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This study aims at investigating the thermal properties of various kidney stone types 
that fragmented by laser. It attempts to understand their behavior during Ho:YAG laser 

with maximum power of 30 W. The pulse duration is 600 𝜇s, wavelengths is 2100 nm, 
and the maximum energy level is 5J with maximum frequency level 30Hz. This is used 
for lithotripsy in Al-Sadr Medical City in Najaf for 40 samples divided to 27 calcium 
oxalate, 11 uric acid, 1 cystine, and 1 protein. Optical penetration depth, thermal 
diffusion time, temperature rise, and thermal relaxation time have been calculated using 
established equations. The Optical penetration depth is varied between 0.165-0.327 
mm, the highest value has been recorded in sample p12. The highest temperature levels 
are observed in calcium oxalate sample P5 and uric acid sample P14. Temperature rise 
increases with increasing pulse energy in both calcium oxalate and uric acid stones. 
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1. Introduction 

Urinary stone disease is still a major problem 

throughout the world, and kidney stones are one of 

the most common and painful ailments of the urinary 

system [1]. Known also as uroliths or the 

kidney/ureter/bladder/urethra calculus, urinary 

calculi are crystalline deposits that develop in the 

urinary system [2]. Kidney stone disease affects 50 

million persons worldwide and 10% of Americans 

[3]. It is noted that the ailment is becoming more 

common; during the course of their lives, 7% of 

women and 12% of men will be affected [4]. Urinary 

tract stones are classified into various categories 

based on the materials or crystals that make them up 

[1]. Calcium stones are the most prevalent kind of 

renal stones, accounting for around 80% of all urinary 

calculi [5]. Most kidney stones are composed totally 

or partially of CaOx, which can occur as a 

monohydrate (COM) or dihydrate (COD) [6-8]. Eight 

to ten percent of kidney stones worldwide are uric 

acid stones, which are disproportionately common in 

obese and insulin-resistant stone formers—two major 

markers of metabolic syndrome. Unlike calcium 

stone types, urine with a pH of less than 5.5 is the 

primary source of uric acid nephrolithiasis. [5,7]. 

While other forms of kidney stones do exist, they are 

less common than uric acid and calcium stones [9,10]. 

Over the past ten years, advancements in the three 

primary components of laser lithotripsy—optical 

fiber, ureteroscope, and laser—have made the 

operation more widely used in clinical settings. For 

nearly two decades, the gold standard for lithotripsy 

has been the Holmium:YAG infrared laser, which is 

powered by a flashlamp and has a long pulse duration 

[11-13]. The Ho:YAG laser's architecture shifts 

depending on the power supply used to pump the 

crystal. Flashlamp light (usually Xenon or Krypton) 

is used to create laser pulses, and when it interacts 

with the Holmium ions, it causes them to generate 

new photons at a wavelength of 2120 nm [14,15]. The 

delivery of holmium laser energy occurs via a 

compact optical fiber, resulting in the fragmentation 

of the stone into numerous smaller pieces [4,16]. 

These fragments can then be extracted individually 

using a stone basket. Alternatively, if the stone size is 

reduced to 2 mm or smaller, it can traverse the urinary 

tract without obstruction and be naturally expelled by 

the patient [17]. The tiny, malleable optical fibers 

with diameters between 200 and 1000 𝜇m are used 

[18]. Because of its adaptability, lithotripsy may be 

performed anywhere in the upper urinary system, 

including during flexible ureteroscopy (FURS) and 

flexible nephroscopy [12,19,20]. The photothermal 

effect is the first stage of interaction the laser light 

with tissue. Tissue can be rapidly heated with a laser 

by absorb some of the light, and then their vibrations 

and collisions transform some of that energy into 

heat. The laser's adjustable settings allow for a range 

of thermal effects on tissue. These include 

coagulation, evaporation, and selective thermolysis 

(heat-induced chemical/cell disintegration) [21,22]. 

 

2. Materials and Methods 
Forty samples that have been collected from Al-

Sader Medical City in the city of Najaf as shown in 

Fig. (1), were fragmented by Ho:YAG laser with a 

maximum power of 30 W, pulse duration of 600 𝜇s, 

wavelengths 2100 nm, the maximum energy level 5J 

with maximum frequency level 30Hz. This laser from 

Litho company and brand Quanta System Italy with 

optical fiber from the REOSABLE company have 

been used with a diameter of 550 μm to insert the 

laser beams into the ureter and shine the rays on the 

stones. The patient is positioned on an exam table and 

the urethra is numbed with a local anesthetic. The 

laser is passed by the optical fiber through a thin tube 

(catheter) that is inserted into the ureter through the 

urethra. The laser fragments the stone into small 

pieces less than 4 mm that can be passed out of the 

body in the urine. A stone sample was taken from 
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each patient, its chemical and optical properties were 

studied by FTIR-ATR analyzer, and the value of the 

optical absorption coefficient was calculated. 

 

  
P2   P6 

  
P17   P32 

Fig. (1) Pictures of different samples 

 

3. Results and Discussion 

The results of the FTIR-ATR analyzer show that 

the majority of the stone samples have been of the 

calcium oxalate type, labeled 27, 11 of the acid type 

stones, one sample of cystine, and one sample of 

protein. Each stone sample is not completely pure, but 

contains different proportions of other types of other 

substances, such as uric acid, ammonium urate, 

sodium urate, and carbonate apatite. But they can be 

considered one species according to the proportion of 

its predominant substance. The optical penetration 

depth 𝛿 for the highest absorption coefficient (𝜇𝑎 (𝜆)) 

for every stone is calculated by using [23]: 

𝛿 =
1

𝜇𝑎 (𝜆)
                                                          (1) 

As noticed in table (1), although it is the same type 

as in samples P1, P6, P7, P12, and P21, the absorption 

coefficient differs from one stone to another. This is 

due to the difference in absorbance and may be due to 

the presence of other percentages of different types of 

substances in the stones. What confirms this result is 

that the ratios in the P6 and P7 samples are the same. 

So, it can be found that the absorbance is the same 

and the results are all the same. This applies to all 

other samples. It is, also, noted in table (1) that the 

highest value of penetration depth is in sample P12 

due to its low absorbance, as the penetration depth 

ranges between 0.165- 0.327 mm. These results agree 

with the results of researches [24-26]. 

The thermal diffusion time (𝜏𝑇𝐻), the temperature 

rise (∆𝑇(ɀ)) and thermal relaxation time (𝑡𝑠𝑡) are 

calculated by equations (2), (3) and (4), respectively. 

𝜏𝑇𝐻 =
𝛿2

4𝛼
                                                          (2) 

where 𝛼 represent the thermal diffusivity (i.e., α = 

0.15 mm2/sec for water at 37°C) [23]. 

∆𝑇(ɀ) =
𝜇𝑎(𝜆)𝐻𝑜

𝜌𝑐𝑝
 𝑒−𝜇𝑎(𝜆)ɀ                                 (3) 

where ∆𝑇 represents differential temperature 

increase, 𝜌 represents the material density, the 

densities of COM and COD are 2.17 and 1.96 g/cm3, 

respectively [27]. 𝑐𝑝 represents the material specific 

heat at constant pressure for calculus is about 1524 

J/kg.°C [28], 𝐻𝑜 represents the surface fluence, and ɀ 

is depth [23]. 

𝑡𝑠𝑡 =
𝛿

𝑐
                                                             (4) 

Here c is the speed of sound [29]. 

Figure (2) shows the highest temperature rise in 

P5 sample for calcium oxalate stones, while in Fig. 

(3), sample P14 has the highest temperature rise for 

uric acid stones due to high energy pulse used in 

fragmentation and high 𝜇𝑎 (𝜆) of the sample 

compared to other samples. 

 

 
Fig. (2) The temperature rise for calcium oxalate stones 

 

 
Fig. (3) The temperature rise for uric acid stones 

 

Moreover, it is noticed that the temperature rise 

increases with increasing the energy of the pulse in 

both types of kidney stones, calcium oxalate and uric 

acid, as in figures (4) and (5). Where the high 

temperature values in the results are normal in the 

Ho:YAG laser, as this has been shown in different 

studies “Schafer and coworkers investigators 

reported a blackbody temperature of 5000°K from the 

irradiated calculus” [23,24]. It can be noticed that the 
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relaxation time is much less than the pulse duration, 

this indicates that the stones absorb the pulse energy 

during the pulse duration only and the heat dissipates 

quickly. 

 

 
Fig. (4) The temperature rise for calcium oxalate stones with 

its energy pulse 

 

 
Fig. (5) The temperature rise for uric acid stones with its 

energy pulse 

 

4. Conclusions 
The key conclusion of the study is that kidney 

stone composition and optical properties have a 

significant impact on laser lithotripsy outcomes. The 

study identifies calcium oxalate as the predominant 

stone type (67.5%), followed by uric acid (27.5%), 

with rare occurrences of cystine and protein stones. 

The variation in absorption coefficient influence laser 

interaction even within the same stone type (e.g., P1-

7, P12, P21). While penetration depth varies (0.165-

0.327mm), temperature rise increases with pulse 

energy for both calcium oxalate and uric acid stones. 

Sample-specific properties like high absorption in 

P14 (uric acid) lead to the highest temperature 

increases about 2902.03°C. These findings 

underscore the importance of pre-operative stone 

characterization to determine composition and optical 

properties. By understanding the interplay between 

stone type, absorption coefficient, and penetration 

depth, laser settings can be customized to achieve 

optimal fragmentation with minimal collateral 

damage. 
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Table (1) Thermal coefficients for stones treated by Ho:YAG laser 

 
Samples Stone Type Wavelength (mm) 𝝁𝒂 (𝝀) (mm-1) 𝜹 (mm) 𝝉𝑻𝑯 (sec) ∆𝑻(ɀ) (°C) 𝒕𝒔𝒕 *10-6 (sec) 

P1 calcium oxalate 0.3220 3.9658 0.2522 0.0318 1774.94 0.0556 

P2 calcium oxalate 0.3194 4.4085 0.2268 0.0257 1411.32 0.0500 

P3 calcium oxalate 0.3185 5.0007 0.2000 0.0200 1394.45 0.0441 

P4 calcium oxalate 0.3199 4.4377 0.2253 0.0254 1789.83 0.0497 

P5 calcium oxalate 0.3182 3.6867 0.2712 0.0368 2837.47 0.0598 

P6 calcium oxalate 0.3201 4.8895 0.2045 0.0209 1431.97 0.0451 

P7 calcium oxalate 0.3201 4.8895 0.2045 0.0209 2147.96 0.0451 

P8 calcium oxalate 0.3201 4.8895 0.2045 0.0209 2147.96 0.0451 

P9 uric acid 0.3342 4.9529 0.2019 0.0204 1546.87 0.0582 

P10 calcium oxalate 0.3194 4.4085 0.2268 0.0257 1411.32 0.0500 

P11 protein 0.3271 3.4492 0.2899 0.0420 1205.45 - 

P12 calcium oxalate 0.3208 3.0498 0.3279 0.0538 1977.02 0.0723 

P13 calcium oxalate 0.3209 3.0829 0.3244 0.0526 1512.86 0.0715 

P14 uric acid 0.3278 4.8432 0.2065 0.0213 2902.03 0.0595 

P15 uric acid 0.3278 4.8432 0.2065 0.0213 2321.62 0.0595 

P16 calcium oxalate 0.3187 4.1508 0.2409 0.0290 1378.14 0.0531 
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P17 calcium oxalate 0.3201 4.8895 0.2045 0.0209 2684.94 0.0451 

P18 calcium oxalate 0.3308 5.0289 0.1989 0.0198 1574.74 0.0438 

P19 uric acid 0.3278 4.8432 0.2065 0.0213 1934.68 0.0595 

P20 uric acid 0.3342 4.9529 0.2019 0.0204 1546.87 0.0582 

P21 calcium oxalate 0.3194 4.4085 0.2268 0.0257 1411.32 0.0500 

P22 calcium oxalate 0.3223 4.9803 0.2008 0.0202 1746.62 0.0443 

P23 calcium oxalate 0.3286 5.1006 0.1961 0.0192 2204.47 0.0432 

P24 calcium oxalate 0.3201 4.8895 0.2045 0.0209 1431.97 0.0451 

P25 uric acid 0.3308 5.8319 0.1715 0.0147 1448.98 0.0494 

P26 calcium oxalate 0.3201 4.8895 0.2045 0.0209 1789.96 0.0451 

P27 uric acid 0.3333 5.8831 0.1700 0.0144 1799.26 0.0490 

P28 calcium oxalate 0.3212 3.7259 0.2684 0.0360 1598.11 0.0592 

P29 uric acid 0.3278 4.8432 0.2065 0.0213 1547.75 0.0595 

P30 calcium oxalate 0.3201 4.8895 0.2045 0.0209 1431.97 0.0451 

P31 calcium oxalate 0.3194 4.4085 0.2268 0.0257 1411.32 0.0500 

P32 cystine 0.2752 5.7747 0.1732 0.0150 1736.87 0.0372 

P33 calcium oxalate 0.3308 5.0289 0.1989 0.0198 1574.74 0.0438 

P34 calcium oxalate 0.3194 4.4085 0.2268 0.0257 1411.32 0.0500 

P35 calcium oxalate 0.3201 4.6222 0.2163 0.0234 1069.73 0.0477 

P36 uric acid 0.3315 5.4861 0.1823 0.0166 1512.05 0.0525 

P37 calcium oxalate 0.3330 6.0347 0.1657 0.0137 1195.11 0.0365 

P38 uric acid 0.3333 5.8831 0.1700 0.0144 1799.26 0.0490 

P39 calcium oxalate 0.3201 4.8895 0.2045 0.0209 1789.96 0.0451 

P40 uric acid 0.3278 4.8432 0.2065 0.0213 1934.68 0.0595 

 


