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ABSTRACT

In the present investigation, Ultrasonic characterization on artificially removed (in and around Chidambaram town)
human renal stones are studied to determine further the design parameters such as sonic velocity, specific acoustic
impedance and modulus of elasticity etc., to develop a kidney stone disintegrator. Due to the variation in the
chemical composition of the stones, a large variation in the value of ultrasonic parametersis found. The results give
the necessary information about the ultrasonic propagation in different type of renal stones.
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INTRODUCTION

Now days, ultrasonic wave velocity has been usedomventional medical diagnostics therapy and sargdols in
different sensitive parts of the human body sucblasds, heart, urinary tracts, reproductive orgetns? Especially in
human physiological system, kidney is a major orgérich separates extra minerals, water, wastesfretm the blood
after digestion. In the pathological conditiontle kidney failure, inhibitor disorder and increasenineral values in the
blood or urine continuously, one can get the rat@hes anywhere in the urinary tracts. The presefiseich stones
causes discomfort to patients and disruption cfetstones is, generally, by surgical means. Sevtral techniques like
laser, extra corporeal shock wave lithotripsy, esipes* have been used for the removal of the stonesmasively and
have created large disadvantages such as tissageapain etc., It can be overcome by ultrasontbooeof treatmenf.

In the present study, ultrasonic parameters ofelicstones like ultrasonic velocity, acoustic impeda attenuation and
dynamic modulus of elasticity are determined. Aydavariation in the ultrasonic properties of kidrstgnes has been
observed due to their complex structures and Jariabmpositions. It will provide valuable informari for the
development of disintegrators.

MATERIALSAND METHODS

The kidney stone samples, named as KSKS,, used in the present study were procured fromREjathiah
Medical College and Hospital, Annamalai Universityie chemical nature of the different kidney stesamples of
both the sexes of patients, aged from 40 to 7ihdivn and around Chidambaram town were analyze&#byR
technique and confirmed by using X-ray diffractistudy’. The chemical compositions of all the kidney ston
samples studied by X-RD are given in Table 1.
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Table 1.Chemical Nature of the Sample from X-RD Analysis

Sample Chemical nature of the sample Name of the chemical
KS;, KS;, KSs and KS CsH405.2H,0 Uric acid
KS;, KS;, KS; and K CaGO,.H,0 Calcium Oxalate monohydrate
KS; and KSg CacCO; (PQ) sOH Carbonate hydroxy apatite

In the present investigation, the ultrasonic vejoon adult kidney stones was measured using a&Rualso overlap
technique at a fixed frequency of 10 MHz with gaatturacy. A double probe contact (between the kidbenes)
through transmission technique was used for thesoremnent of parameters. The sample faces were dhapave
better flat surfaces. The ultrasound medical ged wsed for proper acoustic coupling between thesthacer and
kidney stone samples.

The measurement of pulse transit time ‘t’ for a Wwnopropagation distance ‘d’ gives a direct measmnof
velocity as,
U=dit 1)(

Acoustic impedance
Z=Up (2

The dynamic modulus of elasticity
Es= U p ..(3)

The attenuation coefficient
o = 20 log [A/A,] d* ..(4)

Where A and A are the amplitudes (in V) of the reference sigmalsand without the kidney stone respectively.
RESULTSAND DISCUSSION

The average values of velocity and other relatedmaters in various kidney stone samples (tenitndhse) were
measured and calculated using the equations 1-&r@ngiven in the Table 2.

Table 2. Average values of ultrasonic parameterson kidney stonesat 10MHz

Sample U P Z X10®  EgX10° a
ms!  kgm® Kgm’s! Nm?  dB/cm
KS, 2301 8983 2.066 4756  4.761
KS, 2221 9333 2.072 4603 5676
KS; 3010 1568.1  4.719 14.207  3.185
KS, 1836 10185  1.869 3433 11541
KSs 2963 1576.1  4.669 13.837  3.768
KSs 2234 11011  2.459 5495  5.271
KS; 1972 1790.0 3.529 6.961  5.869
KSs 2986 1580.7  4.719 14.093  3.535
KS; 2780 1582.6  4.399 12.231  3.727
KS,c 1816 1866.7  3.389 6.156  12.166

The large variation in the ultrasonic parameters, yiropagation velocity, acoustic impedance, dynanodulus of
elasticity and attenuation was found. The ultras@ndopagation velocity of the kidney stones hasifeand to vary
from 1816 to 3010 m/s. It was observed that av#hecity increases, the absorption decreases.afthruationd)

varies from 3.185 to 12.166 dB/cm in the presentkwdcoustic impedance and dynamic modulus oftiify are
found to vary from 1.869 to 4.719 and from 3.43340231 respectively.

The variation in the values of the samples was Ipaine to the complex chemical composition of se(@e.,) due
to the presence of calcium, magnesium, and ammophosaphate as well as due to the geographical measbhus,
it has been found that the kidney stone samplembawv greater percentage of oxalates have a grahltesonic
velocity and the samples having phosphate and otirestituents were found to have low ultrasoniogity.
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The determined values of ultrasonic data will hkp design of ultrasonic disintegrators for theutition of kidney
stones. The similar observations were made by Aglaeival 2 and Singh et af.,

CONCLUSION

A comparative study of ultrasonic properties andnoital constituents of kidney stones have been nitidaey

stones having a greater percentage of calcium @xat@nohydrate and a higher ultrasonic propagatedacity

were found to be more difficult to disrupt, in coanigon to the other types of stones. Thus, therniéted values of
ultrasonic data will help the design of ultrasodigintegrators for the disruption of kidney stones.
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