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Abstract

Introduction. To evaluate the effect of whole-body vibration on low bone mineral density in post-burn patients.

Methods. Thirty male post-burn patients were randomly divided into 2 groups. The study group received an intervention of
whole-body vibration with following parameters: 30 Hz as vibration frequency, 4-7 mm as amplitude range, and 2.28 g as an
acceleration, 3 times per week, 24 weeks, in addition to traditional physiotherapy (exercise program). The control group received
traditional physiotherapy (exercise program) only. All patients in both groups were subjected to dual-energy X-ray absorptiometry
before and after treatment to estimate the bone mineral density in the lumbar region.

Results. There were significant increases in bone mineral density mean values in both groups (p < 0.05). Also, there was a signifi-
cant increase in bone mineral density mean value in the study group compared with the control group (p < 0.05).
Conclusions. Whole-body vibration may have a beneficial effect on low bone mineral density in post-burn patients.
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Introduction

Destruction of the skin by a burn injury facilitates the en-
trance of external pathogenic microorganisms to the blood-
stream and stimulates a systemic inflammatory reaction, in
turn leading to the production of inflammation-related cyto-
kines by mononuclear cells of peripheral blood [1]. This al-
lows myelopoietic bone marrow production [2], maintains the
inflammatory response, and encourages osteoblast produc-
tion of the RANK ligand, which plays a role in the differen-
tiation of bone marrow stem cells and increases osteoclas-
togenesis. During severe burns, more than 7% of the vertebral
bone mineral density (BMD) is lost within 3-6 weeks of the
injury and about 3% of the total body bone content is lost
during the first 6 months after the injury [3].

It is thought that trabecular bone may be more affected
than cortical bone so vertebrae are more affected as they
are mainly composed of trabecular bone. Immobilization is
also a contributing factor for bone loss [4]. The mechanism is
not very clear but it may be related to an increase of the sym-
pathetic tone, which could be part of the stress response [1].

Stress response associated with severe burns increases
serum levels of protein, cortisol, and catecholamines, as well
as insulin resistance, which activates beta-2 adrenergic recep-
tors that stimulate the RANK ligand production [5]; these
are the main causes of skeletal, muscle, and protein catabo-
lism [6].

The upregulation of the parathyroid sensitive calcium re-
ceptor by inflammation-related cytokines such as tumour
necrosis factor alpha and interleukin 1 is accompanied by
changes in calcium metabolism and bone matrix quality. These
pathological changes are thought to be responsible for hy-
percalciuria, hyperparathyroidism, and sequelae [7].

Vitamin D deficiency is common in burn patients and con-
sidered as another factor contributing to osteopenia, BMD
reduction, and increased fracture incidence in children after

severe thermal damage [1, 7]. It is maintained that post-burn
bone loss may also affect adults [8].

The risk of bone fractures is higher in patients with osteo-
porosis, which increases the morbidity and mortality rate.
Currently, the treatment for low bone density is mainly phar-
macological. The need for lifelong management, minor side
effects, and costs enforce researchers to investigate other
treatments. In the treatment of osteoporosis, physiotherapy
can improve the patient’s life quality and decrease the falling
risk, reducing the related fracture incidence [9]. Although ther-
apeutic exercise is considered as a strategy widely used to
enhance muscle strength and flexibility and prevent bone
loss, there are contradictory results between different forms
of exercise [10]. Physical activity safety is an important as-
pect of treating patients with osteoporosis because of the
increased risk of falling [11].

Whole-body vibration (WBV) occurs when the mechani-
cal vibrations which are generated in the platforms are trans-
mitted to the patient’s body. WBV is considered as a safe
type of physical activity [12]. There are, though, inconsisten-
cies in the literature for the effects of WBV on BMD [13], and
the protocols are not uniform owing to different mechanical
vibration parameters used and other physical parameters;
moreover, mechanical vibration impact may vary depend-
ing on posture and anatomy [14]. Also, in some previous
studies, combined treatment with drugs and WBV exercise
was tested [15]. As there are no studies concerning the role
of physiotherapy in osteoporosis after burn, and from the
above-mentioned WBV-related issues, the purpose of this
study was to evaluate the effectiveness of WBV on low BMD
after burn, taking in consideration no drug taking during treat-
ment, one postural attitude, and one region test assigned; the
lumbar region was under test from the vertical upright pos-
ture during the whole study treatment.
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Subjects and methods
Subjects
Inclusion criteria

Thirty male post-burn patients who met the study inclu-
sion criteria throughout medical reports prepared by physical
therapists in the burn unit and agreed to participate in the
study were referred from the burn unit in Al Nour Specialist
Hospital in Mecca, Saudi Arabia to the physiotherapy de-
partment in the same hospital. Post-burn patients were
25-50 years old and had thermal burn injuries of 2-3 de-
gree extended from the lower area of trunk to the lower ex-
tremities, and with the affected total body surface area of
30-45%. In the early burn stage (30—45 days in burn units), all
patients were subjected to a unified physical therapy pro-
gram consisted of positioning, range of motion, and gentle
stretching exercises.

Exclusion criteria

Patients with the following criteria were excluded: any
history of endocrine, metabolic or other systemic diseases;
prior or ongoing supplementation with calcium; previous or
current bone-specific drugs or diseases affecting bone me-
tabolism; smoking; any neurogenic disorder impairing sen-
sory or motor function; use of drugs known to affect the cen-
tral nervous system or equilibrium; previous brain injury or any
disease affecting balance; history of epilepsy; previous or ha-
bitual high-intensity exercise; lower extremity arthralgia; lower
extremity implant; recent surgeries for heart or spine; cancer;
hernia; acute thrombosis; kidney or bladder stones; diabe-
tes; serious cardiovascular or cerebrovascular disease.

Initial evaluation

Allincluded patients were referred to the evaluation room
at the physical therapy department at Al Nour Specialist
Hospital in Mecca, Saudi Arabia for determination of BMD
and T-score of the lumbar vertebrae. The bone mineral den-
sity test was performed by using dual-energy X-ray absorp-
tiometry (DXA) (Hologic Discovery DXA scanner, USA). After
the DXA assessment, T-scores and BMD (g/cm?) values were
collected. T-score values ranging from -1 to < —2.5 were
considered as low BMD, as explained in Table 1.

Randomization

The study was a randomized controlled study. After the
initial evaluation, the patients were randomly distributed into
2 groups. The WBYV group were subjected to training on
a platform of vibration (Power Plate International, Irvine, CA,
USA) in addition to a traditional physical therapy program
(exercise program), and the control group received the same
traditional physical therapy program (exercise program) with-
out vibration.

Treatment intervention
Whole-body vibration training

In the WBV group, the training program started with indi-
vidual supervision and instruction for each patient on how to
use the WBV platform. The program of gradual training was
divided into 3 time intervals; each time, an additional set was
added [16]. The 15t time (15 8 weeks) consisted of 2 sets/
session, 3 sessions/week, and a total duration of each session
was 10 min. The 2" time (2™ 8 weeks) consisted of 3 sets/
session, 3 sessions/week, and a total duration of each ses-
sion was 15 min. The 3 time (3™ 8 weeks) consisted of 4 sets/
session, 3 sessions/week, and a total session duration was
20 min. Each set time was 5 min; the total rest duration be-
tween the exercise sets were equal to the total exercise du-
ration. The frequency of vibration was set at 30 Hz [17-20]
throughout the whole study, with the amplitude produced
ranging from 4 to 7 mm [21] (4-5 mm of vibration amplitude
in the 15t 8 weeks, 5-6 mm in the 2™ 8 weeks, and 6-7 mm
in the 3 8 weeks) [19]. The vibration acceleration equalled
2.28 g [18, 20].

Traditional physiotherapy program (exercise program)

Both the study group and the control group received grad-
ual exercise program selected from a previous study [22]
(range of motion exercise, stretching exercise for lower limb
and back muscles, ambulance exercises, isotonic and iso-
metric exercises for trunk and lower limbs). Since discharg-
ing from the burn unit till the end of the study treatment in
each time, each patient executed the following package of
regional gradual exercises 3 times/week:

— Trunk exercises: graduated exercises of trunk flexion-
extension, lateral flexion and rotation exercises, bridge ex-
ercises, and graduated ambulance exercises.

Table 1. Patients’ demographic and baseline data

Characteristics WBYV group (n = 15) (mean + SD) Control group (n = 15) (mean + SD)
Age (years) 34.9 +8.1 37.8+9.3
Gender Male Male
BMI (kg/m2) 2426 +2.9 258+4.5
T-score (-1 to < -2.5) -2.19 £ 0.68 -2.24 £ 0.71
Osteopenia (T-score: —1 to —2.5) 8 patients 8 patients
Osteoporosis (T-score: < —2.5) 7 patients 7 patients
BMD (g/cm?) 0.83 +0.08 0.82 + 0.09
Time in the burn unit (days) 37.53 +4.80 36.86 + 5.31
TBSA affected 30-45% 30-45%
Degree of burn 2nd_3rd 2nd_3rd

WBYV — whole-body vibration, BMI — body mass index, BMD — bone mineral density, TBSA — total body surface area
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— Hip exercises: isometric hip exercises (abduction, ad-
duction, extension, and flexion), passive range of motion ex-
ercises graduated to active-assisted and then to active ex-
ercises, graduated stretching and strengthening exercises
for hip muscles.

— Knee exercises: isometric knee exercises, passive range
of motion exercises graduated to active-assisted and then
to active exercises, graduated strengthening and stretch-
ing exercises.

— Ankle exercises: passive range of motion exercises
graduated to active-assisted and then to active exercises,
graduated strengthening and stretching exercises, mobili-
zation exercises for the tarsal and metatarsal joint.

All exercise guidelines and parameters (type, duration,
and intensity) for all patients were checked for avoiding any
discrepancies between the 2 groups and all participants were
asked not to train during the rest of the week.

Follow-up evaluation

After 24 weeks (6 months) of treatment, the lumbar region
of each patient was re-assessed with DXA to measure BMD.

Statistical procedures

After collecting the outcome measures, the SPSS program
(v. 16) was used for the analysis. Means and standard de-
viations were estimated. Unpaired f-test and paired t-test
were utilized to compare mean values between groups and
within groups, respectively. Where the value of p was less
than 0.05, the differences between means were considered
significant.

Ethical approval

The research related to human use has complied with all
the relevant national regulations and institutional policies,
has followed the tenets of the Declaration of Helsinki, and
has been approved by the Ethics Committee of the Faculty
of Physical Therapy, Cairo University.

Informed consent
Informed consent has been obtained from all individuals
included in this study.

Results
Initial evaluation results

Thirty post-burn male patients who suffered from low
BMD were included in this study and randomly assigned to
2 equal groups: the WBV group and the control group. The
demographic and baseline data for both groups were pre-
sented in Table 1. The mean value of age was 34.9 + 8.1
years in the WBV group and 37.8 + 9.3 years in the control
group. Mean body mass index equalled 24.26 + 2.9 kg/m?
in the WBV group and 25.8 + 4.5 kg/m? in the control group.
T-score mean value was -2.19 + 0.68 in the WBV group
and -2.24 + 0.71 in the control group. Both groups had an
equal number of patients with osteopenia (8 patients with
T-scores ranging from —1 to —2.5), as well as an equal number
of patients with osteoporosis (7 patients with T-scores < —2.5).
Mean BMD was 0.83 + 0.08 g/cm? in the WBV group and
0.82 + 0.09 g/cm?in the control group. Also, Table 1 men-
tioned data related to the thermal burn. The mean time of the
early phase of thermal injury in the burn unit lasted 37.53 +
4.80 days in the WBV group and 36.86 + 5.31 days in the
control group, the total burn area ranged from 30% to 45%
in both groups, and the burn degree ranged from the 2" to
the 3 in both groups. There were no significant differences
between the groups considering all patients’ demographic
or baseline data (p > 0.05).

Follow-up evaluation results
Within groups
As shown in Table 2 and Figure 1, there were significant

increases in BMD in both groups. The mean BMD value pre-
sented a highly significant change from 0.83 + 0.08 g/cm?

Table 2. Comparison of mean bone mineral densities within groups and between groups

BMD: BMD: ¢
WBV group control group p
Before treatment 0.83 + 0.08 g/cm? 0.82 + 0.09 g/cm? 0.36 0.72
After treatment 1.05 £ 0.11 g/cm? 0.89 + 0.08 g/cm? < 0.001 4.2
P < 0.001 < 0.001
t -7.9 5.77
BMD — bone mineral density, WBV — whole-body vibration
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Figure 1. Mean bone mineral densities in both groups
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Table 3. Comparison of mean T-scores within groups and between groups

T-score: T-score:
WBYV group control group p t
Before treatment -2.19+0.68 —2.24 £ 0.71 0.85 0.94
After treatment -1.58 + 0.65 —2.08 + 0.67 0.049 -2.05
P < 0.001 0.001
t -10.1 -4.5

WBY — whole-body vibration
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Figure 2. Mean T-scores in both groups

before treatment to 1.05 + 0.11 g/cm? after treatment in the
WBYV group (p < 0.001) and from 0.82 + 0.09 g/cm? before
treatment to 0.89 + 0.08 g/cm? after treatment in the control
group (p < 0.001). As demonstrated in Table 3 and Figure 2,
a highly significant change of T-score mean value was ob-
served from —2.19 + 0.68 before treatment to —1.58 + 0.65
after treatment in the WBV group (p < 0.001), and there was
a significant change of mean T-score from —2.24 + 0.71 be-
fore treatment to —2.08 + 0.67 after treatment in the control
group (p = 0.001).

Between groups

As demonstrated in Table 2 and Figure 1, there was a sig-
nificant between-group difference in mean BMD after treat-
ment: the value equalled 1.05 + 0.11 g/cm? in the WBV group
and 0.89 + 0.08 g/cm? in the control group (p < 0.001). As
presented in Table 3 and Figure 2, there was a significant
between-group difference in mean T-scores after treatment:
the value equalled —1.58 + 0.65 in the WBV group and —2.08
+ 0.67 in the control group (p = 0.049).

Discussion

After 6 months of treatment, lumbar spine (L2-L4) BMD
significantly increased in both patient groups (all p < 0.01).
As an indicator for BMD improvement throughout the body,
the increase in lumbar spine BMD was higher in the WBV
group than in the control group (p < 0.001), which may be
attributed to the WBV treatment.

There are some discrepancies and conflicting results in
the literature related to using WBV training on low BMD, and
the causes for these results can be explained as follows. Re-
gardless of the total number of sessions, there is a positive
relationship between the total time that subjects are placed
on the platform of WBV (cumulative dose) and the BMD im-
provement [17, 23]. So, a significant improvement in BMD

is more relevant to the training session number per week.
Also, BMD improvement with WBV may depend on several
other factors, such as amplitude, loading frequency, and rest
periods, which may interact with one another [24].

In the current study, WBV with frequencies of more than
20 Hz and amplitude ranging from 4 to 7 mm resulted in an
improvement of lumbar spine BMD. This is consistent with
previous studies which indicated that the training stimulus
was not effective when frequencies below 20 Hz were ap-
plied [25, 26]. Also, efficient transfer of energy to the spine
required a smaller amplitude of vibrating stimuli with high
frequency. Therefore, the use of frequencies of more than
20 Hz is recommended [27]. This is also consistent with oth-
er studies that resulted in statistical improvements in long
sessions [28, 29].

In several previous studies, a BMD improvement was
observed after WBV [17, 28], while no post-treatment im-
provement with WBV was shown by others [30, 31]. Ruan
et al. [28] observed an increase of 4.3% in the lumbar spine
BMD and an improvement of 3.2% in the femoral neck BMD
after 6 months of treatment with WBV. Karakiriou et al. [32]
reported no change in the lumbar spine BMD in the WBV
group, but detected a decrease in the lumbar spine BMD in
the control group, suggesting that WBV might have contrib-
uted to the maintenance of BMD. In contrast, Davis et al. [31]
found no change in BMD in any of the WBV groups of post-
menopausal patients: low-intensity vibration, high-intensity
vibration, or control groups.

WBYV exercise is also an active strategy of Innovative Com-
prehensive Active Rehabilitation of Osteoporosis (ICARO),
described by Weber-Rajek et al. [33] as focused on increas-
ing BMD, slowing the progression of the disease, and limit-
ing its consequences.

It is believed that bone tissue micro-trauma produced by
vibrating stimuli stimulates osteoblast action for repairing [34]
and enhances bone formation after WBV. Also, it was noticed
that growth hormone and testosterone levels in men and
women improved after WBV training [35-37]. Oliveira et al.
[38] found a significant effect of WBV intervention on lumbar
spine BMD in comparison with a group without intervention.

Different mechanical vibration mechanisms focus on pre-
venting deterioration and increasing or maintaining BMD [39].
Frequent loading exercise stimulates the flow of the fluid in
bone lacunae and canaliculi. Sufficient and effective mechani-
cal stress, as well as muscle contraction acting on bone dur-
ing physical activity adequately influence mechanotransduc-
tion to increase fluid flow in the bone [39, 40].

Recently, sclerostin expression has shown the influence
of osteocytes on bone and muscle activation stimuli. Scleros-
tin plays a role in the inhibition of osteoblastic bone forma-
tion [41]. Bone disorders that affect mutations in the SOST
gene, encoding sclerostin, such as sclerostosis and van Bu-
chem disease, produce a high BMD and a low risk of frac-
tures [42]. Exercise and mechanical loading of the skeleton
can stimulate bone formation, while immobilization increases
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sclerostin-positive osteocytes and inhibits bone formation.
Osteocytes can recognize and respond to the mechanical
stresses that lead to bone formation [43]. Sclerostin serum
measurements seem to be important in explaining different
ways by which bone cells react to various stimuli, such as
hormonal, physical (in the form of mechanical vibration),
and pharmacological ones [41].

The interaction of mechanical vibrations with body struc-
tures induces bone formation process; the mechanism of
action may be related to the piezoelectric theory [43]. Also,
WBV can affect the levels of different hormones, such as
growth hormone, parathyroid hormone, and serum testos-
terone [18, 40], which can prevent osteoporosis and sarco-
penia [39, 44].

Limitations

The limitation may be the number of patients in each
group, as well as treatment duration. An increased number of
patients and prolonged treatment may enforce the results.

Conclusions

WBYV may have a beneficial effect on BMD in post-burn
patients.
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