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Abstract

The out-put parameters in terms of average acoustic power and intensity levels from
a diagnostic ultrasound machine located at General Hospital Gboko were measured
using ultrasound power meter UPM-DT-10AV. The ultrasound power meter measures
the out-put acoustic power from the ultrasound beams which were converted to intensity
levels, three set of readings were taken for each of the pretimed durations of
3,6,9,12,15,18,21,24,27 and 30 minutes, the average values were then found. The work
has assed ultrasound dosimetry compliance in this Hospital and provide database for
diagnostic ultrasound quality control for the Hospital. The machine has a minimum
average intensity value of 0.04+0.01 W/cm? at an exposed scanning duration of 3
minutes for both pulse wave and continuous wave propagation modes respectively. From
the results, it can be seen that beyond scanning duration of 9 minutes the machine have
out-put intensities beyond the maximum safe limit of 0.09 W/cm? for fetal imaging and
other sensitive organs, also 0.017 W/cm? for ophthalmic scan, but within the maximum
safe limit of 0.43 W/cm? for cardiac scan and 0.72 W/cm? for the scanning of the
peripheral vessels.
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1.0 Introduction

Ultrasound has been used by radiologists and sapbgrs to image the human body for at least 60sysaw, and has
become one of the most widely used diagnostic tmoteodern medicine [1]. The technology is reldtvimexpensive and
portable, especially when compared with other tephes, such as Magnetic Resonance Imaging (MRI) @ohputed
Tomography (CT).

Measurement of power out-put levels of diagnostid gherapeutic ultrasound equipment has becomeasurgly
important to determine exact patient exposure $edering routine measurements [2]. It has been 40eyears ultrasound
was first used on pregnant women, unlike x-raysiziag irradiation is not present and embryo-toadfects associated with
such irradiation may not be relevant. However, WEBD report that the embryonic period is known to ferticularly
sensitive to any external influences. Until furtiseientific information is available investigatiosisould be carried out with
careful control of out-put limit and exposure timéksers should prudently limit exposure of critistductures such as the
fetal skull or spine during Doppler studies [4].

An understanding of the issues related to propagapeed, impedance and attenuation of ultrasomrglological
materials are directly applicable to the mathenahtaescriptions of biophysics mechanisms. The myapan properties
generally use to describe quantitatively the pragiag of ultrasound is assumed to be an adiabaticess; therefore, the
speed at which ultrasonic energy propagates inid i [5], [6] and [7].
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Where the elastic modulus for an isotropic fluilis, the adiabatic bulk modulus and the medium’s dgnisip. For a
liquid, the elastic modulus B,, = Y B, whereB; is the thermal bulk modulus, and therefore
C=

YBT

(2)
p
In an isotropic solid, both longitudinal and sheaves are supported within their respective propagapeed and is

given
_ Y(1-0)
C= \’p(1+¢r)(1—2¢r) (3)

Where Y is the Young modulus ands the Poisson’s ratio.

The classical engineering trade-off of diagnosticagound instrumentation is that between resatuind the depth of
the image. Both are directly affected by the uliras frequency and attenuation. As frequency iseased, resolution
improves and penetration decreases. Resolutioroiveprbecause the ultrasonic wavelength in tisseedses [8].

The passage of ultrasound through tissue caused lmating. Absorption of the energy of longitudiredastic
compression waves by the tissue at various intetflamugh which the sound passes results in araserin the temperature
of the irradiated tissue by an amount which is dédpet on the ultrasound frequency, the mean irtigrtbie total time of
irradiation and thermal characteristics of the eys{9]. If a liquid is exposed to intense sonicratibns, small gases are
formed within it. Ultrasound waves produce mechahitisturbance which consist of positive pressiluetfiations above
and below the pressure of the liquid in which thevel. A reduction in pressure encourages subasgapic bubbles to
grow while a pressure above that of the liquid wélise collapse of the bubble and this phenomenkmawn as cavitations
[10]. Here, tiny bubbles grow into larger bubbledahen collapse. This can create hazardous freeatadsuch as OH
Cavitation can incur to tissue damage and celrdetion [11].

Apfel and Holland [12] have shown that the potdrfia the onset of inertial cavitation is proporta to a ‘mechanical
index’ (MI) give by

Pr

Mi= * (4)

Where Ris the negative pressure and f is the frequenty [1

Intensity and acoustic power levels from diagnosticasound machines in developing countries indgdigeria are
not usually measured due to lack of competent usbhdHospital/ medical Physicist and calibratedastiund power meters.
This work will therefore determine the intensitydaacoustic power levels from the diagnostic ultteesbmachine at General
Hospital Gboko using ultrasound power meter UPM-DRYV obtained from Ohmic instruments in USA. Thiglwrovide
means of monitoring intensity levels from the diagfic ultrasound machine and will assist in keepgiagients radiation
exposures to minimum levels [13].

2.0  Materials and Methods

In this work, the ultrasound power meter, model UBM10AV was used in carry out measurements ordthgnostic
ultrasound machines (scanning machines) locatégeatral Hospital Gboko. The principle of measuraniethe radiant
force method. The UPM-DT-10AV uses a positioningngb to hold the transducer in de-gas water abas@nal target.
The ultrasonic energy passes through the watesflect off the target and is then absorbed by ther lining. The radiant
power is directly proportional to the total downddorce (weight) on the target. This weight is themsferred through the
target support assembly to the electro-mechanazal kell inside the scale. The cell is in a compotatrolled feedback
loop and produces a digital readout in Watts ofgaf force. The ultrasound scanning machine ae@eilospital Gboko
has machine model SI-500 with display modes B,BB,BhMd M modes manufactured by Siemens Medical system
Germany.

3.0  Results and Discussion

The results of the average acoustic power (W) aedage intensity levels (W/d@nare presented in Table 1 and Fig. 1
respectively.

From the results shown in Table 1, the averagesdiwopower (W) at the Hospital ranges from 188.51 W to 14.94
+ 0.44 W and 1.9& 0.34 W to 15.46+ 0.42 W for the pulse and continuous wave propagatiodes respectively. While
the average intensity (W/&nranges from 0.04 0.01 W/cnd to 0.29+ 0.01 W/cni and 0.04+ 0.01 W/cnd to 0.30+ 0.01
W/cn? obtained from the diagnostic ultrasound machingnduthe minimum exposure period of 3 minutes isrse be
within the maximum allowable intensity limits of 22 W/cnf and 0.43 W/crhfor scanning of the peripheral vessels and
cardiac scan and 0.094 W/tior fetal and othersscan (otherinclude abdominal, intra-operative, pediatric, lsteghyroid
and testes) FDA [14] and WFUMB [15]. Although thesdues can be seen to exceed the maximum allowatdasity
limits of 0.017 W/crf for ophthalmic scan, it is within the allowablmlis for other applications like cardiac and fesgns.
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Table 1: Measured ultrasound output parameteeae@l Hospital Gboko

Tyovenda, Aiyohuyin and Akaagerger Jof NAMP

SIN Time Average Acoustic Power Average intendify) (
(minutes) (W) (W/crf)
PW CW PW CW
1 3.00 1.82+0.51 1.96 0.44 0.04 0.01 0.040.01
2 6.00 2.06+ 0.36 2.86 0.45 0.04 0.01 0.05 0.01
3 9.00 3.44+ 0.56 3.92 0.46 0.0# 0.02 0.08 0.01
4 12.00 5.20+ 0.42 5.32 0.51 0.1@¢ 0.01 0.16-0.01
5 15.00 5.98+ 0.52 6.42 0.52 0.1%#0.02 0.12 0.02
6 18.00 6.84+ 0.44 7.86 0.56 0.1 0.01 0.15 0.02
7 21.00 8.36+ 0.56 9.03 0.68 0.1 0.02 0.1% 0.02
8 24.00 9.64 0.66 9.88 0.48 0.1& 0.02 0.130.01
9 27.00 12.28+ 0.82 13.24 0.44 0.23+ 0.02 0.2% 0.01
10 30.00 1494 0.44 15.46 0.42 0.2%¢ 0.01 0.380.01
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Fig. 1 A graph average Intensity against Tim&aneral Hospital Gboko
Note:

= pulse wave (PW) propagation
= continuous wave (CW) propagation

As the exposure duration increases radiation iitietesvels also increases gradually in an exporémtianner to a
maximum average value of 0.290.01 W/cni and 0.30+ 0.01 W/cni for pulse and continuous wave propagation mode
respectively at a measured time duration of 30 tesuThus at this maximum average intensity valties,ultrasound
machine is seen to be within the safety limits af20W/cnf and 0.43 W/crhfor the scanning of peripheral vessels and
cardiac scan respectively FDA [14] and [15]. Thexmmaum average intensity values are beyond the maixirallowable
limits of 0.017 W/cr and 0.094 W/cfor ophthalmic scan, fetal and othessan. From the results, the values continuous
wave propagation mode are slightly higher thanphise wave propagation mode and this is becausa wiasound is
transmitted in pulse wave form, the acoustic initgris high during the pulse and zero during theqeebetween pulses [16].
Also it should be noted that continuous wave pragiag are rarely used in clinical setting [17] mostmonly, continuous
wave equipment is used without concurrent real timaging facilities and its use in obstetrics igréfore limited to
acquiring wave forms from the umbilical artery ahd uteroplacental vessels.

4.0 Conclusion
The measured average acoustic out-puts from tlgnadsdic ultrasound machine located at General Haspboko has
shown that for safety reasons it is clinically adwile to use the machine for the scanning of oalypperal vessels and
cardiac scan since it minimum measured averagesityevalues and fall within the allowable maximsafety limits of 0.72
W/cnt and 0.43 W/crfor scanning of peripheral vessels and cardian.s€ar other clinical applications like ophthalmic
scan, fetal and otherscan, the diagnostic ultrasound machine shouldbratised on a particular patient organ beyond 9
minutes. Thus this work has shown that some Hdspétad Clinics may have ultrasound machines wittpauintensities
beyond the maximum safety limits of 0.43 Wfcr8.72 W/cm, 0.094 W/crh and 0.017 W/cfas recommended by
WFUMB [15] and FDA [14].
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