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Abstract. Paper presents analytical relations and methoddiogynuscle efficiency evaluation in the case dfited
information. The relation between systolic blooégaure and amplitude of muscle biosignal has beered|, and
characteristics of this dependency have been agwhly&’hen the loading is large the muscle biosignablitude could
not be unambiguously determined according to sygstollood pressure. Features of the relation betweeiscle
biosignal and systolic blood pressure have dematestrthe capability of evaluation of human adafitgkio set load
and to watch for rates in rehabilitation process.

Keywords: biosignal, systolic blood pressure, efficiencyatien, load, loading duration, fatigue, muscle,gdgon
period

Introduction exercise of maximal intensity can partially compas
for the decrease in the muscle contraction forcat
Efficiency is the quality of being efficient, frequency fatigue but it is detrimental to muscle
which means performing in the best possible andethgt endurance [26, 27]. Several physiological studies,
wasteful manner. Reasons of decline in organiscmethods and techniques are applied for clarifying
efficiency are caused by changes in other organistypothesis of different muscles efficiency staggsP7].
systems and are always concrete e.g. they depend @ther factors of person’s efficiency decrease dood
character of performed work, intensity, mode of aheis pressure and heart rate during work or exerciseseft
work, blood pressure, heard rate and other factorstudies have resulted in different experimentalltes
Mostly, efficiency reduces during physical activitye to  obtained with healthy people and ones with diseases
fatigue in the CNS, endocrines system, and veget§P—6]. Blood pressure rates are usually caused by
systems and in working muscles. The main factor operson’s physical activity. Registered values odokl
diminishing human physical activity is muscularidae  pressure after exercises increase and often ase ¢t
[1]. Muscular fatigue is defined as any exercisdigated heart rate ascension [28]. Electromiographical (BMG
reduction in the capacity of muscles to generateimma  data collected during physical activity and bloodgsure
force or power output. Muscle soreness, stiffnesg] rates are very coherent and their values varydiffarent
pain are frequently associated with fatigue. Natabl manner due to experimental circumstances [2-6388, 2
physiological and biomechanical changes take placEnfortunately, scientists have not reached common
during the fatigue period leading up to completskta agreement on relation between EMG and blood pressur
failure. However, objective criteria to quantifytifue-  rates during person’s work. And the influence ofsital
related phenomena are limited. Physiological faigel activity on these rates is not sufficiently invgatied.
characterized by complex assortment and integradfon Human efficiency could be evaluated by using
numerous competing and parallel systems that ictteramany parameters and methods. Results of research of
nonlinearly [7, 9-24]. A lot of studies are dedeztto  efficiency are very useful for variety of fieldscsuas
low-frequency fatigue. It was concluded that afterrehabilitation, sport biomechanics, ergonomics,, etnod
exercises of the maximal intensity there was a lkemal have wide application.
fatigue of low-frequency in the muscles but themsva The purpose of this work is to define the relation
greater decline in muscle endurance after exercides  between muscle biosignal and systolic blood pressasr
shows that metabolic fatigue caused by performhey t
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well as apply its characteristic features in human Since functionU (F,t) is complicated and it is

efficiency evaluation. difficult to form its accurate mathematical expiess it

is common to obtain it experimentally in the graathi
manner. Therefore approximate calculation of the
function integral can be expressed as follows:

Methods

Electromyography systemViking Quest” has
been used for experimental research. Disposable 1 2
Ag/AgCI electrodes were used in the present sty t judt 1Atz C( '*1’t)+U (R0
record EMG signals. The EMG signals were bandpass © R 2 =2 R R
filtered and differentially amplified. All EMG sigts
were smoothed and analyzed by tRATLAB 7.1  whereAtis a discretization step of the time coordinate,
software [29-31]. represents a number of discretization steps fori-he
Systolic blood pressure was measured byorce of muscle loading, corresponding the begigroh
metrologically tested and accurately calibrate@@omm  muscle fatigue.
Hg—300 mm Hg gauge sphygmomanometer. Multiplying and dividing right side of (3) by
Main research have been made omand after simplifications we get:
brachioradialis musclent brachioradialis), which lies in

., (3

the lateral side of forearm. For experimental stadind TU2(F ) 1 mIU3FR..) UPR.Y
for ensuring of their accuracy, ten health subjects/e f R 2 Pyl R R i (4)
females (from 24 to 30 years) and five males (f28rto 0 M i=2 1

32 years) have been invited. The investigation teen . ,

focused on five load groups: from 8 N to 24 N. Theln case ifTy at thekth moment is known and we can
muscle has been subjected to loading with different lculate th | U2(F.t)

duration times from 5 up to 14 min. EMG activity sva caiculate the value Oi{) R
recorded in the muscle as the subject was holdieg t . mscle efficiency, as muscle is loaded withforce,
static load in the extended arm. Systolic bloodsguiee ., pe estimated from the expression:

and the pulse were measured at the same time.

dt, then the reserve of

Analysis and results LE{U ( I+1,t) U2(F, t)}T 3
Muscle is getting tired while performing 2m i=2 R R
particular work in a time-span. Under action of stamt 1 mju? (Fk+11t) U2(F.t) 5
load, the work done by the muscle can be expressed = 2W > Res R, k? )
_ t) or
a0 @ n[UP(R.at) VPR
0 m >
T = i=2 Ra R T 6
where U (F;,t) is an amplitude of muscle biosignal, k 2 2 N (6)
. L . T | U (Ruat) US(R.1)
which corresponds the forcE in time, F; is muscle m > R, + R,
loading forceN, t is the time,s, R represents muscle k=2 +1
resistance.
Neglecting the energy loss in the muscle duringdr, whenR = const:
its work, it can be stated that muscle performssime
work when it is loaded with different magnitude dsa 2
Thereby, following equalities can be written: T Mk Z [U (R )+U(F ’t)] - @
k= E
TUZ(FLt) . T2U2(F,,t) m Z[U (Fk+1’t)+U2(Fk't)]
| dt= | dt=...= k=2
o R 0
Ty? (F.,t) U (ant) Equation (6) provides the relation of efficiencyration
(J) R dt = {)T @) 1o magnitudes of thé-th and thek—th muscle loading

forces. The latter expression could be solved it
predefined accuracy.

Analyzing the dependence of muscle biosignal
U(F, t) in the male and female groups on the loading
force magnitudd~; (Fig. 1 and Fig. 2), it was noted that
when tO T, i =1, 2, .., n, the dependence is

approximately linear.

where T; stands for working duration of the muscle
loaded with thei-th force until it gets tired, in other
words, it is a reserve of muscle work for i force of

muscle loading or the value @f, that corresponds the

point UXF;, t) of the functionaU 2(F, ,t)/at = 0.
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In the female group it is distinctive that the .,
amplitude of muscle biosignal is increasing morntin 07

the male group (Fig. 1 and Fig. 2).
0.6
Uit), uv
0,9 0.5
0,8 1 |B-3s 04 S
——60s : ]
07 T 1305 o
0,6 %360 s % —
0,5 02
0,4
A0, !
03 /mé;.‘/ g : / / / / // // / // /
0.2 /// > ’ ’ ’ - - ’ - -
! 0 50 100 150 200 250 300 350 S
0,1
o Fig. 4. Dependence betwedit and loading duration as the load
0 5 10 15 20 EN is 12 N

Fig. 1. Muscle biosignal dependence on a loading magniitude

' _ T
male group The value of integral [U?(F,t)could be calculated
|
U) . uv 0
12 approximately:
=5
11— 60 e ><
—— 180 1 m 2 2
8 1 = 360 " " — 2 |U(FR,t)+US(FR )T, =
08 /,) /U 2”] i=2[ I+ [ :I i
" ~UZ(F)-t+2U2(t) -t (8)
0.4 L 4.57‘ " 2 .
\El/
0.2 Analyzing results from Figs. 3-4 it can be noteatth
0 U2(t) could be expressed as follows:
0 5 10 15 20 EN
Fig. 2. Muscle biosignal dependence on a loading magnitude U2(t) = [U (F)+U (t)]z iy 2(,:) =

female group
_ - =UFUO+U*E). 9)
Relation between the muscle biosignal

amplitude and the loading duration as the load?idNis
presented in Fig. 3 and it correspond&Jf¢F, t) given in
Fig. 4. The time function of a squared muscle Igiosi .
U? (Fig. 4_) is comp_llcated and it can be expresset_alras fUZ(Fi,t)zu 2(F)-t+U (F)U (t)~t+1U 2()-t,  (10)
exponential  function. However, for approximate g 2

calculations, whent<T,, the function U(t) can be

simplified and considered as linear. For exampie area WhereU(F) is a value of the biosignal amplitude, whten
under theU%(F, t) curve represents the required amoune O, over different magnitudes of the loading fofge

Inserting (9) into (8) equation, we obtain:

of energy or work for the muscle during the loadiimge =1, 2,...,n; U(t) is a value of the biosignal amplitude,
(Fig. 4). whent = T;, during the action oF; minusU(F;), that is
UIF, ), 1V U(t)=U(T:)-U(F).
0 Proposing that the dependence of the biosignal
08 . magnitude for male and female groups could be
07 expressed linearly in the small interval @k F < F, . :
: Uy(F)=aF, Uy(F)=a,F. (11)
0.4
A AR R AR e ey ThenU 2(F) would be calculated as follows:
% 0.1 //// //// //// //// //// //// //// //// //// /] 2 2
0 // // // // // // // // // // U\?(F)z(a\,F) y U%(F)z(amlz) . (12)

0 50 100 150 200 250 300 350 t,s

By expressing the biosignal demswaé on
Fig. 3. Relation between muscle biosignal amplitude andimet for male and female groups analogically we would
loading duration as the load is 12 N get following approximate dependencies:
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U,®)=ht, U, (t)=b,t, (13) UFD, pv
0,1 I
; 0,09 & — 8N
where Uy(F), Uy(t), Uy(F), Uyt) is a value of the ’ / N
biosignal amplitude for male and female accordingly . / N
Inserting (12) and (13) into (10) dependence fol 222 / ;
the male group, whet=T; we get: :
group i g 0,08 / g N
T 1 0,04 =2
112 _ 22T -2 Lp2r3_
JUS(R.0=a/F = T+a P 20T = T, 0 E—
or 0,01
2a, 2a2 2c 0
3 2
Ti +E FT, +¥F 2T| _ETK =0, (14) 0 200 400 600 800 t, s
Fig. 5. Dependence of biosignal amplitude on loading domati
M
when C:i S I:U Z(Fk+1,t)+U Z(Fk,t):| . (15) Systolic blood
2”1( k=2 pressure, mmHg
135 I
For the female group the dependence could be tewrit 130 :;NNf

analogically to (14):

125
19 2mpre, P 20 ae) —— / /\/\-
i bm i br%] i brﬁ k . ///*

115 4/

Taking, that the values of parameteandT, are known, L
for the male and female groups from (14) and (16)
expressions by solving the third order equationsget 0 200 400 500 200
three roots. ts
Solutions will be good only for a real numbers Fig. 6. Variation of systolic blood pressure values in logd

and must satisfy the condition: duration

105

When the load i§ = 8 N, neither the biosignal
T,>0,1=1,23. 17) amplitude nor systolic blood pressure reaches maxim
point T;, where oU (F,t)/ot=0 and oHg(F,t)/ot=0.
' Therefore curve 1 has not got the second maximuah, a
max| T, |would be the indicator of muscle working the first peak represents the adaptability of thescte
' ’ and the systolic blood pressure to a given loaibgein
reserve. o present graphs time coordinates are not discriminat
Results presented in Figs. 1-2 for the male an@sing expressions (16) and (IE)was calculated value,

female groups where processed using the least esjuaivhenF = 8 N and it was estimated that only the firsttroo
method and for the considered case were estimatgg reg| T.,>0 and it equals tdT, , = 883,5s, while the

following coefficients: a, ~29,17, a, ~ 26,25, '

At all events, when T,/ >0 and real numbers

other two roots are complex. Figs. 5-6 also indidhat
h, ~0,36 and b, ~ 0,83. when the loading time is approaching to—800s,

Dependences of biosignal amplitude and thevalues of both, biosignal amplitude and systolioool
systolic blood pressure on the loading durationewerpressure, approach to the point, whéte (F,t)/ot =0

experimentally determined, when the loads were 8, and oHg(F,t)/ot = 0. Presented approximate calculation

12, 18 and 24 N (Fig. 5 and 6). - .
Accordin(g gto the )Figs 5.6 results. the Methodology for the efficiency reserve, in the casen
' ) there is a lack of information, can be applied ficatly.

dependence of muscle biosignal on the systolic loo h point of th X Fégi
pressure was derived and represented in the Fig. 7. OWeVer, each point of the curves in presenteddigis

Analyzing together Figs. 5-7, it was noted, thatma.tChed by partic.ular time intgrval, WhiCh. can beily
when the loads aré = 8 and 24 N, in the dependence c)fesumated using Figs 5-6. In Fig. 7 occurring srwalps

biosignal amplitude and systolic blood pressurerethe of curves or si_miIar fgrmations ari§e from the inaracy
exists a pointT, = 600 s, wheredU (F,t)/ot=0 and of characteristics during the experiments. Theeszanes

_ o in Fig. 7, where multiple values of systolic blopessure
OHg(F,t)/ot=0. In Fig. 7 it is furthermost from the correspond to one value of magnitude of biosighalan
origin and touches an ordinate. First points of imax be observed also that when the loading force on the
values of broken curves represents the adaptagnad muscle is increasing, so does zones of the biokigna

332

© VIBROMECHANIKA. JOURNAL OF VIBROENGINEERING 2008 SEPTEMBER VOLUME 10, 1SSUE3, ISSN1392-8716



383.RESEARCH OFRELATION BETWEEN MUSCLE BIOSIGNAL AND SYSTOLIC BLOOD PRESSURE AND APPLICATION OF ITSCHARACTERISTICS FOREVALUATION OF EFFICIENCY
M. MARIONAS, K. DAUNORAVICIENE, J. GRISKEVICIUS, J. ANDRASIOTE

ambiguity dependence on systolic blood pressuragzo
whereF = 8 N, 1 curve and zone, wheFe= 24 N, 2
curve).

Analyzing results in Fig. 7 as well as other
obtained curves, we can point out the followingteas:
- it is characteristic that the less area is unflercurve
the better muscle adapts to the selected loading;
- when the muscle is loaded with large loads orntam

Performed research indicates that the beginning
of human fatigue or his efficiency reserve can be
estimated using features of muscle biosignal amstoby

blood pressure, applying attribut@Jz(Fi,t)lat:O or
OHg(F, ,t)/ot=0. However, for the estimation of

systolic blood pressure dependence on the loadirae f
and time, integral quantity is measured, its magiatat

has a specific pathology, there exists an ambiguityne specific time moment is expressed by one numbe
between systolic blood pressure and muscle biosigna@nd not the spectrum as in case of muscle biosignal
whereas when the loads are small, the dependendéerefore, in estimating magnitude of systolic kloo

between the magnitude of biosignal and the systolifressure we obtain much less information about the

blood pressure is always unambiguous.

U(F. 1)
0.1 T T T T T

phenomena in the muscle and organism.

U(F, 1)

0.1

F =24 N-ZONE

0.05

0.05

| 1 | Il Il
112 114 116 118 120

P1o

1 | 1 |
122 124 126 128 13%

Systolic blood pressure, mmHg

Fig. 7. Dependencef muscle biosignaU (F;,t) on the systolic blood pressure at different magteguof force

Conclusions

Both analytical and experimental
results were provided in this paper. Mathematica

research

dependence curve, the more man or woman is phhysical
ready to perform an activity;

Proposed methodology can be applied in testing
hthletes or in process of rehabilitation and mamitpthe

formulation and methodology was presented for th@hange of health and efficiency indicators.

estimation of the efficiency in male and female ups,
when there is a lack of information. Interdepen@snof

muscle biosignal and systolic blood pressure wer&eferences

estimated and they demonstrated the following:
when the human organism well adapts to selecte
loads, the magnitude of the muscle biosignal inenaald

female groups could be estimated unambiguouslygusin

the systolic blood pressure;
long lasting, that is the magnitude of biosignalildonot
be estimated definitely from the values of systdlicod
pressure;

the systolic blood pressure covers the bigger aitea,
indicates that the load is too large for a persoa person
has a pathology. The less is the area of the pwben

ambiguity arises, when muscle loads are large and

when the dependence graph of muscle biosignal oldl
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