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Abstract : Objectives: The objective of this study was to evaluate the effect of whole body
vibration (WBV) on bone mineral density (BMD) in children with acute lymphoblastic
leukemia. Methods: Forty children with acute lymphoblastic leukemia in the maintenance
phase participated in this study with age range 10 to 14 years. They were randomly allocated
into either study or control groups, study group received WBYV training for 20 weeks, 5
times/week, every session composed of 10 repetitions (30-60 sec) and 1 min rest, peak to peak
displacement 2mm and frequency of 30 HZ plus traditional physiotherapy program. Control
group received the traditional physiotherapy program only. The outcome measure was BMD,
which was assessed by dual-energy X ray absorptiometry. Result: Children in WBV group
showed a significant increase in BMD of L1-L4 and proximal femur compared with that of the
control group post treatment (p > 0.05). Both groups showed a significant increase in  BMD
post treatment compared with that of the pre-treatment (p > 0.001). Conclusion: Adding
WBYV to the treatment program is an effective modality in improving BMD in children with
ALL.

Keywords : Acute Lymphoblastic Leukemia, Whole Body Vibration, Bone Mineral Density,
Osteoporosis.

Introduction

Due to high rates of survival among children with acute lymphoblastic leukemia (ALL), the short-term
repercussions and long-term consequences from the tumor itself or the antineoplastic drugs are being
considered [1,2].

Disease consequences may include neuro-muscular and musculoskeletal intricacies that involve pain,
weaker deep tendon reflexes, diminished sensation, muscle spasms, decreased muscle strength, retarded fine and
gross motor performance, less energy expenditure, limitations of ankle dorsiflexion ROM, learning inabilities,
osteopenia, avascular necrosis and decreased bone density [3,4].
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Children managed for ALL, the most well-known pediatric tumor, are more prone to bone mineral
density (BMD) deficits that may continue to adulthood. The main cause of that may include the malignancy
itself, sex hormone and/or growth hormone (GH) deficiency, radiation, chemotherapy, low vitamin D and
calcium intake, and physical activity reduction [5,6].

Aggregation of bone minerals during childhood is a vital factor that determines the risk of developing
osteoporosis later in life [7]. The decrease in estimated balance of bone mineral content (BMC) during
childhood is one of the main causes that can lead to fractures [8]. Physical activity and mechanical loading are
considered as the best non-pharmacological methods to improve general health and specifically bone size and
density[9].

Whole body vibration (WBYV) is considered as a weight bearing exercise, that provides low magnitude,
and high- frequency mechanical stimuli. WBV is produced by standing on an oscillating platform that generates
sinusoidal vertical vibrations which transmit the force to the body, thus provoking reflexive muscle contraction
and loads the bone [10].

WBY has been examined as a procedure to stimulate calcium deposition in bones [11]. It showed good
results in improving bone size and strength in many experimental trails carried on normal children [12],
children with crippling conditions such as C.P [13], young ladies with decreased bone mass and ladies with
post-menopausal osteoporosis. WBV has likewise revealed an increase in bone density at the spine, tibia, femur,
and forearm [14].

There is little data on the impact of WBYV on bone density of children affected by acute lymphoblastic
leukemia. This study is carried out on children with acute lymphoblastic leukemia to investigate the effect of
Whole body vibration as an alternative and safe technique to enhance the strength of bones and as a treatment
for osteoporosis or osteopenia for these patients.

Materials and Methods
Design of the study

This is a randomized controlled trial. The study was ethically approved by the ethics committee of the
university.Informed consent was obtained from all parents. The patients were randomly allocated into the study
or the control group.

Subjects:

Forty survivor children with acute lymphoblastic leukemia in the maintenance phase of treatment, their
ages ranged from 10: 14 years, were recruited from king Khalid hospital, Najran, Saudi Arabia. The participants
enrolled had an initial BMD below the mean for sex- and age-matched controls and were eligible for
participation and randomization in the intervention trial. They were able to stand and walk normally and to
tolerate vitamin D and calcium supplements.

The exclusion criteria included any contraindications for WBYV as instable bone metastases, acute leg
thrombosis, a fracture in the lower extremities in the past 2 years, foot ulcers, artificial hips or other
osteosynthesis, myocardial infarction, angina pectoris or heart disease within the past six months. Also,
Children requiring chronic glucocorticoid therapy, or pharmacologic agents for reduced BMD other than
calcium or vitamin D, and children with metal implants or spinal deformity that requires bracing were excluded.
Therefore, the participants were assessed clinically prior to randomization.

Randomization

The randomization process was performed using closed envelopes. The investigator prepared 40 closed
envelopes with each envelope containing a card labeled with either study or control group. Finally, each patient
was asked to draw a closed envelope that contains whether they were allocated to group A or group B. The
patients were randomly allocated to either study group (n = 20) or control group (n = 20).
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Intervention

Study group received the treatment for 20 weeks with a protocol that consists of traditional physical
therapy for the children (stretching, aerobic , and strengthening exercise) in addition to WBV on a vibration
platform (Fitvibe medical pro, Uniphy®, Germany). The protocol included 5 sessions/week, every session
composed of 10 repetitions (30-60 s) and 1-min rest, peak-to-peak displacement of 2 mm (peak acceleration
2.5-3.6 g) and frequency 30 Hz. During all sessions, participants wore similar cotton socks only, to standardize
the possible dampening effects of different footwear. The exercises performed were standard squats (knee angle
90-130°) while applying the vibration protocol. The participants were carefully monitored for pain, humbness,
discomfort, redness, itching, or muscle soreness, and the session was discontinued if any of these symptoms
were present.

The control group received the same protocol of the traditional physical therapy intervention as the
study group. They also received sham WBYV by standing on the vibration platform device with the device being
turned off.

Both groups received calcium and vitamin D supplements as recommended by the Children’s Oncology Group
[15].

Measurement

The bone mineral density of the femoral neck and lumbar spine were measured at two time points; pre-
and post-intervention (20 weeks post treatment) using dual-energy x-ray absorptiometry (DXA), which is used
to assess the mineral content of the bone while keeping radiation exposure to a minimum [16], and scanned with
the QDR-Explorer software, pediatric version (Hologic Corp. Software version 12.4, Bedford, MA 01730).
Daily calibration of DXA equipment was performed with a lumbar spine phantom and step densities phantom
following the Hologic guidelines. The assessments in pre- and post-training moments were performed by the
same technician who had been fully trained on the operation of the scanner, the positioning of subjects, and the
analysis of results, according to the manufacturer’s guidelines.

Statistical analysis

T test was conducted for comparing subject characteristics between both groups. Mixed MANOVA was
conducted for comparing BMD pre and post treatment conditions in each group and between groups. Post-hoc
tests using the Bonferroni correction were carried out for subsequent multiple comparison. The level of
significance for all statistical tests was set at p < 0.05. All statistical analysis were conducted through the
statistical package for social studies (SPSS) version 19 for windows (IBM SPSS, Chicago, IL, USA).

Results
Subject characteristics:

Table 1, showed the mean + SD age, weight, and height of study and control groups. There was no
significant difference between both groups in the mean age, weight, and height (p > 0.05).

Table (1): Mean age, weight, and height of study and control groups:

x+SD

Study group Control group t- value p-value
Weight (kg) 28.4 £3.39 29+213 -0.57 0.56*
Height (cm) 132.33 % 2.05 131.93 + 2.65 0.46 0.64*

X, Mean; SD, standard deviation; p-value, level of significance; * Non significant.
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Effect of treatment on BMD:

Mixed MANOVA showed a significant interaction of time x group (F = 16.9, p = 0.0001), a non
significant group effect (F = 0.7, p = 0.5), and a significant time effect (F = 68.32, p = 0.0001).

Between group comparison:

There was no significant difference between the study group and control group in BMD pre-treatment
(p > 0.05). Comparison between study group and control group post treatment revealed a significant increase in
BMD of L1-L4 and proximal femur in the study group compared with that of the control group (p < 0.05).
(table 2, figure 1).

Within group comparison:

There was a significant increase in BMD of L1-L4 and proximal femur of the study and control group
post-treatment compared with pre-treatment (p < 0.01). (table 2, figurel).

Table (2): Mean BMD of L1-L4 and proximal femur pre and post treatment in study and control groups.

Study group Control group Between groups

Pre Post Pre Post Pre Post
BMD (g/cnm?)  [x+SD x+SD Pvalue [x+SD x+SD P value [P value |Pvalue
L1-L4 058+0.17 [0.85+0.1 [0.0001** [0.61 +0.07 [0.72 +0.16 [0.003** [0.51*  |0.02**
fPe"rflﬁ':”a' 057+0.1 [0.75+0.11 [0.0001** [0.59 +0.09 [0.64 +0.12 [0.006** |0.64* |0.01**

X, Mean; SD, standard deviation; p-value, level of significance; * Non significant; ** Significant
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Figure (1). Mean BMD of L1-L4 and proximal femur pre and post treatment in study and control groups

Discussion

The 5-year incidence of musculoskeletal complications through or after the treatment of ALL is 32.7%
and the relative risk of fractures, according to age and gender, is 2.03 compared to the reference data of the
general Practice Research Database of the United Kingdom. Childhood cancer survivors are highly vulnerable
to musculoskeletal complications as they are affected at the period of achievement of peak bone density [17]
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The earlier the therapy for bone loss, the greater the benefits for the children, as the peak bone density
is acquired during teenage years and present a basis for bone strength, quality and integrity later on in life
[18, 19].

It is known that mechanical stimulation helps bone tissue to remain healthy [20]. Along with the force
of gravity, muscular power and ground stress reaction forces, which are the main forces that are empowered
daily via the human skeleton, and so, share in bone building and re-building. This subsequently leads to an
increase in bone mass combined with an increase in physical activity [21].

The impact of WBV on bone tissue metabolism was previously investigated in children with physical
health problems involving D.M, idiopathic osteoporosis, C.P, or muscular atrophy [22, 23]. Post therapy
outcomes for those two studies reported a significant increase in trabecular (2.1%; 6.2%) and cortical (3.4%;
2.1%) BMD in contrast to control groups when utilizing a mechanical vibratory stimulus.

Abercromby and colleagues [23, 24] investigated the transmission of WBV through the skeleton
utilizing two vibration platforms: the main one was the perpendicular vibration equipment similar to the one
utilized in our study while the other was the rotational vibration equipment. Upon utilizing an accelerometer
connected to a bite bar, they demonstrated that an effective amount of vibration was passed from the plate to the
head. More transmission was confirmed to pass through the skeleton by utilizing the main perpendicular
vibration machine than the rotational one. With time, the passage of mechanical power from WBV can be
beneficial.

The results of this study showed that training for 20-weeks with whole body vibration plus conventional
treatment improved the BMD in children with ALL in comparison with conventional treatment only.

The results of this study are supported by previous studies that showed the anabolic effect of WBV on
BMD in children with compromised bone such as Down syndrome, idiopathic scoliosis, children with thermal
injury, and cerebral palsy. Slatkosvka et al., [25 ] in their meta-analysis concluded that WBYV could be effective
in children and adolescents with compromised bone. Dalen et al., [ 26] showed that WBYV increased bone
mineral content in both legs and the lumbar spine in children with cerebral palsy. Edionwe et al., [27]
concluded that the use of WBYV in combination with exercise may help decrease regional bone loss in children
recovering from burns than the use of exercise alone. Matute-Llorente et al., [28] concluded that a 20-week
WBYV might be useful to improve subtotal bone mineral content and density in adolescents with down
syndrome.

There are many probable explanations for the experimental outcomes that State that whole body
vibration has a positive effect on bone building, and different fluid composition intermixed within the
intratrabecular space in bone. Bone marrow is the main fluid component, but blood, lymph cells, and interstitial
fluid also exist in different quantities. Dynamic loading causes fluid flow in the bone's structural network,
which creates shear forces on the plasma membranes of existing osteocytes, osteoblasts, and bone lining cells.
Bone tissues are highly affected by fluid shear forces [29- 31].

Increased bone density following mechanical input can be explained as an adaptation response of
skeletal system to the amount of physical activity exerted [29, 32]. Frost [33] reported that the mechanical input
must produce a heavy stress in order to affect bone morphology. Osteogenic impact of vibration therapy is
proven, although, the mechanism underlying it have not been fully explained yet. It is proposed that the
vibrations trigger micro injury in the bone which is repaired by the osteoblasts. [34].

WBYV input also influences bone rebuilding in an indirect way via the response of the endocrine system.
As reported in some preceding participated in this study. The beneficial effects of testosterone on bone density
were observed in the lumbar spine, hips and forearm in healthy males and females [36, 37].

The bone's response to WBY might be the result of a direct reaction inside the bone tissue itself to
pressure force or via muscle; either by contractions which stress the bone or because of more muscle mass and/
or force exerting stresses on the bone. Increased muscle activity and blood flow as a result of WBV has been
stated in many researches [38, 39].
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The mechanism by which WBYV treatment works can be indicated by changes that take place in blood
flow. There is a positive relationship between blood flow and muscle oxygenation. During physical activities,
blood flow increases to the muscles to cope with the elevated demand for oxygen and to remove accumulated
carbon dioxide and hydrogen ions. By Utilizing near-infrared spectroscopy (NIRS), several studies [30, 41]
reported that WBV could stimulate peripheral blood circulation. Energy can be decreased by ischemia as
oxygen acts as the final electron receptive in the electron transport chain.

The design of WBYV protocol used in this study was based upon the recommendations of the previous
studies which showed improvement in BMD using the following parameters : 10-20 minutes at least three
times per week, for a minimum of 20 weeks, with low amplitude (less than or 4 mm of peak-to-peak
displacement) and high frequency (15 : 35 Hz) [42].

The vibration might cause some side effects like low back pain, hearing loss, white finger diseases, and
blurred vision [43] . Therefore the measures of exposure to vibration with high-magnitude emphasize on use
with caution, especially to those with a high risk of fracture [44]. According to the standards for human
exposure to vibration of International Organization for Standards (1SO)-2631 the intensity and frequency used
in this study is safe up to 4 hours per day [45]. In addition to animal models of cancer, vibration didn't
exacerbate the disease or compromise survival. This suggests that mechanical vibration doesn't result in
malignant disease progression [46]. Finally, during this study, no adverse effects associated with WBV were
observed.

The limited number of participating children is a limitation in this study. Previously reported WBV
studies in children do not, however, comprise large study groups.

In conclusion, WBYV therapy for low BMD during maintenance phase in children with ALL appears to
be safe and effective. Further studies on a larger population are needed to evaluate the long-term outcomes and
safety.

Acknowledgements

The authors would like to thank the participating children, their parents for their enthusiasm and
patience, and the hospital staff.

References

1. Wu MY, Hu YM. Leukemia. In: Hu YM, Jiang ZF, editors. Zhu futang practice of pediatrics. People's
medical publishing house Co., Ltd.; Beijing: 2015. pp. 2351-2351

2. Armstrong GT, Kawashima T, Leisenring W, Stratton K, Stovall M, Hudson MM, Sklar CA, Robison
LL, Oeffinger KC. Aging and risk of severe, disabling, life-threatening, and fatal events in the
childhood cancer survivor study. Journal of clinical oncology. 2014 Mar 17;32(12):1218-27.

3. Oeffinger KC, Mertens AC, Sklar CA, Kawashima T, Hudson MM, Meadows AT, Friedman DL,
Marina N, Hobbie W, Kadan-Lottick NS, Schwartz CL. Chronic health conditions in adult survivors of
childhood cancer. New England Journal of Medicine. 2006 Oct 12;355(15):1572-82.

4, Ness KK, Kaste SC, Zhu L, Pui CH, Jeha S, Nathan PC, Inaba H, Wasilewski-Masker K, Shah D, Wells
RJ, Karlage RE. Skeletal, neuromuscular and fitness impairments among children with newly diagnosed
acute lymphoblastic leukemia. Leukemia & lymphoma. 2015 Apr 3;56(4):1004-11.

5. Gurney JG, Kaste SC, Liu W, Srivastava DK, Chemaitilly W, Ness KK, Lanctot JQ, Ojha RP, Nottage
KA, Wilson CL, Li Z. Bone mineral density among long-term survivors of childhood acute
lymphoblastic leukemia: Results from the St. Jude Lifetime Cohort Study. Pediatric blood & cancer.
2014 Jul 1;61(7):1270-6.

6. Watsky MA, Carbone LD, An Q, Cheng C, Lovorn EA, Hudson MM, Pui CH, Kaste SC. Bone turnover
in long-term survivors of childhood acute lymphoblastic leukemia. Pediatric blood & cancer. 2014 Aug
1;61(8):1451-6.

7. Klibanski A, Adams-Campbell L, Bassford T, Blair SN, Boden SD, Dickersin K, Gifford DR, Glasse L,
Goldring SR, Hruska K, Johnson SR. Osteoporosis prevention, diagnosis, and therapy. Journal of the
American Medical Association. 2001 Feb 14;285(6):785-95.


https://link.springer.com/article/10.1007/s00198-015-3159-1#CR18

Amr B. Salama et a/ /International Journal of ChemTech Research, 2018,11(06): 43-50. 49

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Clark EM, Ness AR, Bishop NJ, Tobias JH. Association between bone mass and fractures in children: a
prospective cohort study. Journal of bone and mineral research. 2006 Sep 1;21(9):1489-95.

Rubin C, Xu G, JUDEX S. The anabolic activity of bone tissue, suppressed by disuse, is normalized by
brief exposure to extremely low-magnitude mechanical stimuli. The FASEB Journal. 2001 Oct
1;15(12):2225-9.

Rittweger J. Vibration as an exercise modality: how it may work, and what its potential might be.
European journal of applied physiology. 2010 Mar 1;108(5):877-904.

Ducher G, Bass SL, Saxon L, Daly RM. Effects of repetitive loading on the growth-induced changes in
bone mass and cortical bone geometry: A 12-month study in pre/peri-and postmenarcheal tennis
players. Journal of bone and mineral research. 2011 Jun 1;26(6):1321-9.

Harrison R, Ward K, Lee E, Razaghi H, Horne C, Bishop NJ. Acute bone response to whole body
vibration in healthy pre-pubertal boys. Journal of musculoskeletal & neuronal interactions. 2015
Jun;15(2):112.

Kilebrant S, Braathen G, Emilsson R, Glansén U, Séderpalm AC, Zetterlund B, Westerberg B,
Magnusson P, Swolin-Eide D. Whole-body vibration therapy in children with severe motor disabilities.
Journal of rehabilitation medicine. 2015 Mar 5;47(3):223-8.

Bemben DA, Palmer 1J, Bemben MG, Knehans AW. Effects of combined whole-body vibration and
resistance training on muscular strength and bone metabolism in postmenopausal women. Bone. 2010
Sep 1;47(3):650-6.

Children's Oncology Group, Children's Oncology Group. Long-term follow-up guidelines for survivors
of childhood, adolescent, and young adult cancers. Arcadia, CA: Children's Oncology Group. 2008 Oct.
Hoorweg-Nijman JJ, Kardos G, Roos JC, van Dijk HJ, Netelenbos C, Popp-Snijders C, de Ridder CM,
Delemarre-van de Waal HA. Bone mineral density and markers of bone turnover in young adult
survivors of childhood lymphoblastic leukaemia. Clinical endocrinology. 1999 Feb 1;50(2):237-44.
Hogler W, Wehl G, van Staa T, Meister B, Klein-Franke A, Kropshofer G. Incidence of skeletal
complications during treatment of childhood acute lymphoblastic leukemia: comparison of fracture risk
with the General Practice Research Database. Pediatric blood & cancer. 2007 Jan 1;48(1):21-7.

Kim SD, Cho BS. Pamidronate therapy for preventing steroid-induced osteoporosis in children with
nephropathy. Nephron Clinical practice. 2006;102(3-4):c81-7.

Haddy TB, Mosher RB, Reaman GH. Osteoporosis in survivors of acute lymphaoblastic leukemia. The
oncologist. 2001 Jun 1;6(3):278-85.

Snow-Harter C, Bouxsein ML, Lewis BT, Carter DR, Marcus R. Effects of resistance and endurance
exercise on bone mineral status of young women: a randomized exercise intervention trial. Journal of
Bone and Mineral Research. 1992 Jul 1;7(7):761-9.

Ward K, Alsop C, Caulton J, Rubin C, Adams J, Mughal Z. Low magnitude mechanical loading is
osteogenic in children with disabling conditions. Journal of Bone and Mineral Research. 2004 Mar
1;19(3):360-9.

Pitukcheewanont P, Safani D. Extremely low-level, short-term mechanical stimulation increases
cancellous and cortical bone density and muscle mass of children with low bone density: a pilot study.
The Endocrinologist. 2006 May 1;16(3):128-32.

Abercromby AF, Amonette WE, Layne CS, Mcfarlin BK, Hinman MR, Paloski WH. Vibration
exposure and biodynamic responses during whole-body vibration training. Medicine and science in
sports and exercise. 2007 Oct 1;39(10):1794.

Slatkovska L, Alibhai SM, Beyene J, Cheung AM. Effect of whole-body vibration on BMD: a
systematic review and meta-analysis. Osteoporosis international. 2010 Dec 1;21(12):1969-80

Dalén Y, Saaf M, Nyrén S, Mattsson E, Haglund-Akerlind Y, Klefbeck B. Observations of four
children with severe cerebral palsy using a novel dynamic platform. A case report. Advances in
Physiotherapy. 2012 Sep 1;14(3):132-9.

Edionwe J, Hess C, Fernandez-Rio J, Herndon DN, Andersen CR, Klein GL, Suman OE, Amonette
WE. Effects of whole-body vibration exercise on bone mineral content and density in thermally injured
children. Burns. 2016 May 1;42(3):605-13.

Matute-Llorente A, Gonzalez-Agliero A, Gémez-Cabello A, Tous-Fajardo J, Vicente-Rodriguez G,
Casajus JA. Effect of whole-body vibration training on bone mass in adolescents with and without
Down syndrome: a randomized controlled trial. Osteoporosis International. 2016 Jan 1;27(1):181-91.



Amr B. Salama et a/ /International Journal of ChemTech Research, 2018,11(06): 43-50. 50

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Abercromby AF, Amonette WE, Layne CS, Mcfarlin BK, Hinman MR, Paloski WH. Variation in
neuromuscular responses during acute whole-body vibration exercise. Medicine & Science in Sports &
Exercise. 2007 Sep 1;39(9):1642-50.

Rubin C, Turner AS, Mallinckrodt C, Jerome C, McLeod K, Bain S. Mechanical strain, induced
noninvasively in the high-frequency domain, is anabolic to cancellous bone, but not cortical bone.
Bone. 2002 Mar 1;30(3):445-52.

Hakim RM, Grabo JR. Exercise mandate. In: Gueldner SH, Grabo TN, editors. Osteoporosis Clinical
Guidelines for Prevention, Diagnosis and Management. 1st edition. New York, NY, USA: Springer;
2008. p. p. 118.

Rubin C, Recker R, Cullen D, Ryaby J, McCabe J, McLeod K. Prevention of postmenopausal bone loss
by a low-magnitude, high-frequency mechanical stimuli: a clinical trial assessing compliance, efficacy,
and safety. Journal of Bone and Mineral Research. 2004 Mar 1;19(3):343-51.

Rodrigues HC, Coelho PG, Fernandes PR. Multiscale Modelling of Bone Tissue—Remodelling and
Application to Scaffold Design. InAdvances on Modeling in Tissue Engineering 2011 (pp. 15-33).
Springer, Dordrecht..

Frost HM. Skeletal structural adaptations to mechanical usage (SATMU): 1. Redefining Wolff's law:
the bone modeling problem. The Anatomical Record. 1990 Apr 1;226(4):403-13.

Burr DB, Martin RB, Schaffler MB, Radin EL. Bone remodeling in response to in vivo fatigue
microdamage. Journal of biomechanics. 1985 Jan 1;18(3):189-200.

Bosco C, lacovelli M, Tsarpela O, Cardinale M, Bonifazi M, Tihanyi J, Viru M, De Lorenzo A, Viru A.
Hormonal responses to whole-body vibration in men. European journal of applied physiology. 2000
Mar 1;81(6):449-54.

Murphy S, Khaw KT, Cassidy A, Compston JE. Sex hormones and bone mineral density in elderly
men. Bone and mineral. 1993 Feb 1;20(2):133-40.

Greendale GA, Edelstein S, Barrett-Connor E. Endogenous sex steroids and bone mineral density in
older women and men: the Rancho Bernardo Study. Journal of Bone and Mineral Research. 1997 Nov
1;12(11):1833-43.

Cochrane DJ, Loram ID, Stannard SR, Rittweger J. Changes in joint angle, muscle-tendon complex
length, muscle contractile tissue displacement, and modulation of EMG activity during acute
whole-body vibration. Muscle & nerve. 2009 Sep 1;40(3):420-9.

Maloney-Hinds C, Petrofsky JS, Zimmerman G. The effect of 30 Hz vs. 50 Hz passive vibration and
duration of vibration on skin blood flow in the arm. Medical Science Monitor. 2008 Feb
27;14(3):CR112-6.

Cardinale M, Ferrari M, Quaresima V. Gastrocnemius medialis and vastus lateralis oxygenation during
whole-body vibration exercise. Medicine and science in sports and exercise. 2007 Apr 1;39(4):694.
Games KE, Sefton JM. Whole-body vibration influences lower extremity circulatory and neurological
function. Scandinavian journal of medicine & science in sports. 2013 Aug 1;23(4):516-23.
Matute-Llorente A, Gonzalez-Agiiero A, Gomez-Cabello A, Vicente-Rodriguez G, Mallén JA. Effect of
whole-body vibration therapy on health-related physical fitness in children and adolescents with
disabilities: a systematic review. Journal of Adolescent Health. 2014 Apr 1;54(4):385-96.

Bernard B, Nelson N, Estill CF, Fine L. The NIOSH review of hand-arm vibration syndrome: vigilance
is crucial. Journal of occupational and environmental medicine. 1998 Sep 1;40(9):780-5.

Muir J, Kiel DP, Rubin CT. Safety and severity of accelerations delivered from whole body vibration
exercise devices to standing adults. Journal of science and medicine in sport. 2013 Nov 1;16(6):526-31.
International Organization for Standardization. 1SO 2631-1:1997(in) Mechanical vibration and shock—
Evaluation of human exposure to whole-body vibration—Part 1: General requirements. 1997,
http://www.iso.org/iso/catalogue_detail.htm?csnumber=7612. Accessed October 15, 2015.

Pagnotti G, Adler B, Chan M, Korman M, Shroyer KR, Rubin C. Osteopenia and Osteolysis Resulting
from Multiple Myeloma Partially Suppressed through Low Intensity Mechanical Signals. In JOURNAL
OF BONE AND MINERAL RESEARCH 2014 Feb 1 (Vol. 29, pp. S375-S376). 111 RIVER ST,
HOBOKEN 07030-5774, NJ USA: WILEY-BLACKWELL.

Xk %k Xk %k k



