ready: Utilizing vasopneumatic compression therapy,
Game Ready takes the RICE (resl, ice, compression, elevation) for edie-
ma management and turmns it up a few notches. “For someone with
a hot ankle that has really blown up, the Game Ready combines in-
termiltent compression with circumierential cold thesapy,” he says.
Described by some as "RICE meets NASA," Game Ready uses a flex-
ible, form:-fitting, spacesuit-technology wrap that can be applied 1o the
ankle, shoulder, elbow, wrist or foot for a 20- 10 25-minute session 1o
significantly reduce swelling,

“Every pro sports team has one of these,” Dr. Nadler says. | call
it an accelerated healing device because it's so effective in reducing
swelling. With a patienl who has a severe sprain of the ankle, | can
ged themn back on the field within a week. The tumaround is a lot quick-

er as opposed to old-school thinking: with the RICE method, they could
be out three weeks (o a month, depending on the severity.”

Vertebral Axial Decompression: . Madler uses a nonsur-
gical, noninvasive treatment known as veriebral axial decompression
(VAX-D) to address patients’ lower-back issues, such as herniated and
degenerative disks, sciatica and failed-back syndrome. This device
apphies distractive force to the patient's back while hamessed to a table,
and the lower hali of table moves away from the midsection,
crealing pressure. Each treatment, which is “very gentle and not un-
comfortable at all,” says Dr. Nadler, generally lasts 30
minutes,

“It does a good job of opening up the interverte-
bral disk spaces, as there might be some hernilation in
there,” he says. “It's an excellent tool to combal low:-
er back pain, with a high success rate of about 80 per-
cent. It can be utilized as a first line of defense or when
ather manual techniques have failed.”

Linear Gravity Plate Therapy: This new-lo-

market treatment is so innovative that Dr.
“e.  Nadler's is the only facility in the Unit-
cd States o offer it. Offering a fornm
of linear whole-body vibration,
the Linear Gravity Plate is a plat-
form that creates mechanical
repelitive movement through
vibrations generated by a pow-
erful motor. The device provides
optimal stretch-reflex pattemns,
while working muscle fibers and
stimulating mechanoreceorns. It can
be used for sports rehabilitation and con-
ditioning programs, though Dr. Nadler de
seribes the applications as *near endless”
to include osteaporosis management and
resolving balance issues,

*You can take any athlete and have
thern mibmie e activity ey do—swing-
ing a bal, taking a slapshol—and this re-
cruits the exact muscles required to do that specific movement,” he
says, “The advantage is thal, literally, there is so much stimulation and
recruitment of muscle tissue that you canlake an hour-long workout
and cut i in half, Decause [Nere are so many voluntary and mvolun
tary muscles recruited 1o slabilize the body. ... With this machine,
which is the only one like it in the U5, | can adjust the increments
of amplitude and frequency and tallor it toward a particular pathent;
there's nothing else like that on the market.”

D, Nadber, who received his doctorate from Pennsylvania College
of Chiropractic in Philadelphia, is a centified chirapractic sports physi-
cian from the American Board of Chiropractic Sports Physicians and
is board certified from the National Board of Chiropractic Examiners.
AMlso, he has been granted diplomate status tarough the Amencan Acad-
emy of Fain Management.

“With a lot of these therapies,” he adds, [ want to offer the besl
modalities | can to my patients, and a lol of these therapies vou can't
find i & tracditional setting. | still have ultrasound, electrical stimula-
tion and other physical-therapy modalities, but what's really unique
about my practice, and whal makes it stand aparl from most olhers,
is that | can offer treatment for everyone fram a weekend warrior o
a pro athlete. These therapies can help toward a pain-free lifestyle and,
in some cases, and much more active, more fulfilling one,” =

AUGUST 2012  Suburban Life 65



