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Absgtract. A mathematical model has been developed and usetudy pulsatile blood
flow and mass transfer through a stenosed artaheipresence of body acceleration and
magnetic fields. An explicit Finite Difference Meith (FDM) has been used to discretize
the formulated mathematical model. The discretimeatlel equations were solved in
MATLAB software to produce simulations. The effaaft Hartman number, Reynolds
number, Schmidt number, stenaotic height, body &cagbn and chemical reactions have
been investigated. It has been observed that,aloeity, concentration and skin friction,
decrease with increasing stenotic height. Velooitythe other hand increases, as body
acceleration increases. It has further been obdehat as the Hartman number increases,
both the radial and axial velocities diminish. k@&se of the Reynolds number results in
the increase of the velocity profiles. The highes themical reaction parameter is, the
lower are the concentration profiles.

Keywords: Pulsatile flow, stenosis, body acceleration, mégrields, chemical reaction,
magnetic therapy
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1. Introduction

The use of magnetic fields in health-related irgations is manifested in various
situations, this includes in treatment of ailmenis. sports such as football and
athletics,magnets are used to perform magneti@plyeso as to maintain health and treat
illnesses.Magnetic therapy is an alternative meédpractice that uses magnets to
alleviate pain and other health concerns. It isetoee possible that the magnetic therapy
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in sports can be applied to a person with sterfestause all people are susceptible to
have stenosis or plaques in the body.
Biologically blood has a number of functions thes aentral for the survival of

human being, this includdasta alia, supplying oxygen to cells and tissues, providing
essential nutrients to cells (such as amino adatty acids, and glucose), removing

waste materials, such as carbon dioxide, urea,lartat acid, transporting hormones

from one part of the body to another. In this rdgderefore, blood can be described as
the transporting agent in the human body. Bloodsists of red blood cells which are

negatively charged. It is therefore possible thatftow of blood can get affected by the

magnetic fields.

Stenosis is one of the causes of the anomaliedoofltflow in arteries. The
abnormal growth of deposits such as fats alongattexial wall causes reduction of the
diameter of the artery and thus disturbs the nofload of blood. In day to day activities,
human being may also be subjected to external kemheleration. This includes,
travelling in vehicles, airplanes, sports and othetivities such as using the lathe
machine or jack hammer.In this regard thereforeggmatic therapy in sports implies that,
there is existence of magnetic fields and bodylacagon.

Mathematical modelling of blood flow in a stenosetkry under the presence of
magnetic fields has been worked on by several relsess. Kumariet al, (2019) [1],
Haghighi and Aliashrafi (2018) [3], Sharraal (2019) [4], Rajashekha al (2017) [7],
Mwanthi et al (2017) [8], Shitet al (2014) [6], studied Magnetohydrodynamics through a
stenosed artery. Their studies revealed that thécation of the magnetic field causes a
decrease in axial speed of blood.

Karthikeyan and Jeevitha (2019) [2], analyzed tbatland mass transfer effects
on the two-phase model of the unsteady pulsatdedlflow when it flows through a
stenosed artery with permeable wall under the efféachemical reaction. The study
showed that as the chemical reaction parameteedses, the concentration profiles
decrease.Further, plots of the volumetric flow ratel the velocity exhibitsinusoidal
behavior with time. A similar study with similars@ts was done by Hossain and Haque
(2017) [13] for bifurcated artery. These studiegjleeted the presence of body
acceleration despite the fact that the situatiorery common in sports.

Tanwaret al (2016) [5] investigated the effect of body accalien on pulsatile
blood flow through a catheterized artery. The blaad assumed to be a Newtonian fluid
and the perturbation method was used to solve tbblgm. In their study, it was
observed that the velocity of blood increases whthincrease in body acceleration and
the velocity decreases with the increase in phagkea

Furthermore, a mathematical model for the blooaftbrough an overlapping
stenosed artery under the effect of magnetic fiedd also studied by Parmeiral. (2013)
[9]. The flow was assumed to be laminar, incompbéssand fully developed. The blood
was also assumed to follow Herschel-Bulkley fluifiee effects of magnetic fields and
stenosis was discussed. Their findings found tregmatic fields and stenosis affect the
normal flow of blood.
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Sharma and Gaur (2017) [14] reported that, bloochdntained in a delicate
balance by a variety of chemical reactions, sona¢ &lid its coagulation and others its
dissolution. Biologically blood reacts and is sdéubt the arterial wall as arteries may be
basically considered as a living tissues that reguply of metabolites including oxygen
and removal of waste products. In this regard foeze chemical reaction in blood flow
exists, and it is therefore important know how migcromolecules transported or affected
by the presence of chemical reaction. Modelling ¢bmbined effect of stenosis, body
acceleration and chemical reactions for magnetcathy (to the best of our knowledge)
is missing in all literature despite of its manifg®n in different situation like magnetic
therapy in sports. The current study therefore abdetermining the combined effect of
stenosis, body acceleration and chemical reaati@gm magnetic therapies.

2. Mathematical formulation

We consider chemically reacting blood flowing thgbua stenosed artery in the presence
of body acceleration and magnetic fields. The flofvblood is assumed to be two
dimensional, unsteady, laminar, axisymmetric fléuly developed and incompressible.
We also assumethat the flow is under the influesfce constant electrical conductivity.
Blood is assumed to be a Newtonian fluid. We furttensider thatr = 0 is the axis of

the axisymmetric flow wheré?% = 0 and (u,w) are components of the velocityin z
directions respectively. Figure 1 shows the schiendéagram of the flow.
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Figure 1. Schematic flow diagram

In cylindrical polar coordinate, under the mentidressumptions, equations of

continuity, motion and mass concentration reduce to
ou u Jw
- =0 ey

or 0z
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where r,zare the radial and axial directions whose corredimgn velocities are
respectivelyu andw. p is the density of the blood ampdis the blood’s viscosity. is the
pressures is the electrical conductivityg, is the applied magnetic field intensity(t) is
the body acceleratiort, is time, C is the mass concentration, while and 8 are the
diffusion coeffient and chemical reaction paransgtegspectively.

In the radial direction we assume that the presguadient is small due to the
fact that the lumen radius of an artery is smattdmparison to the pressure wave. Under

such assumption therefore, the radial pressure'egmgé; ~ 0. Following Mustapha and

Amin (2008), the pressure gradient for a humandgirthe axial direction can be written

as

oP
P Ay + A cos(nyt) (5

whereA, is the steady state part of pressure gradignis the amplitude of the pulsatile
blood flow, that gives rise to systolic and diast@ressuren, = 2rf;, with f; being the
pulse frequency. On other hand, according to Najataal (2007), body acceleration
may be given as

G(t) = pag cos(nat + ) (6)
where pa, is the amplitude of body acceleration, = 2rtf, with f, being body
acceleration frequency, atdis the phase angle.

The governing equatioris— 4 can now be written as follows;

Ju 4 u Low ow _0 ;
Jor r 0z 7)
( au 6u> . 0%u N 10u u N 0%u g

az) K or?2 ror r2 0z2 (®)

(0W+ 6W+ OW) A +a (6 + )4 02W+ 10W+02W

ot Uy TWag) = A tAicostut) + pa cos(mot + )+ u{ o+ TEr 5
—oB2w 9)
<0C N ac tw 0C> D EIN L1 10C oc  o°¢ AN c 10
p ot u or 0z or?2 ror 0z2 B (10)
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Following Das and Saha (2009), the geometry afastis (See Figure 1) can
mathematically be expressed as follows;
220>' -2z, <z <z (11)

h(z) = {

rpotherwise
where h(z) represents the radius of the stenosed artgris the radius of the normal
artery,2z, is the length of the stenosis afiis the protuberance of the stenosis.

nz
Ty —6(1 + cos—

Boundary and initial conditions
It is assumed that there is no slip condition anaherial wall, that is

u(r,z,t) =0, w(r,z,t) =0 at r = h(2) (12)
and at the center of the artery (at the line ofregtny) it is assumed that there is no shear
rate and no radial flow, such that
ow(r,z,t)
% = 0, u(r,z,t) =0 at r=0 (13)

For mass concentration, symmetric conditions ard eoncentration is considered
uniform at the wall, Khan and Mohidul 2017.

aC(r,z,t)

Ew =0 atr=0 andC(r,z,t)=0 at r=h(z) (14

Since blood can flow even in the absence of magrietid and body acceleration, it is
therefore assumed that initially, there is non-zeslocity and concentration when= 0

u(r, z,0) = uy, w(r,z,0) =w, ,C(r,z0)=C, (15)

Non- dimensionalisation of variables

In this part we introduce the following non-dimessal variables. The variables, and
1o used are fluid characteristic velocity and disearfeor this case, blood flowing in an
artery,w, is the average blood velocity, angis the radius of the normal artery.

T ., Z LU w _tw, *_aoro3 *_A0r03
r]__l zZ =—, u=—w =—, T__)aO_ 2 0o — 2
To To W¢ W¢ To v pv

. AT 5 ., C ., D . Pr¢ o

Al =—=, e=—, C"=—, D*=—, B*=——M = Byry |—

pv Ty Co v v u

Substituting these non-dimensional variables igtoations 7-11 we get

Continuity equation
o’ + w + oW’ _ 0 (16)
an 1

az*

Equation of motion in the radial direction:

ou”  ou" ou 1 o%u* N 10u* u* N o*u* 17
ot an " 9z R,\on%z " non 2 9z a7
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Equation of motion in the axial direction

aw* aw* aw*

—+u’ _77 + W*T = Ay + A] cos(my 1) + ag cos(m,T + §)
1 (azw* 1ow* 62W*> M?

— + + ——w 18
Re\on? non 09z%) Re (18)

Mass concentration equation

ac” ac” ac” a%c* 1ac* od%c*

vt e TP\ G ey T

WcTo

wherer, = _— D* = % = S—lc Sc are, respectively, the Reynolds number, and Sahmid

number, andv = Boroﬁ is the Hartmann number. The mass concentratiomtem

becomes
oc* L oc* o acr 1 a%c* N 10C* N a%c* - 20
ot U on Y 9z T sc on? non  9z*? A (20)
The geometry of stenosis (Equation 5) in dimensiemform becomes
nz*
H(z") = {1 —e€ (1 t COS<T)) for—1<z"<1 21D
1 otherwise
The boundary and initial conditiod® — 15 in dimensionless form become:
u*(n,z*,1t)=0, w'(n,z", 1) =0 atn =H(z")
ow(n,z*,t 22
(n—)=0, u'(n,zt1)=0 atn =0 22
on
ac*(m,z"%, 1)
C*(n,z*,7t) =0, atn = H(z"), T =0, atn =0 (23)
u(mz,0)=u;, w'(mz,0)=w;, C(1z,0)=1, (24)

In this work, the initial condition for velocity waobtained from the steady state
of the equation of motion as

Ay +A
wan = (227 2) a -1 = w, 25)

4
3. Solutions
3.1. Radial coordinate transformation
In this section we are going to transform the equat from cylindrical to
rectangular domain. Assuming that the artery idndyical with stenosis, we
transform the constriction by introducing anothariableé such that
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n
e (26)
This suitable radial coordinate transformation betpmap the constricted domain
intoa rectangular one. That is, this has the etiéatnmobilizing the arterial wall
in thetransformed coordinage Using the above transformation, re-arranging and
dropping the asterisks, theequations of continuitgtion, and mass concentration
transfer become:

ou u ow §dHow

Haf+H§+az Hdz 0§ @7
du  uodu ou &dHouy 1 1 (0*u 10u u 1 [0%u 2&dH 9%u
o~ Hag "oz Haz g +R_ﬁ<6_62+3¥_6_2> R—Q[ﬁ‘ﬁaaeaz
Ed?Hou &% jdH\*0%u 3¢ /dH\*0u
—————4_—Q—)——+—{—J-— (28)
H dz? 0¢ * H?\dz/) 0&2 " H2\dz) 0¢
ow u ow ow & dHow
i —ﬁa—{—w E_ﬁgﬁ] + 4, + 4; cos(m;7) + cos(m,7 + ¢)
LA TN N TR O T o
R,H2\0¢Z ' 0f) R,|022 H dz 0édz Hdz2 0¢ ' H2\dz) 92
3¢ ;dH\2ow] 1
+H_i(E) 3| "MW (29)
ac udc aC §&dHOC] 1 (92C 14C\ 1 [d2C 28dH 9°C & d2HOC
E*ﬁa—g‘Wa‘ﬁzﬁ]*a(a—gz*E%) §[ﬁ‘ﬁza@‘ﬁﬁﬁ
&2 (dH\?0%C 3¢ (dH\?dC
1 (a) a—gﬁm(z) 3| ~PC (30)

Similarly, the boundary conditions 22-24 under thgiven radial coordinate
transformation, become:
u(é,z1)=0 w(z1)=0 at =1

M:O,u(f,z,‘r)=0 at £=0 o

%

C(§,27)=0, at £=1, %’;’TLQ at £=0 (32)
u(¢,z,0)=uy, w20 =wy C(2z0)=c, 33)
Initial velocity w, becomes

wo = (B8 (1 - ) (34)

3.2. Radial velocity
To obtain the radial momentum, we use the contreduation, we therefore multiply
equation 27 byH and integratethe resulting equation with respeét. tThis gives
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2dH

dH
w6n) = G ff——ff—f 35)

Now, applying the boundary condition 31, we obtain

1 1
J‘ 2dH J J‘ aw d 36
T WEds == | §——dE (36)
0
Comparing integrals and the integrands of equaé&rwe have;
6W 2 dH 37
9z H dz (37)
Substituting equation 37 into 35 we obtain
€)= 38
u fl Z' T)= f dZ w ( )

Equation 38 is the radial velocity component whiws to be calculated. However,
equation 38 will now be substituted into equatid@isand 30 and obtain:

6w_< & dH )6W [aw & dH ow
Hdzw

— = 58 —w|o EEG_E] + A, + A, cos(my1) + cos(m,t + )

N 1 1 (0*w N 10w *w  28dH 9*w & d*How f (dH) *w 3¢ (dH)z ow
R,H2\ 982 ' £ ¢ 07 Hdzogos Hd2 0t  HE\dz) 2%  HE\dz) ot
! M? 39
R, w (39)

ac_( ¢ dH )ac [ac gdHac] L(9°C 10C\ 1[0%C 26dH 9*C {dHOC
ot \Hdz")ag " Wlaz Hdzoel "sc\oez "€9¢) " Sc|9z2  H dz 9¢9z  H dz? o€

&2 /dH 3¢ (dH\? dC
T (dz) a§2+ (dz) 9|
3.3. Finite difference schemes

Equations (39) and (40) are solved numericallygiiie FDM.The finite difference
discretization is based on central differencesface and forward difference for time.

(40)

aw _ Wl — Wiy ow _ whiaj — Wiy ac _ Clqyy—Clyjac Cil,{j+1 -Cf5-4

14 2(A%) ’ 0z Z(AZ) "0z 2(0z)  0¢ 2(A8)
’w Wi — 2wl +wi_, 9%w WL+1] 2wl +wl,; 8%C CL’f,_lj 25+ ¢y 1)
&2 (Af)z "9z2 (Az)2 "9z2 (Az)?

92C  Clyy—2C5+ ¢y ow wkt—wk ac ckt-ck

— = ,and for time we have— = — o= =

&2 (A&)? 0t At ot At
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We now substitute the finite difference approximasifrom equation 42 to equations 39
and 40 and we make/* andC/;"! the subject, and obtain:

§j (dH Wl —wl_ Wi1) — Wia § (aH Wija1 ~ Wijo1
whkit = wk + At {( (E)LW‘I(J(TQ - wg T 2(82) (dz) 200

K K K K K
1 <Wi+11 2W it wit 11> _ izfj (dH> <Wi+1,j+1 T W11 T Wity 1~ Wi+1,j—1>
R

+ — J—

R, o e H; \dz); 4(08) (A7)
_ii<d2H> W5j+1_wil.(j—1+ii<d_H>2 ( Lj+1 - 2w +W1] 1)
R, H;\ dz? ; 2(A¢) R, H?\dz) ; (Af)2
13§ (dH\? (Wl —wi\ 1
— (= N7 BT i — 2.3 42
TR, 1 (dz)i 2(0%) R, Vi 42)

. ({ ( ) )Cil.cj+1_cil.cj—1_w-k. Ce1—Clia (& (dH) Cljer = Cljn
ij - = lij j Wij 2(A9) Lj 2(Az) dz 2(A%)

+— 1 Clk]+1 ZCk +Clk] 1 += 1 Clk]+1 Cil,cj—l 1 Cllfl—lj ch +Clkl]
Sc (Af)2 $i 2(4%) Sc (AZ)2

_Z_f,<d_H) Clijor +Clyjo = Clyj — Clajn s Cil,cj+1 - Cl5.q
H; \dz/; 4(Aé)(Az) H; dZ2 2(A8)
+€] d*H l]+1 Cll,cj—l —Ar ﬁCk +E_ d_H L]+1 ZCL]+CL] 1

dz? 2(09) dz) , (86)?

3¢; (dH e — Wl
+ ij(dz> i< ]Z(AE)J >]_ﬁcilf(f} (43)

where we define

zi=({—1DAz, i=12,..M+1,&=0G-DA, j=12,.,N+1

T, =0—DAr, k=12,.. HereAz andA¢ represent the spatial increments,
respectively, in the axial and radial directionsle/At represents a small increment in
time. We also discretize the boundary conditionfolews:

The Neumann boundary conditionéat 0 we have

K K
W _ Wije1 = Wija1 _ 0 (44)
0 2(A$)

This gives

w4 —wj_, =0 this implies thaw/,, = wf;_; now até = 0 means thatj = 1,
thus this meansv), = w,. However,w, is outside the domain of interest. It is

therefore the ghost point. To get rid of this ghpstnt we further approximate the
derivative for the intervadé as follows
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k k
ow|_ Wije — Wi 0 (45)
9| _, AS
This givesw/, = w/4, we therefore have
kK _ .k _ ok _ 1 _ 1 k _ ok ko _ rk
Uiy = Uiner = Wine1 =0, Wij =wo, Gy =¢o ,Wip =wiy ,Cp = (i (46)

The axial initial velocity is therefore discretizagw, = (%) (1 - (HEDD

4. Results and discussion

4.1. Numerical simulation

In this section we implemented the numerical maegjuations 42, 43, and 46) and
performed computer simulations using MATLAB codd® maintain stability, we

A : i
(AET)Z < 0.5. Forconvenience, constants were wisely choseiollsvs;

AO = 1,A1 = 0.5,m1 = 1m2 = 1,(1) = 0.6,e= 0.1,B0 = 1,30 = 1'SC = 3,Re= 3,Z=
0.2

ensured tha <

T =0.1990,At = 0.001. Some of these parameters were varied to obsegirectifiects
as illustrated in Fig. 1 to Fig. 23.

Effect of stenosis on axial velocity Effect of Hartman number on axial velocity
0.7 : : : : 0.7 ; :
— =01 o -
06 b I = 4
05 0.5
= >
B 0.4 Y 8 0.4
5] ()
> >
=03 < 0.3L
> x
= <<
0.2 0.2
01 0.1
0 I I I I O
0 0.2 0.4 0.6 0.8 1 : :
¢ €
Figure 2: Figure3:
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Effect of Reynold's number on axial velocity
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Effect of stenosis on radial velocity
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Effect of Reynold's number on concentration
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Trangient effects of axial velocity profiles
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4.2. Discussion of the simulations

The effect of Hartmann number on axial velocityfipes is illustrated by figure 3. From
the graph we observe that as the Hartmann numbezases, the velocity decreases due
to the fact that as the magnetic fields is apptiedhe body, the Lorentz force tend to
oppose the flow of blood. The Lorentz force is aloleoppose the motion of the blood
flow because blood consists of red blood cells tvidontains ions. Similar results were
obtained by Kumarét al, (2019) [1] and Sharme al (2019) [4] who considered the
navier slip.

Figure 4 shows the effect of increasing body acatten on axial velocity. From
the graph it is observed that for the fixed valogédHartmann number and height of
stenosis, axial velocity increases as body acda@erincreases. The increase in velocity
is due to the reason that body acceleration inesettse heart beats and the pulse rate.
When the body is subjected to body acceleratiam htart speeds up to pumping blood
so that more blood can reach the muscles.

This study also investigated the effect of Reynaidsnber on axial velocity.
From the graph we see that, as Reynolds numbemsaise, the axial velocity increases.
The increase in Reynold’'s number implies more iaseeof inertial forces than the
viscous forces. Thus, as the inertial force in@eathe velocity increases.

Figure 7 shows both, the axial velocity and thdalagelocity. From the graph
we see that the axial velocity is higher than #idial velocity. This is due to the fact that
the pressure gradient is more dominant in the akiaktion than in radial direction. On
the other hand, we also observe that, the axiacitglis maximum along the axis of
symmetry and it is zero on the boundary. The axddbcity is decreasing as we move
towards the boundary because of the no slip camditt the boundary. The radial
velocity is zero along the line of symmetry becatleege is no radial flow along that axis.
Also, it is zero at the boundary, to satisfy thestip condition. It is very interesting to
note that it has been revealed that increase igdherity of stenosis, decreases the axial
velocity but increase the radial velocity. The eddielocity increases as compensation to
the axial velocity which decreases. However, thé/medically endanger a person by
harming the arterial wall for prolonged situation.

The effect of Hartman number, body accelerationRegholds number on radial
velocity are shown in figures 9, 10 and 11 respetti The effect of increasing these
parameters on the radial velocity is observed tdhieesame as it is manifested on the
axial velocity.

The effect of increasing the chemical reaction peter on concentration profile
is illustrated in figure 12. From the graph, weatlg observe that, as the chemical
reaction parameter increases, the concentratiorea®es. The decrease of the
concentration is due to the fact that the preseasfcehemical reaction acts as the
consumption or destructive agent of chemical sgeditis leads to the reduction of the
concentration.

Figure 13 shows the effect of increasing the Schmisnber on concentration
profiles. From the graph it is observed that, as 8chmidt number increases the
concentration profile increases. This can physich# explained that, the increase in
Schmidt number implies that the molecular diffusttetreases that is, an increase in the
Schmidt number, increases the concentration boynidger thickness, which in turn
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increases the concentration profiles. Figure 14vshthe effect of increasing the stenotic
height on concentration profile. From the graph,he®e observed that, as the stenotic
height slightly increases, the concentration pesfildecreases. The decrease of the
concentration profile is due to the reason thatdize of artery gets decreased as the
stenotic height increases, thus the concentratenedses too. Similar effect is observed
in figure 15 where the increase in Reynolds numbéduces the concentration. Figure 18
shows the effect of increasing the Hartmann nuroheahe skin friction. From the graph,
we have observed that, as the Hartman number Besedhe skin friction profiles
decreases. The skin friction again varies peridigigégth time. This physically mean that
the shear stress decreases due to the presencgoétic field. Reduction of the shear
stress in turn leads to the decrease in the sldtiof coefficient. On the other hand,
increasing the Reynolds number implies that thetileforce increases than the viscous
force. As viscous force is smaller, skin frictioetg reduced. This means that, with
increase of the Reynolds number, the inertial foscenore dominant than the viscous
force. This lowers the skin friction. This has bebown in figure 19.

The combined effect of stenosis, body acceleratimagnetic field and chemical
reaction has further been shown in figures 22 @&d-Bom the graphs we clearly see that
the combined effect highly reduces the velocitytred blood. However, body exercise
seems to have more effect than magnetic fieldssd@dosis. In this regard therefore,
since body exercise highly raises the blood’s spesabnetic therapy for a stenosed
person will therefore be of more advantageous, amy for reducing pain but also
regulating blood rheology by reducing blood’s véipcFigure 23 shows the same for
concentration, from the figure we see that the doewb effect of stenosis, body
acceleration, magnetic field and chemical reacfamthe given values of parameters,
generally reduce the concentration. Thus, the ntagtierapy taken during sports for the
sake of reducing pain, causes reduction of tramafon of some information and
macromolecules in arterial blood flow. From thisidst we can therefore say that
magnetic therapy in sports should be done with ba@ause if a person has stenosed
artery and such therapy is applied, concentratiogenerally affected. Medically this
implies that the transfer of atherogenic molecslgsh as oxygen and even low-density
lipoproteins from the blood to the wall get reducEldwever, increasing body exercise
increases the concentration.

5. Conclusion

Formulation of a mathematical model and computerukitions of two-dimensional
blood flow through a stenosed artery in the presafidody acceleration, magnetic fields
and chemical reaction has been done. Similar witkipus studies, it is observed that the
presence of magnetic fields affects the flow ofkloln this study it has been shown that
the presence of magnetic fields in the presencaterfosis and body acceleration again
affects the flow of blood. The current study give®re insights in medical use of
magnetic fields in treating various diseases rdl&ieblood rheology like hypertension. It
has also been observed that body exercise incréfasdsdood’s velocity. Furthermore,
the presence of chemical reaction has been showedtee the mass concentration. In
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this regard we suggest that for patients with hdmgases, exposing them to physical
exercises should be done with care as prolongedsexp to body accelerations may
cause some serious health problems such as higle pate or even sudden death.
Therapies that involve vibrations should also bedied with care by taking into account
that blood’s velocity will be increased. In conétus therefore, magnetic therapy in
sports is very important, it may offer multiple ledits such as reducing pain and
regulating blood flow which has been increased djytaccelerations.
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