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ABSTRACT

Background: Whole-Body Vibration (WBV) consists of mechanical vibration stimuli produced that propagate throughout
the body by increasing the gravitational load. The WBV can increase muscle mass in dogs with muscular atrophy. As
Whole-body vibration (WBV) can be used as exercise modality with no impact on the joints, the present study aimed to
evaluate the effects of single session of WBYV in hematobiochemical and hemogasometric parameters in adult and elderly
healthy dogs.

Materials, Methods & Results: Fourteen clinically healthy, neutered crossbreed male dogs, non-athlete were selected.
The dogs were divided into two groups of seven dogs, according to the age group: Group I - adult dogs (GI): age between
12.0 and 84.0 months old; Group II - elderly dogs (GII): age above 84.0 months old. All dogs were submitted to a single
session WBV by using a vibrating platform that delivered a vortex wave circulation as mechanical vibration. The WBV
protocol used was 30 Hz frequency (3.10 mm peak displacement; 11.16 m/s? peak acceleration; 0.29 m/s velocity), then
50 Hz (3.98 mm peak displacement; 39.75 m/s? peak acceleration; 0.62 m/s velocity), and lastly 30 Hz (3.10 mm peak
displacement; 11.16 m/s? peak acceleration; 0.29 m/s velocity) for 5-min between de frequencies. The hematobiochemical
and hemagasometric parameters were evaluated at 1-min before the WBYV session (1PRE), 1-min after the WBYV session
(1POST), 120-min (120POST) and 24 h after the WBYV session (24hPOST). The dogs accepted the vibration stimulus
quite well, however, elderly dogs weighing above 30 kg were more likely to sit down with increased frequency from 30 to
50 Hz. No variations of food and water intakes and gastrointestinal changes were observed after the WBYV session. Hemo-
globin values showed significant decrease (P = 0.0312) between 1PRE and 1POST in elderly dogs. A significant decrease
(P =0.0453) was observed in alanine aminotransferase values between 120POST and 14hPOST in adult dogs. Creatinine
values had a statistical decrease (P = 0.0173) between 1PRE and 24hPOST in adult dogs. However, these values remained
within the reference range for dogs.

Discussion: According to the literature, there are no studies related to the effects of WBV in haematobiochemical and
hemogasometric parameters in adult and elderly dogs. No deleterious effects regarding a single session of WBV were
observed, however harmful effects were observed in human patients. The elderly dogs with body mass above 30 kg tried
to sit during the increased frequency from 30 to 50 Hz, which was associated with the pressure exerted in their paws. No
significant differences were observed in erythrogram and leukogram parameters except for hemoglobin values. Significant
decline was observed in hemoglobin values in adult Beagle dogs; and were associated with hemolysis. The significant
decrease in alanine aminotransferase and creatinine values did not have clinical significance. No significant alterations
were identified in hemogasometric parameters but slight increase in pH values was observed in horses subjected to a 60
km run, and was associated with the loss of Cl ions in sweat. The single session of WBV by using a vibrating platform
that delivered a vortex wave circulation, at 30 and 50 Hz frequencies for 5 min did not induce significant changes in he-
matobiochemical and hemogasometric parameters in adults and elderly healthy dogs.
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INTRODUCTION

Whole-Body Vibration (WBV) consists of
mechanical vibration stimuli produced by vibrating
platforms that propagate throughout the body by
increasing the gravitational load, and activate the
neuromuscular, cardiovascular, and musculoskeletal
systems [3,22]. In human patients, WBV has been
used as an alternative modality of rehabilitation
and physical training with results associated with
increased muscle strength and regional blood flow,
higher bone mineral density, and neuromuscular
stimulation [3,9,17,19,20,24,29]. Increased muscle
contractions and blood flow associated with an in-
crement in muscle mass is highly beneficial in dogs
with postoperative muscular atrophy of different
conditions, such as cruciate ligament rupture; patellar
luxation, scapulohumeral and hip luxation, osteoar-
thritis, among others [6,28].

In Veterinary Medicine there are few studies
related to WBV in dogs [11,25-27], and the clinical sig-
nificance of the present study was related if the WBV
may induce negative effects in laboratory parameters
in adult and elderly healthy dogs since WBV can be
used as an alternative rehabilitation modality in dogs
with muscle atrophy.

As WBYV can be used as rehabilitation and
exercise modality without impact on the joints, the
study aimed the effects of single session of WBV in
hematobiochemical and hemogasometric parameters
in adult and elderly healthy dogs by using a vibrating
platform that delivered a vortex wave circulation. We
hypothesized that a single session of WBV (30 Hz
and 50 Hz, for 5 min) in these groups of dogs do not
induce deleterious effects in hematobiochemical and
hemogasometric parameters.

MATERIALS AND METHODS

Experimental environment and animals’ selection

Dogs’ owners were used, and they were
informed of all study procedures, and an authoriza-
tion form was signed. The study was carried out in
GPS: Latitude: -22.888941850000002; Longitude:
-48.49840491716181.

Fourteen clinically healthy, neutered cross-
breed male dogs, non-athlete were selected. Inclu-
sion criteria were the absence of changes during the
clinical exam and musculoskeletal neurological con-

ditions examination; absence of changes in complete
blood count and serum biochemistry values (alanine
aminotransferase - ALT, aspartate aminotransferase
- AST, creatinine - CREAT, creatine kinase - CK,
total serum protein - TSP, albumin - ALB, serum
glucose - SG); absence of cardiac structural changes
by echocardiographic examination; dogs with body
condition score (BCS) of three in the 9-point body
condition scoring [16]; and dogs with body propor-
tion smaller than 1 (dogs with a long body or short
limbs) [30].

Dogs that had undergone a surgical proce-
dure and received medication at least six months
before the study and dogs that presented mitral
endocarditis with hemodynamic repercussions in
left cardiac chambers and presented arterial hyper-
tension were excluded. All dogs were considered
sociable and docile, and they stayed most of the
time indoors and went for a 20 min daily walk on
the leash. Their diet consisted of 250 to 300 g per
day of dry food for medium size dogs.

Experimental design

The dogs were randomly allocated into two
groups of seven dogs, according to the age group:
Group I - adult dogs (GI): age between 12.0 and 84.0
months old; Group II - elderly dogs (GII): age above
84.0 months old. Each dog fasted from food for 6 h,
and water was withheld 4 h before the WBV session.
The animals were subjected to physical rest and ac-
climatization 1 h before the sessions on top of the
vibrating platform, but disconnected. The sessions
were performed in the room with constant 22° C and
humidity between 40 to 45%. Noise and more than two
persons in the room were avoided.

Whole-body vibration

All dogs were submitted to a single session
WBY by using the vibrating platform that delivered
a vortex wave circulation (TheraPlate®)' with the
following dimensions: 92 cm length, 62 cm width
and 16 cm height. The protocol used was 30 Hz
frequency, then 50 Hz (3.98 mm peak displacement;
39.75 m/s? peak acceleration; 0.62 m/s velocity), and
lastly 30 Hz (3.10 mm peak displacement; 11.16
m/s* peak acceleration; 0.29 m/s velocity). The
peak displacement, peak acceleration and velocity
at 30 Hz was 3.10 mm, 11.16 m/s* and 0.29 m/s,
respectively; and at 50 Hz was 3.98 mm of peak
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displacement, 39.75 m/s? of peak acceleration, and
a velocity of 0.62 m/s. The exposure time for each
frequency was 5-min without rest between the fre-
quency’s variation.

According to the manufacturer, the vibra-
tion frequencies can be chosen between 05 and 100
Hz. A digital oscilloscope was used to check the
vibration frequencies, and an accelerometer device
was used to measure the peak acceleration (Apeak).
The peak displacement (Dpeak) and velocity (V)
was calculated using DPeak = Apeak/(2.f)% f — vi-
bration frequency; and V = Dpeak.n.f (n = 3.14),
respectively [6,21].

The hematobiochemical and hemagasometric
parameters were evaluated at 1 min before the WBV
session (1PRE), 1 min after the WBYV session (1POST),
120 min (120POST) and 24 h after the WBYV session
(24hPOST).

Haematobiochemical parameters

Five milliliters (5 mL) and 2 mL of blood
samples was used for hematological and biochemi-
cal analysis, respectively. All blood samples were
collected with a 21-gauge needle (Needles BD®)?
on a 10 mL syringe (Syringe Lock®)® with the
dogs standing on the vibrating platform, but dis-
connected. The blood samples for haematology
analysis were immediately placed in 5 mL plastic
tubes (BD Vacutainer Plus Tubes with heparin®)?
containing lithium heparin, and the ones for serum
biochemistry analysis were immediately placed
in 5 mL plastic tube (BD Vacutainer Tubes with
plasma separator®)? without anticoagulant, and
containing plasma separator, and the tubes were
promptly centrifuged. Red blood cell values were
determined by an electronic cell counter, whereas
the white blood cell values were verified by using
a Wright-stained blood smear and examined under
an optical microscope at X100.

The serum biochemistry (ALT, AST, CK, and
SG) values were determined by using a biochemis-
try commercial kit (Labtest®)*. The CREAT values
were performed by applying a colorimetric method
(Spectronic 21®)°. Total serum protein and ALB were
determined by utilizing the biuret method and a bio-
chemistry commercial kit (Labtest®)*, and the values
were read with an automated spectrophotometer
(Cobas-Mira®)S.

Hemagasometric parameters

Blood samples (1 mL) were obtained from the
jugular vein with continuous flow through a heparin-
ized insulin syringe with a 21-gauge needle (Needles
BD®)2. The results of pH, partial pressure of oxygen
(Pa0?2), partial pressure of carbon dioxide (PaCO2),
sodium (Na), potassium (K), chlorine (Cl), and bicar-
bonate (HCO3-) results were determined by using a
RapidLab test (Siemens®)’. All exams were per-
formed by our pathology clinical laboratory, and by
the same person using a blinded method.

Statistical analyses

All results were expressed as mean + standard
deviation. Data normality at each time point and group
was analysed through the Shapiro-Wilk Test. The
comparison between time points for each group was
performed using the mixed model analysis considering
the time points as a random effect and using the Mann-
Whitney Test. The computer statistics R (Version
3.4.4)8 was used for statistical analyses, being P-values
less than 0.05 considered statistically significant.

RESULTS

Of a total of 21 dogs evaluated, 14 met the
inclusion criteria that were assigned to two groups.
Group I (GI) (n = 7) - adult dogs: aged 27.40 + 5.90
months old, and body weight of 22.81 + 3.40 kg; and
Group II (GII) (n = 7) - elderly dogs: aged 96.00 +
13.90 months old, and 27.82 + 8.80 kg of body weight.

The dogs accepted the vibration stimulus quite
well, and 92.9% of them remained standing on the vi-
brating platform throughout the WBYV session. However,
elderly dogs weighing above 30 kg were more likely to sit
down with increased frequency from 30 to 50 Hz. All dogs
remained calm after the WBYV session. No variations of
food and water intakes and gastrointestinal changes (diar-
rhea and vomiting) were observed after the WBYV session.

There were no significant differences in eryth-
rogram and leukogram parameters in adult and elderly
dogs at all time-points, except for the hemoglobin
values that showed a significant (P =0.0312) decrease
between 1PRE and 1POST in elderly dogs (Table 1).
Adult dogs showed significant decline in ALT values
(P =0.0453) between 120POST and 24hPOST, and in
CREAT values between 1PRE and 24hPOST (Table 2).

There were no significant differences in he-
mogasometric parameters between groups and time
points (Table 3).
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Table 1. Mean and standard deviation (Mean + SD) of hemogram parameters at |PRE, IPOST, 120POST and 24hPOST in GI and GII.

Parameter 1PRE 1POST 120POST 24hPOST
Erythrocytes(x10%/p)

GIl(n=7) 7.2 +0.74 6.4 +0.54 6.4 +0.74 6.8 +0.6M

Gl (n=7) 7.4 +0.6M 6.5 + 0.8 6.6 0.7 6.9 + 0.9

Hemoglobin(g/dL)
Gl(n=7) 16.2 £ 1.9 14.9 + 1.742 14.4 £ 1.9 155+ 174
GII (n=7) 16.8 £1.34 14.8 + 1.58¢ 15.1 & 1.4482 15.8 + 1.8482
Packed cell volume (%)
Gl(n=7) 48.0 £ 5.3% 44.6 + 4.6 43.8 £5.5% 45.0 £ 4.3
Gl (n=7) 49.3 + 5.7 44.6 + 4.6 46.0 + 4.8 47.6 £ 5.1
Platelets(/uL)

Gl(n=7) 264.0 = 78.0 248.0 £ 79.04 231.0 £91.04 263.0+85.04¢

Gl (n=7) 233.0 + 88.07 245.0 £ 19.0% 260.0 £79.04¢ 251.0+10.0*
Leukocytes(x10°/uL)

Gl(n=7) 11.2 £2.6% 11.3 £ 1.24 12.7 £ 2.442 13.6 £ 5.5%

GIl (n=7) 8.9 + 3.34 8.7 + 1.9 9.1 £4.7% 9.20 +2.10*
Neutrophils(x10*/uL)

Gl(n=7) 7.1 £ 1.2% 8.1+ 1.5 8.6 +2.5M 10.1 £ 4.8

Gl (n=7) 6.0 £ 1.7% 6.3£2.2% 6.7 £ 1.7% 6.6+ 1.7%
Eosinophils(x10%/uL)

Gl(n=7) 1.0 £ 0.3 1.1 £0.44 1.20 £ 0.6* 0.7 £ 0.42

Gl (n=7) 0.8 + 0.6 0.6 + 0.4 0.50 +£0.342 0.8 £ 0.8
Lymphocytes(x10°/uL)

Gl(n=7) 2.5+ 1.6™ 1.7 £ 1.0 2.2+ 1.5% 2.0+ 1.0

Gl (n=7) 1.9+ 1.7 1.3 +£0.5% 1.5+ 1.0% 1.4 +0.8%
Monocytes (x10*/uL)

Gl(n=7) 0.5 0.3 0.5 £0.242 0.7 £0.3% 0.7 £0.5%

GII(n=7) 0.2 + 0.8 0.4 + 0.4M 0.3 + 0.2 0.4 + 0.3

Means followed by different capital letters on the same line were significantly different by the mixed model test (P < 0.05) Means followed by
different lower-case letters in the same column were significantly different by the Mann-Whitney test (P < 0.05).

Table 2. Mean and standard deviation (Mean + SD) of biochemistry parameters at IPRE, 1POST, 120POST and 24hPOST in GI and GII.

Parameter 1PRE 1POST 120POST 24hPOST
ALT (UI/L)

Gl(n=7) 37.4 £8.648 37.3 £ 5748 337+ 11.38% 45.3 +9.44
GIl (n=7) 63.8 +£34.74 59.1 +£35.94 56.4 +38.24 64.1 +36.5
AST (UI/L)

Gl(n=17) 39.7 £2.9M 37.7£5.9% 38.0 £ 3.8 44.3 + 13.44
GIl (n=7) 33.3+£52% 36.6 + 8.0 314 +£7.0% 36.4 + 7.54
CK (UI/L)

Gl(n=17) 234.4 +250.84 214.4 +214.7% 230.0 + 22424 250.8 + 462.0*
GIl (n=7) 112.6 + 88.8% 151.1 + 116.7 146.8 + 107.8 126.7 + 38.5%

CREAT (mg/dL)

Gl(n=7) 1.1 £0.2% 1.1 £0.248 1.0 £ 0.24% 0.8 +0.28
GIl (n=7) 1.2 +0.2% 1.1+0.2% 1.1+0.2% 1.0 0.4
TSP (g/dL)

Gl(n=7) 7.+£0.94 7.0 £0.9% 7.4+ 1.0% 7.6 £0.74
GIl (n=7) 5.60 + 0.8 7.7 +0.8% 7.8 +0.6" 8.4 +0.74
ALB (g/dL)

Gl(n=17) 3.4 +0.6M 3.4+ 0.5 3.4 +0.6M 3.4 +0.6M
GIl (n=7) 3.7 £0.44 3.5+0.4M 3.5+0.3M 3.6+ 0.5
SG (mg/dL)

Gl(n=17) 101.6 + 33.6% 95.3 £23.6™ 99.8 + 16.6" 93.1 £26.74
Gll (n=7) 101.8 + 14.5% 104.0 + 30.74 104.1 + 17.2% 108.7 + 12.442

Means followed by different capital letters on the same line were significantly different by the mixed model test (P < 0.05) Means followed
by different lower-case letters in the same column were significantly different by the Mann-Whitney test (P < 0.05).
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Table 3. Mean and standard deviation (Mean + SD) of hemagasometric parameters at 1PRE, 1POST, 120POST and 24hPOST in GI and GIL

Parameter IPRE IPOST 120POST 24hPOST
pH
Gl(n=7) 7.40 £0.10 7.40 £0.10 7.40 £0.10 7.40+ 0.10
Gl (n=7) 7.40 +£0.10 7.40 +0.02 7.50 £0.10 7.40 £0.10
PaO, (mmHg)
Gl (n=7) 44.10 £ 9.400 36.70 + 6.80 45.80+ 13.30 55.50 + 12.30
GIl(n=7) 37.60 + 10.0 41.60 +4.30 38.40 = 8.10 45.30 +4.90
PaCO, (mmHg)

Gl(n=7) 33.60 +7.50 38.10 +3.30 37.50 +4.80 31.90 +£5.30
Gll (n=7) 34.00 + 5.60 34.50 £ 2.10 36.30 + 5.60 31.60 + 3.50
Na (mEq/L)

Gl(n=7) 156.70 = 2.80 156.70 = 2.40 156.00 + 4.60 156.70 = 4.60
Gll (n=7) 150.30 £ 5.20 155.3 £2.00 155.70 = 3.60 150.0 = 7.00
K (mEq/L)

Gl(n=7) 4.00 £ 0.90 3.90 = 1.00 3.60 £ 0.80 370+ 1.10
Gll(n=7) 3.70 + 1.60 370+ 1.10 3.20 £ 0.30 3.50 + 1.00
CI (mmol/L)

Gl (n=7) 114.00 £ 6.90 115.40 £4.20 115.30 £6.70 115.70 £2.40
GIl(n=7) 113.10 = 6.30 116.00 = 6.30 117.30 = 1.70 116.10 £5.70
HCO, -(mmo/L)
Gl(n=7) 21.35+2.2 22.30+2.00 22.70+2.80 20.50+2.30
Gll(n=7) 20.80+1.8 21.30+2.10 21.70+1.50 20.40+1.90
DISCUSSION

The aim of the present study was to evaluate the
acute effects of WBV in hematobiochemical and he-
mogasometric parameters in adult and elderly healthy
dogs since WBYV can be used as exercise modality for
increase of muscle mass with no impact on the joints.
On the other hand, there are no studies related to the
effects of WBV in haematobiochemical and hemogaso-
metric parameters in dogs.

The authors established that a single session of
WBY with frequencies of 30 and 50 Hz, for 5 min, can-
not induce deleterious effects in haematobiochemical
and hemogasometric parameters in adult and elderly
healthy dogs since the values that showed significant
differences remained within the reference range.

Studies regarding WBV have described in ani-
mals [4,5,11-13,25-27], and the present study focused
on the acute effects of WBV as an exercise modality
in dogs with muscular atrophy since the mechanical
vibration produce muscle contractions and a greater
regional blood supply and, consequently, an increase
in muscle mass [3,22,27].

No deleterious effects regarding a single ses-
sion of WBYV were observed, however harmful effects
were observed in human patients [10,14,18].

The vibrating platform used in the study was
designed for dogs and cats and did not allow modifi-
cations that could influence the results. The standing
position of the dogs at the vibrating platform during
the WBYV session was meant to ensure a uniform
distribution of the vibrating stimulus throughout their
body [2,6,20,22,30].

The WBYV protocol used in the present study
was the same as the literature [11, 25-27] since it was
proved to be safe in dogs. The elderly dogs with body
mass above 30 kg tried to sit during the increased
frequency from 30 to 50 Hz, which was associated
with the pressure exerted in their paws [7,8]. Study
performed in healthy adult horses submitted to a single
session of WBYV identified absence of any type of dis-
comfort in healthy horses [4].

No significant differences were observed in
erythrogram and leukogram parameters except for
hemoglobin values. Such values revealed a significant
(P =0.0312) reduction between 1PRE and 1POST in
elderly dogs, but they remained within the reference
range. Significant decline in hemoglobin values were
observed in adult healthy Beagle dogs [26]; and were
associated with hemolysis [1].

A significant (P = 0.0453) decrease in ALT
values was found between 120POST and 24hPOST
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in adult dogs, yet the values remained within the
reference range. This decrease did not have clinical
significance. On the other hand, a study performed
in medium sized dogs submitted to long-term WBV
showed no significant changes in ALT values [26].
An increase of ALT values in human patients un-
dergoing short-term WBV were associated with
elevated room temperature, high altitude, and ex-
ercise intensity [15]. Creatinine values decreased
significantly (P = 0.0173) 24 h after the WBYV ses-
sion in adult dogs, also the values remained within
the reference values. Such decline was considered
not normal since CREAT is a product derived from
the metabolism of creatine, and an increase of these
parameters in healthy dogs after undergoing physi-
cal training was associated with increased muscle
catabolism [23].

The hemogasometric parameters showed no
significant alterations and was corroborated with the
study with healthy horses at frequencies between 15
and 21 Hz for 10 min [4]. The limitation of this study
was the small number of dogs which enabled a robust
conclusion to be drawn. This fact was associated with
a rigid inclusion criterion of the study. The subjects
of the adult and elderly groups served as their own
controls, and after the WBV sessions the dogs were
compared to its own baseline.

CONCLUSION

Single session of WBV by using a vibrating
platform that delivered a vortex wave circulation, at 30
and 50 Hz frequencies for 5 min does not induce sig-
nificant changes in hematobiochemical and hemagaso-
metric parameters in adult and elderly healthy dogs.
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