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APPENDIX 

 

Supplementary Table 1. The Medline search strategy is provided, from inception until September 

12, 2024 
 

# Searches Results 

1 (Thulium OR thulium:YAG OR Thu:YAG OR Tm:YAG OR thulium fiber laser 

OR TFL).mp,af,tw,kf. 

3179 

2 (thulium adj2 laser*).mp,af,tw,kf. 1063 

3 Exp Thulium/ 977 

4 1 OR 2 OR 3 3179 

5 Exp lithotripsy/ OR cystolithotripsy/ OR laser lithotripsy/ OR nephrolithotripsy/ 12341 

6 (ureterorenoscopic OR URS OR lithotripsy OR litholapaxy or lithotripsy OR 

flexible ureteroscopic lithotripsy OR FURSL OR retrograde intrarenal surgery 

OR RIRS OR percutaneous nephrolithotripsy OR PCNL).mp,af,tw,kf. 

29709 

7 (endoscopic adj2 litho*).mp,af,tw,kf 491 

8 5 OR 6 OR 7 29745 

9 4 AND 8 283 

 

 

Supplementary Table 2. The EMBASE search strategy is provided, from inception until September 

12, 2024 
 

# Searches Results 

1 (Thulium OR thulium:YAG OR Thu:YAG OR Tm:YAG OR thulium fiber laser 

OR TFL).mp,af,tw,kf. 

5088 

2 (thulium adj2 laser*).mp,af,tw,kf. 2253 

3 Exp Thulium/ 2348 

4 1 OR 2 OR 3 5088 

5 Exp lithotripsy/ OR cystolithotripsy/ OR laser lithotripsy/ OR nephrolithotripsy/ 20355 

6 (ureterorenoscopic OR URS OR lithotripsy OR litholapaxy or lithotripsy OR 

flexible ureteroscopic lithotripsy OR FURSL OR retrograde intrarenal surgery 

OR RIRS OR percutaneous nephrolithotripsy OR PCNL).mp,af,tw,kf. 

52493 

7 (endoscopic adj2 litho*).mp,af,tw,kf 777 

8 5 OR 6 OR 7 52676 

9 4 AND 8 623 
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Supplementary Table 3. The Scopus search strategy is provided, from inception until September 12, 

2024 
 

(Thulium OR thulium:YAG OR Thu:YAG OR Tm:YAG OR thulium fiber laser OR TFL) AND 

(urolithiasis OR stones OR *lithiasis) AND (lithotripsy OR cystolithotripsy OR laser lithotripsy OR 

nephrolithotripsy)  

 

= 695 results 

 

 

Supplementary Table 4. The Web of Science search strategy is provided, from inception until 

September 12, 2024 
 

ALL = (Thulium OR thulium:YAG OR Thu:YAG OR Tm:YAG OR thulium fiber laser OR TFL) 

AND  

TS = (urolithiasis OR stones OR *lithiasis) 

AND  

ALL = (lithotripsy OR cystolithotripsy OR laser lithotripsy OR nephrolithotripsy) 

 

= 415 results 

 

 

 

Supplementary Table 5. Bibliometric data from a systematic review of pre-clinical and 

clinical studies on the Thulium fibre laser for lithotripsy from 2005−2024 

Study Journal Country of 

lead 

Citations FWCI Citations 

per year 

Clinical studies= 38 

Bergmann 2023 

(1) 

Journal of clinical 

medicine 
Germany 

8 4.24 4.0 

Cano-García 

2024 (2) 
Actas Urol. Esp. Spain 

0 0 0.0 

Carrera 2021 (3) Urology 
USA & 

Canada 16 2.57 4.0 

Chandramohan 

2023 (4) 
Urology annals India 

1 0.51 0.5 

Corrales 2021 (5) 
World journal of 

urology 
France 

17 4.27 4.3 

Delbarre 2023 (6) 
European urology 

open science 
France 

9 4.6 4.5 

Enikeev 2020a 

(7) 

World journal of 

urology 
Russia 

72 4.43 14.4 

Enikeev 2020b 

(8) 

Journal of 

endourology 
Russia 

43 2.63 8.6 
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Enikeev 2021 (9) 
International journal 

of urology 
Russia 

41 6.55 8.2 

Fonseka 2023 

(10) 

Journal of 

endourology 
UK 

0 0 0.0 

Geavlete 2021 

(11) 

Journal of medicine 

and life 
Romania 

7 0.66 1.8 

Geavlete 2022 

(12) 

Journal of medicine 

and life 
Romania 

4 0.63 1.3 

Gupta 2024a (13) 
Asian journal of 

urology 
India 

2 2.94 2.0 

Gupta 2024b (14) Urologia India 0 0 0.0 

Haas 2023 (15) Journal of urology USA 35 14.85 17.5 

Jaeger 2022 (16) Journal of urology USA 15 3.42 5.0 

Korolev 2021 

(17) 
Urolithiasis Russia 

21 3.14 5.3 

Mahajan 2022 

(18) 

Indian journal of 

urology 
India 

25 5.68 8.3 

Martov 2021 (19) 
Journal of 

endourology 
Russia 

57 8.54 14.3 

Michiels 2024 

(20) 

Tijdschrift voor 

urologie 

The 

Netherlands 0 0 0.0 

Nikoufar 2023 

(21) 

Journal of 

endourology 
Canada 

2 0.44 1.0 

Panthier 2023 

(22) 

World journal of 

urology 
France 

17 2.99 8.5 

Para 2023 (23) 
Urology research & 

practice 
India 

4 2.08 2.0 

Pathak 2024 (24) 
Journal of 

endourology 
India 

0 0 0.0 

Patil 2022a (25) 
Journal of 

endourology 
India 

14 2.73 4.7 

Patil 2022b (26) 
World journal of 

urology 
India 

17 3.12 5.7 

Perri 2022 (27) 
World journal of 

urology 
Italy 

14 2.15 4.7 

Ryan 2022 (28) 
World journal of 

urology 
USA 

24 4.69 8.0 

Shah 2021 (29) 
World journal of 

urology 
India 

29 4.12 7.3 

Sierra 2022a (30) 
World journal of 

urology 
France 

19 3.51 6.3 

Singh 2023 (31) 
World journal of 

urology 
India 

5 1.35 2.5 

Solano 2023 (32) 
World journal of 

urology 
France 

1 0.27 0.5 
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Taratkin 2021a 

(33) 

Central European 

journal of urology 
Russia 

17 2.36 4.3 

Taratkin 2022 

(34) 

Urologia 

internationalis 
Russia 

23 3.97 7.7 

Taratkin 2023 

(35) 

World journal of 

urology 
Russia 

7 1.89 3.5 

Ulvik 2022 (36) European urology Norway 137 23.65 45.7 

Vaddi 2022 (37) 
Indian journal of 

urology 
India 

8 1.21 2.7 

Vergamini 2024 

(38) 

British journal of 

urology international 
USA 

2 1.09 2.0 

Pre-clinical studies= 69 

AEsoy 2022 (39) 
Scandinavian journal 

of urology 
Norway 

18 2.75 6.0 

Amasyali 2024 

(40) 

Journal of 

endourology 
USA 

0 0 0.0 

Andreeva 2020 

(41) 

World journal of 

urology 
Russia 

144 14.59 28.8 

Basulto-Martinez 

2023 (42) 
Urolithiasis Italy 

15 3.78 7.5 

Belle 2022 (43) 
Journal of 

endourology 
USA 

46 7.94 15.3 

Blackmon 2010a 

(44) 

Lasers in surgery and 

medicine 
USA 

69 3.37 4.6 

Blackmon 2010b 

(45) 

Lasers in surgery and 

medicine 
USA 

92 3.19 6.1 

Blackmon 2011 

(46) 

Journal of biomedical 

optics 
USA 

142 1.78 10.1 

Blackmon 2012 

(47) 

Journal of biomedical 

optics 
USA 

39 1.91 3.0 

Blackmon 2013 

(48) 

Journal of biomedical 

optics 
USA 

35 1.78 2.9 

Blackmon 2014 

(49) 
Optical engineering USA 

53 4.63 4.8 

Buell 2022 (50) 
The Canadian journal 

of urology 
USA 

6 1.04 2.0 

Chen 2023 (51) Urolithiasis USA 11 2.7 5.5 

Chew 2023 (52) 
Investigative and 

clinical urology 
Canada 

12 3.17 6.0 

Chicaud 2024 

(53) 

Journal of 

endourology 
France 

5 2.17 5.0 

Ding 2024 (54) 
World journal of 

urology 
China 

3 1.63 3.0 

Fried 2005 (55) 
Lasers in surgery and 

medicine 
USA 

187 2.5 9.4 
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Hajiha 2023 (56) 
Journal of 

endourology 
USA 

1 0.27 0.5 

Hall 2019 (57) 
Journal of biomedical 

optics 
USA 

21 0.93 3.5 

Hardy 2014 (58) 
Journal of biomedical 

optics 
USA 

105 1.97 9.5 

Hutchens 2013a 

(59) 

Journal of biomedical 

optics 
USA 

27 1.36 2.3 

Hutchens 2013b 

(60) 

Journal of biomedical 

optics 
USA 

22 1.26 1.8 

Hutchens 2017 

(61) 

Journal of biomedical 

optics 
USA 

28 1.23 3.5 

Huusmann 2021 

(62) 

World journal of 

urology 
Germany 

27 3.1 6.8 

Jiang 2022 (63) 
Journal of 

endourology 
USA 

20 3.28 6.7 

Jiang 2023 (64) 
Journal of 

endourology 
USA 

13 3.51 6.5 

Johnson 2024 

(65) 
Journal of urology USA 

8 4.34 8.0 

Kamal 2016 (66) 
Journal of 

endourology 
Greece 

24 1.83 2.7 

Keller 2021 (67) 
World journal of 

urology 
France 

73 7.23 18.3 

Kilinc 2024 (68) Urolithiasis Turkey 1 0.54 1.0 

Kraft 2022a (69) 
Lasers in medical 

science 
Germany 

24 4.52 8.0 

Kraft 2022b (70) 
Journal of 

endourology 
Germany 

23 3.8 7.7 

Kutchukian 2023 

(71) 
Progres en urologie France 

1 0.27 0.5 

Kwok 2023a (72) 
World journal of 

urology 
Switzerland 

19 5.13 9.5 

Kwok 2023b (73) 
World journal of 

urology 
Switzerland 

14 3.78 7.0 

Liu 2021 (74) 
Journal of 

endourology 
China 

11 1.33 2.8 

Li 2024 (75) Urolithiasis China 5 2.17 5.0 

Martov 2024 (76) 
Journal of 

endourology 
Russia 

3 1.63 3.0 

Miller 2023 (77) 
Journal of 

endourology 
USA 

4 1.08 2.0 

Mishra 2024 (78) 
British journal of 

urology international 
USA 

16 8.15 16.0 
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Molina 2021 (79) 
World journal of 

urology 
USA 

54 6.05 13.5 

Nakao 2024 (80) 
International journal 

of urology 
Japan 

0 0 0.0 

Okhunov 2021 

(81) 

Journal of 

endourology 
USA 

32 3.69 8.0 

Pal 2019 (82) Applied optics India 4 0.19 0.7 

Panthier 2021 

(83) 

World journal of 

urology 
France 

57 5.32 14.3 

Panthier 2022 

(84) 

Journal of clinical 

medicine 
France 

16 2.49 5.3 

Panthier 2024 

(85) 

World journal of 

urology 
France 

4 2.17 4.0 

Peng 2020 (86) 
Journal of 

endourology 
China 

44 4.09 8.8 

Peteinaris 2023 

(87) 

Central European 

journal of urology 
Greece 

7 1.62 3.5 

Petzold 2021a 

(88) 

World journal of 

urology 
Germany 

25 3.25 6.3 

Petzold 2021b 

(89) 

Journal of 

endourology 
Germany 

33 4.28 8.3 

Petzold 2021c 

(90) 

Journal of 

endourology 
Germany 

12 1.62 3.0 

Scott 2009 (91) 

IEEE Journal of 

selected topics in 

quantum electronics 

USA 

130 1.66 8.1 

Shen 2024 (92) 
World journal of 

urology 
China 

2 1.09 2.0 

Sierra 2022b (93) 
Journal of 

endourology 
France 

38 6.39 12.7 

Sierra 2023 (94) 
Journal of clinical 

medicine 
France 

26 6.11 13.0 

Sierra 2024a (95) 
Journal of 

endourology 
France 

4 2.17 4.0 

Sierra 2024b (96) 
World journal of 

urology 
France 

3 1.63 3.0 

Soto-Palou 2023 

(97) 

Journal of 

endourology 
USA 

14 3.78 7.0 

Taratkin 2020 

(98) 

World journal of 

urology 
Russia 

64 5.87 12.8 

Taratkin 2021b 

(99) 

World journal of 

urology 
Russia 

15 2.21 3.8 

Taratkin 2021c 

(100) 

Journal of 

endourology 
Russia 

53 6.35 13.3 

Tianfu 2023 (101) Urology journal China 3 0.81 1.5 
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Wanderling 2024 

(102) 
Urolithiasis USA 

7 3.8 7.0 

Wilson 2015a 

(103) 

Lasers in surgery and 

medicine 
USA 

34 2.35 3.4 

Wilson 2015b 

(104) 

Journal of 

endourology 
USA 

25 1.16 2.5 

Wilson 2016 

(105) 

Journal of biomedical 

optics 
USA 

21 0.98 2.3 

Yang 2023 (106) Urolithiasis UK 10 2.7 5.0 

Zhang 2015 (107) 
Journal of biomedical 

optics 
USA 

10 0.3 1.0 

FWCI: field-weighted citation impact, Citations are included until September 2024 

 

 

 

Supplementary Table 6. Comparing median citation variables between clinical and pre-

clinical studies from systematic review on Thulium fiber laser for lithotripsy 

 Total Clinical Pre-clinical p 

Citations (IQR) 16 (5, 30.5) 14 (2.5, 22.5) 19 (7, 35) 0.045* 

FWCI (IQR) 2.5 (1.2, 4.0) 2.7 (0.8, 4.2) 2.3 (1.4, 3.8) 0.857 

Citations per 

year (IQR) 4.5 (2.5, 8) 4.5 (2, 7.5) 5 (3, 8) 0.174 
*Statistically significant from Mann-Whitney U test. FWCI: field-weight citation impact. 
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Supplementary Table 7. Methodologies for included clinical studies on Thulium fiber laser for 

lithotripsy 

Study Design Sample 

size; age 

in years 

Location Technique TFL type Initial 

TFL 

settings 

Bergmann 

2023 (1) 

Prospective 

cohort 
50; 52 Renal Mini-PCNL 

RevoLix Hybrid 

TFL (LISA Laser 

products GmbH, 

Katlenburg-

Lindau, 

Germany) 

0.4 J, 81 

Hz 

Cano-

García 2024 

(2) 

Prospective 

cohort 
60; NR 

Ureter 28 

(47%), 

Renoureter 5 

(8%), Renal 

27 (45%) 

URSL 

Tm:YAG 

(Dornier 

MedTech, GmbH, 

Katlenburg-

Lindau, 

Germany) 

Fragmen

ting 0.8 - 

1.2 J, 10-

15 Hz; 

dusting 

0.4-0.5 J, 

50-100 

Hz 

Carrera 

2021 (3) 

Retrospective 

cohort 
76; 61 

Renal 47 

(62%), Ureter 

28 (37%) 

URSL 

 SP TFL 

(SOLTIVE, 

sOlympus, 

Southborough, 

MA, USA) 

0.2 J, 

228.9 Hz 

Chandramo

han 2023 

(4) 

RCT 90; 38 Ureter URSL 

Urolase SP TFL 

(IPG Photonics, 

Oxford, MA, 

USA) 

1 J, 6-10 

Hz 

Corrales 

2021 (5) 

Prospective 

cohort 
50; 61 

Renal 41 

(82%) Ureter 

9 (18%) 

RIRS 

SP TFL 

(SOLTIVE 

Premium, 

Olympus, Tokyo, 

Japan) 

Renal 

0.3 J, 

100 Hz; 

Ureter 

0.4 J, 40 

Hz 

Delbarre 

2023 (6) 

Comparative 

prospective 

cohort 

100; 60 

Renal 88 

(88%), Ureter 

23 (23%) 

URSL 

SP TFL 

(SOLTIVE 

Premium, 

Olympus, TN, 

USA) 

NR 

Enikeev 

2020a (7) 

Prospective 

cohort 
120; 52 Kidney PCNL 

TFL FiberLase 

(NTO IRE-Polus, 

Fryazino, Russia) 

0.8 J, 31-

38 Hz 
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Enikeev 

2020b (8) 

Prospective 

cohort 
40; 56 Renal RIRS 

SP TFL (NTO 

IRE-Polus, 

Fryazino, Russia) 

0.5 J, 30 

Hz; or 

0.15 J, 

200 Hz 

Enikeev 

2021 (9) 

Prospective 

cohort 
149; NR Ureter URSL 

SP TFL (NTO 

IRE-Polus, 

Fryazino, Russia) 

NR 

Fonseka 

2023 (10) 

Retrospective 

cohort 
5; 60 Bladder 

14F super-

mini 

percutaneou

s 

cystolithola

paxy 

NR NR 

Geavlete 

2021 (11) 

Retrospective 

cohort 
17; NR 

Renal 10 

(59%), Ureter 

5 (30%), 

Bladder 2 

(12%) 

URSL 
 SP TFL 

(SOLTIVE) 

Fragmen

tation 1 

J, 15Hz; 

dusting 

0.5 J 30 

Hz 

Geavlete 

2022 (12) 

Comparative 

retrospective 

cohort 

59; 49 Renal RIRS 
SP TFL 

(SOLTIVE) 

Dusting 

0.5 J, 30 

Hz 

Gupta 

2024a (13) 
RCT 40; 45 Ureter URSL IPG Photonics 

0.8-1 J, 

10-12 Hz 

Gupta 

2024b (14) 

Retrospective 

cohort 
30; 35 Bladder 

Transurethr

al 

cystolithotri

psy 

NR 
0.5-1 J, 

15-30 W 

Haas 2023 

(15) 
RCT 56; 59 

Renal 39 

(70%); Ureter 

26 (46%) 

URSL 

SP TFL 

(SOLTIVE 

Premium, 

Olympus, TN, 

USA) 

Fragmen

tation 0.8 

J, 8 Hz; 

dusting 

0.3 J, 80 

Hz 

Jaeger 2022 

(16) 

Retrospective 

cohort 
32; NR 

Ureter 8 

(25%), Renal 

8 (25%), 

lower pole 6 

(38%), 

Renoureter 4 

(13%) 

URSL 

SP TFL 

(SOLTIVE 

Premium, 

Olympus, TN, 

USA) 

0.2 J, 

100 Hz 

Korolev 

2021 (17) 

Prospective 

cohort 
125; 52 Renal Mini-PCNL 

SP TFL (NTO 

IRE-Polus, 

Fryazino, Russia) 

0.1–6.0 

J, 4–200 

Hz 
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Mahajan 

2022 (18) 
RCT 59; 42 Renal Mini-PCNL 

Urolase SP TFL 

(IPG Photonics, 

Oxford, MA, 

USA) 

1–1.5 J, 

6–15 Hz 

Martov 

2021 (19) 
RCT 87; 48 Ureter URSL 

TFL FiberLase 

U2 (NTO IRE-

Polus, Fryazino, 

Russia) 

1 J, 10 

Hz 

Michiels 

2024 (20) 

Comparative 

retrospective 

cohort 

92; 58 
Kidney, 

Ureter 
URSL 

Olympus 

SOLTIVE 
NR 

Nikoufar 

2023 (21) 

Comparative 

retrospective 

cohort 

49; 63 Kidney URSL 

 SP TFL 

(SOLTIVE, 

Olympus, 

Southborough, 

MA, USA) 

Dusting 

0.1–0.2 

J,100–

200 Hz; 

fragment

ation:1 

J,10 Hz 

Panthier 

2023 (22) 

Prospective 

study 
25; 55 

Renal 22 

(88%), Ureter 

2 (8%), 

Bladder 1 

(4%) 

RIRS 

Thulio p-

Tm:YAG 

(Dornier 

MedTech GmbH, 

Wessling, 

Germany) 

0.6 J, 15 

Hz 

Para 2023 

(23) 
RCT 238; 39 Ureter URSL IPG Photonics 

0.4 J, 8 

Hz 

Pathak 2024 

(24) 
RCT 60; 43 Renal, Ureter RIRS IPG Photonics 

0.1–1.0 

J,10–100 

Hz 

Patil 2022a 

(25) 

Comparative 

retrospective 

cohort 

51; 41 Renal Mini-PCNL 

Urolase SP TFL 

(IPG Photonics, 

Oxford, MA, 

USA) 

0.1–1.0 

J, 100–

250 Hz 

Patil 2022b 

(26) 

Comparative 

prospective 

cohort 

30; 44 Renal Mini-PCNL NR NR 

Perri 2022 

(27) 
RCT 186; 54 Renal 

RIRS or 

Mini-PCNL 

Fiber Dust TFL 

(Quanta Systems, 

Milan, Italy) 

200–300 

mJ, 100 

Hz 

Ryan 2022 

(28) 

Retrospective 

cohort 
51; NR 

Renal and 

Ureter 
URSL 

Olympus 

SOLTIVE 
NR 

Shah 2021 

(29) 

Prospective 

cohort 
54; 40 Renal Mini-PCNL 

Urolase SP TFL 

(IPG Photonics, 

Oxford, MA, 

USA) 

0.2 J, 

125–200 

Hz 



Ahmad et al. Adoption of thulium fiber laser for lithotripsy: A scoping review and bibliometric 

analysis 

 

 11 

Sierra 2022 

(30) 

Prospective 

cohort 
50; 55 

Renal 40 

(80%), Ureter 

10 (20%) 

RIRS 

Fiber Dust TFL 

(Quanta Systems, 

Milan, Italy) 

Renal 

0.6 J, 15 

Hz; 

Ureter 

0.6 J,10 

Hz 

Singh 2023 

(31) 

Prospective 

cohort 
76; 45 Renal RIRS 

SP TFL (IPG 

Photonics, 

Russia) 

Fragmen

tation 1-

1.5 J, 

10–15 

Hz); 

popcorni

ng 0.1-

0.2 J, 

100–

300); 

dusting 

0.1-0.15 

J, 100–

200 Hz 

Solano 

2023 (32) 

Prospective 

cohort 
55; 52 

Renal 40 

(72%), Ureter 

11 (20%), 

Bladder 2 

(3%) 

RIRS 

TFL Drive 

(Coloplast, 

Humlebaek, 

Denmark) 

NR 

Taratkin 

2021a (33) 

Retrospective 

cohort 
70; NR Renal 

RIRS and 

PCNL 

SP TFL U2 (NTO 

IRE-Polus, 

Russia) 

RIRS 

0.15 J, 

200 Hz; 

PCNL 

0.8 J, 

31–38 

Hz 

Taratkin 

2022 (34) 

Propective 

cohort 
170; 54 Renal RIRS 

SP TFL (NTO 

IRE-Polus 

Russia) 

NR 

Taratkin 

2023 (35) 
RCT 

32 and 

34; 51 
Renal RIRS 

SP TFL (NTO 

IRE-Polus, 

Russia) 

Fragmen

tation 1.5 

J, 20 Hz; 

dusting 

0.5 J, 30 

Hz; 

popcorni

ng 0.15 

J, 100 Hz 
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Ulvik 2022 

(36) 
RCT 60; 53 

Renal 34 

(57%), Ureter 

26 (43%) 

RIRS 

SP TFL 

(SOLTIVE 

Premium, 

Olympus, TN, 

USA) 

0.4 J, 6 

Hz 

Vaddi 2022 

(37) 

Prospective 

cohort 
126; 45 

Renal and 

Ureter 
RIRS 

Urolase SP TFL 

(IPG Photonics, 

Oxford, MA, 

USA) 

Fragmen

tation 1–

2 J, 10–

20 Hz; 

popcorni

ng 0.1-

0.2 J, 

200 Hz; 

dusting 

0.1-0.2 J 

100-150 

Hz 

Vergamini 

2024 (38) 

Comparative 

retrospective 

cohort 

49; 59 Renal Mini-PCNL 

SP TFL 

(SOLTIVE 

Olympus, TN, 

USA) 

1.0 J, 20 

Hz 

TFL: Thulium fiber laser, RCT: randomized controlled trial, PCNL: percutaneous 

nephrolithotomy, URSL: ureteroscopy lithotripsy, RIRS: retrograde intrarenal surgery, NR: not 

reported. 
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Supplementary Table 8. Findings for included clinical studies on Thulium fiber laser for 

lithotripsy 

Study Stone 

characte

r 

LOT in 

min 

Complicatio

n rate 

Complication

s 

SFR SFR 

definition 

Bergmann 

2023 (1) 

242 

mm3; 

833 HU 

7.1 

Total 16 

(32%): 

Grade 1 n= 9 

(18%), 

Grade 2 n= 6 

(12%), 

Grade 3b n= 

1 (2%) 

clots 2 (4%), 

fever 5 

(10%), AKI 2 

(4%), UTI 4 

(8%), blood 

transfusion 1 

(2%), urine 

leakage 1 

(2%), 

splenectomy 

1 (2%) 

84% 
24 hr 

XR/CT 

Cano-García 

2024 (2) 

16 mm, 

1105 HU 
12 2 (3.3%) fever 2 (3%) 92% NR 

Carrera 2021 

(3) 

10 mm, 

901 HU 

10.4 8 (10.5%) 

hematuria 1 

(1%), fever 1 

(1%), pain 2 

(3%) pain, 

UTI 3 (4%), 

stent loss 1 

(1%) 

79% 

12 week 

XR/US/C

T 

Chandramoha

n 2023 (4) 

13 mm, 

904 HU 

7.4 

Total 15 

(17%): 

Grade 1 n= 

10 (11.1%), 

Grade 2 n= 3 

(3.3%), 

Grade 3 n= 2 

(2.2%) 

pain 10 

(11%), fever 3 

(3%), stent 

loss 2 (2%) 

98% 
1 month 

CT 

Corrales 2021 

(5) 

Renal 

1800 

mm3, 

1200 

HU; 

Ureter 

486 

mm3, 

998 HU 

Renal 23, 

Ureter 9.3 

Total 3 (6%): 

Grade 1-2 n= 

3 (6%) 

NR NR NR 
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Delbarre 

2023 (6) 

15 mm 

NR 

Total 14 

(14%): 

Grade 1-2 n= 

9 (9%), 

Grade 3-4 n= 

4 (4%) 

UTI 5 (5%) 72% 
3 months 

US/CT 

Enikeev 

2020a (7) 

13 

mm,1019 

HU 

5 

Total 25 

(21%): 

Grade 1 n= 

14 (12%), 

Grade 2 n= 5 

(4%), Grade 

3a n= 6 (5%) 

fever 4 (3%), 

AKI 4 (3%), 

clots 6 (4%), 

urine leakage 

2 (2%), UTI 2 

(2%), wound 

infection 1 

(0.8%), stent 

placement 

required for 

leakage 6 

(5%) 

85% 
3 months 

CT 

Enikeev 

2020b (8) 

17 mm, 

883 

mm3, 

880 HU 

4 

Total 4 

(10%): 

Grade 1 n= 3 

(7%), Grade 

2 n= 1 (3%) 

fever 2 (5%), 

AKI 1 (2.5%), 

UTI 1 (2.5% 

93% 
3 months 

CT 

Enikeev 2021 

(9) 

179 

mm3; 

985 HU 

1.2 

Total 8 (5%): 

Grade 1-2 n= 

6 (4%) 

mucosal 

damage 2 

(1%) 

90% 
3 months 

CT 

Fonseka 2023 

(10) 

30 mm 
NR 0 0 81% 

6 weeks 

US/CT 

Geavlete 

2021 (11) 

Renal 13 

mm, 926 

HU; 

Ureter 8 

mm, 911 

HU; 

Bladder 

31 mm, 

1240 HU 

NR 

Total 2 

(12%): 

Grade 1 n= 1 

(6%), Grade 

2 n= 2 (6%) 

NR 

Renal 

95%, 

Ureter 

100%, 

Bladde

r 100% 

1 month 

XR/US/ 

CT 

Geavlete 

2022 (12) 

13 mm, 

1045 HU NR 
Total 7 

(12%) 

hematuria 4 

(6%), fever 3 

(5%) 

97% 

3 months 

re-look 

fURS 

Gupta 2024a 

(13) 

283 

mm3, 

1135 HU 

10.2 

Total 2 (5%): 

Grade 2 n= 2 

(5%) 

UTI 2 (5%) 100% 
1 month 

CT 

Gupta 2024b 

(14) 

15 mm 
NR 

Total 6 

(20%): 

hematuria 5 

(17%), 
100% 5 days US 
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Grade 1 n= 6 

(20%) 

urinary 

retention 1 

(3%) 

Haas 2023 

(15) 

202 mm³, 

998 HU 

5.1 
Total 6 

(11%) 

obstructing 

fragment 2 

(4%), stent 

colic 3 (6%), 

UTI 1 (2%) 

77% 

4–8 

weeks 

XR/US/C

T 

Jaeger 2022 

(16) 

NR 

11 
Total 7 

(25%) 

obstructing 

fragment 1 

(3%), UTI 

n=1 (3%) 

70% 

0 mm at 3 

months 

US/CT 

Korolev 2021 

(17) 

1337–

2386 

mm³, 

900–

1170 HU 

5.2–5.9 

Total 6 (5%): 

mostly Grade 

1-2 

Transient 

fever, 

hematuria, 

minor 

infections 

85% 
3 months 

CT 

Mahajan 

2022 (18) 

 3710 

mm3, 

1160 HU 
11.3 

Total 11 

(19%): 

mostly Grade 

1-2 

hematuria 13 

(22%) 
95% 

4 mm at 2 

weeks 

XR/US 

Martov 2021 

(19) 

12 mm, 

1001 HU 

8.4 
Total 9 

(10%) 

fragment 

migration 3 

(3%), 

hematuria 1 

(1%), fever 9 

(10%) 

100% 
0 mm 1 

month CT 

Michiels 

2024 (20) 

12 mm, 

1008 HU 
NR 

Total 11 

(12%) 

UTI 8 (9%), 

perforation 1 

(1%), stent 

loss 1 (1%) 

NR NR 

Nikoufar 

2023 (21) 

529 mm³, 

668 HU 

6.2 

Total 9 

(18%): 

Grade 1 n= 6 

(12%), 

Grade 2 II 

n=3 (6%) 

Stent 

symptoms, 

UTI, single 

ureteral injury 

88% 

4 mm at 3 

months 

CT 

Panthier 2023 

(22) 

2849 

mm3, 

1000 HU 

35 
Total 1 (4%):  

Grade 2 
Steinstrasse 95% 

3 mm on 

CT 

Para 2023 

(23) 

9 mm, 

918 HU 

9.3 
Total 31 

(13%) 

bleeding 

impairing 

vision 21 

(9%), 

mucosal 

NR 
2 week 

XR 
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damage 18 

(8%), 

perforation 2 

(1%) 

Pathak 2024 

(24) 

10–20 

mm, 

1263 HU 

NR 

Total 8 

(13%): 

Grade I n= 4 

(7%) 

hematuria 2 

(3%), 

mucosal 

damage 2 

(3%), fever 2 

(3%), pain 2 

(3%) 

95% 
2 mm at 1 

month CT 

Patil 2022a 

(25) 

18 mm, 

1232 HU 

9.2 

Total 3 (6%): 

Grade 2 n= 3 

(6%) 

UTI 3 (6%) 

69% 

(48 

hrs), 

100% 

(1 mo) 

0 mm at 

48 hrs ana 

1 month 

CT 

Patil 2022b 

(26) 

22 mm, 

1309 HU 

NR 

Total 2 (7%): 

Grade 2 n=2 

(7%) 

UTI 2 (7%) 

77% 

(48 

hrs), 

100% 

(1 mo) 

NR 

Perri 2022 

(27) 

10–20 

mm 26.4–28.4 
Total 10 

(11%) 

hematuria, 

UTI, 

Steinstrasse 

73–

84% 

3 mm at 

3 months 

CT 

Ryan 2022 

(28) 

11 mm 
NR Total 3 (6%) 

ED visits 3 

(6%) 
NR NR 

Shah 2021 

(29) 

2338 

mm3, 

1301 HU 
10.1 

Total 3 (6%): 

Grade 2 n= 3 

(6%) 

UTI 3 (6%) 

65% 

(48h), 

100% 

(1 mo) 

1 month 

XR/CT 

Sierra 2022 

(30) 

347–

1125 

mm³, 

900–950 

HU 

26.4 Total 4 (8%) UTI 4 (8%) 100% 
8 weeks 

XR/CT 

Singh 2023 

(31) 

1753 

mm3, 

1104 HU 
23.3 

Total 16 

(21%): 

Grade 2 n= 

6(8%) 

hematuria 11 

(14%), UTI 7 

(9%) 

96% 

2 mm at 3 

months 

CT 

Solano 2023 

(32) 

4438 

mm3, 

988 HU 
26.3 

Total 4 (6%): 

all below 

Grade 2 

NR 61% 

3 mm at 3 

months 

XR/US/C

T 
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Taratkin 

2021a (33) 

RIRS 

2743 

mm3, 

834 HU; 

PCNL 

3285 

mm3, 

882 HU 

RIRS 11.7, 

PCNL 10.0 

Total 7 

(10%): all 

below Grade 

2 

UTI 5 (7%), 

AKI 2 (3%) 
87% 

0 mm at 3 

months 

CT 

Taratkin 2022 

(34) 

2796 

mm3, 

1020 HU 

2.7 

Total 13 

(8%): Grade 

2 n= 3 (2%) 

fever 6 (4%), 

UTI 3 (2%), 

AKI 4 (3%) 

89% 

0 mm at 3 

months 

CT 

Taratkin 2023 

(35) 

329 

mm3, 

1155 HU 

comparativ

e 9.2 

Total 1 (3%): 

Grade 2 
UTI 1 (3%) 100% 

3 mm at 3 

months 

CT 

Ulvik 2022 

(36) 

12 mm, 

896 HU 

NR 

Total 8 

(13%): only 

1 above 

Grade 2 

(2%) 

UTI 4 (6%), 

obstruction 4 

(6%), 

mucosal 

damage 2 

(3%), urethral 

pain 1 (2%) 

92% 

3 mm at 3 

months 

CT 

Vaddi 2022 

(37) 

1061 

mm3, 

985 HU 
19.8 

Total 21 

(17%): all 

Grade 2 or 

below 

hematuria 12 

(9%), fever 9 

(7%) 

94% 

2 mm at 3 

months 

CT 

Vergamini 

2024 (38) 

2450 

mm3, 

1185 HU 

17 Total 3 (6%) 

mucosal 

damage 3 

(6%) 

78% 
2 mm at 

24 hr CT 

LOT: Laser on time, SFR: stone free rate, HU: Hounsfield units for density, RIRS: retrograde 

intrarenal surgery, PCNL: percutaneous nephrolithotomy, complications are described as 

Clavien-Dindo classification grades when reported 
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Supplementary Table 9. Methodologies for included pre-clinical studies on thulium fiber 

laser for lithotripsy 

Study Design Focus TFL type Objective 

AEsoy 2022 

(39) 

Ex 

vivo 

Ex vivo 

porcine 

model 

TFL (Olympus 

SoltiveTM Premium 

60 W, USA) 

To investigate temperature 

profiles in both the renal pelvis 

and parenchyma during TFL 

and Ho:YAG laser activation 

Amasyali 

2024 (40) 

In 

vitro 

Silicone 

kidney 

model 

SP TFL (SOLTIVE 

Premium, Olympus, 

PA, USA) 

To compare lithotripsy 

performance of the 150 and 

200 mm TFL in a lower pole 

benchtop kidney model 

Andreeva 

2020 (41) 

In 

vitro 

Stone 

samples 

alone 

SP TFL (IPG 

Photonics, Oxford, 

MA, USA) 

To evaluate the SP TFL 

parameters for treating stones 

in laboratory conditions and 

compare performance with 

Ho:YAG using for both 

fragmentation and dusting 

modes 

Basulto-

Martinez 

2023 (42) 

In 

vitro 

Stone 

samples 

alone 

Fiber Dust TFL 

(Quanta Systems, 

Samarate, Italy) 

To analyze the ablation rates of 

Ho:YAG and TFL under 

different settings combinations 

Belle 2022 

(43) 

In 

vitro 

Silicone 

kidney 

model 

Soltive Premium 

Super-pulsed TFL 

(Olympus, MA)  

To compare ureteral 

temperatures generated by TFL 

and Ho:YAG  lasers during 

ureteroscopic laser lithotripsy 

in a benchtop model 

Blackmon 

2010a (44) 

In 

vitro 

Stone 

samples 

alone 

Model TLR 110–1908 

(IPG Photonics, 

Oxford, MA, USA) 

To describe a TFL and tapered 

optical fiber delivery system 

combination 

Blackmon 

2010b (45) 

In 

vitro 

Stone 

samples 

alone 

Model TLR 110–1908 

(IPG Photonics, 

Oxford, MA, USA) 

To compare stone vaporization 

rates for Ho:YAG  and TFL 

Blackmon 

2011 (46) 

In 

vitro 

Stone 

samples 

alone 

Model TLR 110–1908 

(IPG Photonics, 

Oxford, MA, USA) 

To compare ablation 

thresholds, ablation rates, and 

retropulsion effects between 

Ho:YAG and TFL 

Blackmon 

2012 (47) 

In 

vitro 

Stone 

samples 

alone 

Model TLR 110-1908 

(IPG Photonics, 

Oxford, MA, USA) 

To investigate the application 

of TFL micro pulsation for 

enhanced laser lithotripsy 

Blackmon 

2013 (48) 

In 

vitro 

Stone 

samples 

alone 

Model TLR 110-1908 

(IPG Photonics, 

Oxford, MA, USA) 

To analyze the suction effect 

and determine its dependence 

on holmium laser pulse energy 

and TFL pulse rate 
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Blackmon 

2014 (49) 

In 

vitro 

Stone 

samples 

alone 

Model TLR 110-1908 

(IPG Photonics, 

Oxford, MA, USA) 

To compare the 50 μm to 

larger diameter TFL fibers in 

terms of lithotripsy efficacy  

Buell 2022 

(50) 

In 

vitro 

Silicone 

kidney 

model 

SP TFL (SOLTIVE 

Premium, Olympus, 

MA, USA) 

To compare TFL and Ho:YAG 

for fragment size, scope 

deflection, and irrigation flow 

rate during in situ lower pole 

lithotripsy 

Chen 2023 

(51) 

In 

vitro 

Stone 

samples 

alone 

TFL-50/500-QCW-

AC (IPG Photonics, 

Oxford, MA, USA) 

To explore the stone ablation 

characteristics of TFL and 

examine the associated 

mechanisms 

Chew 2023 

(52) 

In 

vitro 

Stone 

samples 

alone 

SP TFL (SOLTIVE, 

Olympus, Oxford, 

MA, USA) 

To compare the fragmentation 

capabilities of the novel SP 

TFL with Ho:YAG lasers 

Chicaud 

2024 (53) 

In 

vitro 

Stone 

samples 

alone 

Thulio p-Tm:YAG  

(Dornier-Medtech, 

Katlenburg-Lindau, 

Germany) and TFL 

(Coloplast, 

Humlebaek, Denmark)  

To characterize the p-Tm-YAG 

laser, determine its ROF, and 

compare p-Tm:YAG, Ho:YAG, 

and TFL efficiency using 

ablation volumes 

Ding 2024 

(54) 

Ex 

vivo 

Ex vivo 

porcine 

model 

SP TFL (A-ONE 

Laikai Medical 

Devices, Beijing, 

China)  

To investigate the optimal 

temperature control and the 

irrigation flow rate for SP TFL 

Fried 2005 

(55) 

In 

vitro 

Stone 

samples 

alone 

Model TLR-110-1940 

(IPG Photonics, 

Oxford, MA, USA) 

To test the feasibility of laser 

lithotripsy using a high-power 

Thulium fiber laser operated in 

pulsed mode 

Hajiha 2023 

(56) 

In 

vitro 

Silicone 

bladder 

model 

TFL (SOLTIVE 

Premium, Olympus, 

Tokyo, Japan) 

To compare time and cost 

efficiency of the TFL with 

laser powers and settings in the 

treatment of bladder stones in 

a bench-top model 

Hall 2019 

(57) 

In 

vitro 

Stone 

samples 

alone 

Model TLR 100-1908 

(IPG Photonics, 

Oxford, MA, USA) 

To investigate an automated, 

vibrating fiber optic tip for 

dusting of kidney stones 

during TFL lithotripsy 

Hardy 2014 

(58) 

In 

vitro 

Silicone 

ureter 

model 

Model TLR 100-1908 

(IPG Photonics, 

Oxford, MA, USA) 

To compare TFL and Ho:YAG  

laser times and total operation 

times necessary to fragment 

similar stones in an in vitro 

ureter model 
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Hutchens 

2013a (59) 

In 

vitro 

Stone 

samples 

alone 

Model TLR 100-1908 

(IPG Photonics, 

Oxford, MA, USA) 

To investigate the use of a 

hollow steel tip add-on for 

TFL lithotripsy  

Hutchens 

2013b (60) 

In 

vitro 

Stone 

samples 

alone 

Model TLR 100-1908 

(IPG Photonics, 

Oxford, MA, USA) 

To investigate a low-profile, 

easily detachable distal fiber 

tip interface for potential use 

in TFL lithotripsy 

Hutchens 

2017 (61) 

In 

vitro 

Stone 

samples 

alone 

Model TLR 100-1908 

(IPG Photonics, 

Oxford, MA, USA) 

To investigate a low profile, 

distal fiber tip “muzzle brake” 

to reduce stone retropulsion for 

potential use in TFL lithotripsy 

Huusmann 

2021 (62) 

Ex 

vivo 

Ex vivo 

porcine 

model 

RevoLix HTL 

prototype (LISA Laser 

products GmbH, 

Katlenburg-Lindau, 

Germany) 

To compare the tissue effects 

of the newly developed pulsed 

Tm:YAG laser with the 

established effects of CW 

Tm:YAG laser and the pulsed 

Ho:YAG laser 

Jiang 2022 

(63) 

Ex 

vivo 

Ex vivo 

porcine 

model 

sTFL XLR Multi-kW 

Laser System (IPG 

Photonics, Oxford, 

MA, USA) 

To compare ex vivo 

evaluations of TFL with 

Ho:YAG lasers, for stone 

fragmentation and stone 

clearance with a focus on 

dusting 

Jiang 2023 

(64) 
In vivo 

In vivo 

porcine 

model 

sTFL XLR Multi-kW 

Laser System (IPG 

Photonics, Oxford, 

MA, USA) 

To compare the effectiveness 

and efficiency of the SP TFL 

with the Ho:YAG laser for 

ureteroscopic ‘‘dusting’’ of 

renal stones in an in vivo 

porcine model 

Johnson 

2024 (65) 

In 

vitro 

Stone 

samples 

alone 

TFL (Coloplast, 

Minneapolis, MN, 

USA) 

To investigate the TFL’s 

ablative efficiency across 

various stone types and laser 

settings 

Kamal 2016 

(66) 

In 

vitro 

Stone 

samples 

alone 

Tm:YAG (Lisa laser 

products OHG, 

Katlenburg-Lindau, 

Germany) 

To compare retropulsion 

between Ho: YAG and Tm: 

YAG in different power 

settings 

Keller 2021 

(67) 

In 

vitro 

Stone 

samples 

alone 

TFL FiberLase U2 

(IPG  Photonics, 

Marlborough, MA, 

USA) 

To evaluate if stone dust can 

be obtained from all prevailing 

stone composition types using 

TFL for lithotripsy 

Kilinc 2024 

(68) 

In 

vitro 

Stone 

samples 

alone 

Fiber Dust Pro TFL 

(Quanta Systems, 

Samarate, Italy) 

To analyze the chemical 

content of the gas products 

formed during the lithotripsy 

of cystine stone with TFL 
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Kraft 2022a 

(69) 

In 

vitro 

Stone 

samples 

alone 

YLR-2000-U (IPG 

Photonics, IRE-Polus, 

Fryazino, Russia) 

To compare the fragmentation 

efficiency of a novel, pulsed 

Tm:YAG to that of a chopped 

TFL and a pulsed Ho:YAG 

laser for lithotripsy 

Kraft 2022b 

(70) 

In 

vitro 

Stone 

samples 

alone 

TFL FiberLase U2 

(IPG  Photonics, 

Marlborough, MA, 

USA) 

To compare the p-Tm:YAG’s 

dusting efficiency with that of 

a chopped TFL  

Kutchukian 

2023 (71) 

In 

vitro 

Stone 

samples 

alone 

TFL (NTO IRE-Polus, 

Fryazino, Russia) 

To compare the Ho:YAG and 

TFL ablation volumes 

Kwok 2023a 

(72) 

In 

vitro 

Stone 

samples 

alone 

Thulio p-Tm:YAG 

(Dornier MedTech -

GmbH, Wessling, 

Germany) 

To evaluate whether stone dust 

can be obtained from all 

prevailing stone composition 

types using the novel p-

Tm:YAG 

Kwok 2023b 

(73) 

In 

vitro 

Stone 

samples 

alone 

Thulio p-Tm:YAG 

(Dornier MedTech -

GmbH, Wessling, 

Germany) 

To evaluate p-Tm:YAG 

ablation efficiency for stone 

dust from human urinary 

stones of known compositions 

Liu 2021 

(74) 

In 

vitro 

Stone 

samples 

alone 

SP TFL (Raykeen 

Laser Technology 

Limited Corporation, 

Shanghai, China) 

To investigate the ablation 

efficiency of SP TFL with 

different laser settings and 

fiber usage 

Li 2024 (75) 
Ex 

vivo 

Ex vivo 

porcine 

model 

Urolase TFL 

(Raykeen, Shanghai, 

China) 

To identify optimal parameters 

for using TFL in ureteral stone 

lithotripsy to ensure laser 

safety and maximize efficacy 

Martov 2024 

(76) 

Ex 

vivo 

Ex vivo 

porcine 

model 

FiberLase U-MAX SP 

TFL (IPG Medical, 

Marlborogh, MA, 

USA) 

To evaluate safety and efficacy 

of the SP TFL fragmentation 

mode in ureteroscopy and mini 

percutaneous nephrolithotomy 

Miller 2023 

(77) 

In 

vitro 

Silicone 

kidney 

model 

SP TFL (SOLTIVE, 

Olympus) 

To compare image distortion 

using different laser power 

settings and distances from the 

laser fiber tip to the scope for 

the SP TFL laser and high-

power Ho:YAG laser 

Mishra 2024 

(78) 

In 

vitro 

Silicone 

kidney 

model 

TFL (IPG Photonics, 

Oxford, MA, USA) 

To explore the optimal laser 

settings and treatment 

strategies for TFL lithotripsy 

Molina 2021 

(79) 

Ex 

vivo 

Ex vivo 

porcine 

model 

SP TFL (SOLTIVE, 

Olympus, MA, USA) 

To compare the temperature 

profile of both the 120 W 

Ho:YAG and the 60 W SP TFL 
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systems during ureteral 

lithotripsy 

Nakao 2024 

(80) 

In 

vitro 

Stone 

samples 

alone 

Rovolix HTL p-

Tm:YAG laser (LISA 

Laser Products 

GmbH, Katlenburg-

Lindau, Germany)  

To evaluate the efficacy of the 

p-Tm:YAG laser versus pulse-

modulated Ho:YAG laser for 

dusting lithotripsy using an 

optical motion capture system 

Okhunov 

2021 (81) 
In vivo 

In vivo 

porcine 

model 

NR 

To examine the intrarenal fluid 

and tissue temperature 

alterations during dusting and 

fragmentation with the TFL in 

an in vivo porcine kidney 

Pal 2019 

(82) 

In 

vitro 

Stone 

samples 

alone 

In-house 

To investigate a continuous 

wave (CW), as well as quasi-

CW (QCW) all-fiber thulium 

laser at 1.94 μm in air-cooled 

operation 

Panthier 

2021 (83) 

In 

vitro 

Stone 

samples 

alone 

TFL (IPG  Photonics, 

Russia) 

To compare ablation rates, 

fissures and fragments’ size 

with 150µm or 272µm with 

different laser settings using 

TFL and Ho:YAG lithotripsy  

Panthier 

2022 (84) 

In 

vitro 

Stone 

samples 

alone 

TFL generator (IPG  

Photonics, Russia) 

To evaluate the optimal 

displacement velocity for both 

Ho:YAG and Tm-Fiber laser 

within the laser settings 

Panthier 

2024 (85) 

In 

vitro 

Stone 

samples 

alone 

TFL (IPG  Photonics, 

Russia) 

To evaluate the ablation 

volume per pulse and required 

energy needed to ablate 1 

cubic mm of various stone 

types at different laser settings 

with TFL 

Peng 2020 

(86) 

In 

vitro 

Stone 

samples 

alone 

SP TFL (Raykeen 

Laser Technology 

Limited Corporation, 

Shanghai, China) 

To investigate the thermal 

effect on the water by a SP 

TFL designed for lithotripsy 

and evaluate the safety of this 

laser for clinical use 

Peteinaris 

2023 (87) 
In vivo 

In vivo 

porcine 

model 

Fibre Dust TFL 

(Quanta Systems, 

Samarate, Italy) 

To evaluate the possible 

histopathological alterations 

that occur in the kidneys due to 

a continuous temperature 

increase using a newly 

introduced TFL 
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Petzold 

2021a (88) 

In 

vitro 

Stone 

samples 

alone 

Dornier MedTech 

Laser GmbH, 

Wessling, Germany 

To investigate retropulsion 

forces generated by two laser 

lithotripsy devices, a standard 

Ho:YAG and a new pulsed 

solid-state Thulium laser 

device 

Petzold 

2021b (89) 

In 

vitro 

Stone 

samples 

alone 

Dornier MedTech 

Laser GmbH, 

Wessling, Germany 

To examine the dusting 

performance of a novel solid 

state Thulium laser device 

compared to a standard 

Ho:YAG device 

Petzold 

2021c (90) 

In 

vitro 

Stone 

samples 

alone 

Dornier MedTech 

Laser GmbH, 

Wessling, Germany 

To examine gas bubbles 

generated by two laser 

lithotripsy devices, a pulsed 

Thulium solid-state laser and a 

Ho:YAG device, and their 

possible effects in lithotripsy 

Scott 2009 

(91) 

In 

vitro 

Stone 

samples 

alone 

Model TLR 110-1908 

(IPG Photonics, 

Oxford, MA, USA) 

To investigate the use of TFL 

compared to Ho:YAG 

lithotripsy in terms of fibre 

damage, irrigation, and 

efficiency 

Shen 2024 

(92) 

Ex 

vivo 

Ex vivo 

porcine 

model 

LAKH Medical 

Instrument Co., 

Beijing, China 

To assess the ablation 

efficiency of the SP TFL and 

investigate the thermal effects 

of SP TFL 

Sierra 2022b 

(93) 

In 

vitro 

Silicone 

ureter 

model 

Fiber Dust TFL 

(Quanta Systems, 

Samarate, Italy) 

To evaluate using an inanimate 

model the thermal injury and 

laser efficiency in hands of 

junior and experienced 

urologists during Ho:YAG and 

TFL lithotripsy 

Sierra 2023 

(94) 

In 

vitro 

Silicone 

ureter 

model 

Fiber Dust TFL 

(Quanta Systems, 

Samarate, Italy) 

To evaluate low-power settings 

to manage TFL lithotripsy 

dusting efficiency 

Sierra 2024a 

(95) 

In 

vitro 

Silicone 

ureter 

model 

Thulio p-Tm:YAG 

(Dornier MedTech -

GmbH, Wessling, 

Germany) and TFL 

(Olympus, Tokyo, 

Japan) 

To evaluate the ablation speed, 

laser efficiency and direct 

thermal lesions during urinary 

stone lithotripsy with the 

current available laser 

technologies including TFL 

Sierra 2024b 

(96) 

In 

vitro 

Silicone 

ureter 

model 

TFL (Coloplast, 

Humlebaek, Denmark) 

To evaluate the stone ablation 

rate and direct thermal damage 

from TFL lithotripsy using 

continuous and burst 
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techniques on an in vitro 

ureteral model 

Soto-Palou 

2023 (97) 

In 

vitro 

Stone 

samples 

alone 

TLR-50 (IPG 

Photonics, Oxford, 

MA, USA) 

To assess the efficiency of the 

TFL platform in an automated 

in vitro dusting model 

Taratkin 

2020 (98) 

In 

vitro 

Stone 

samples 

alone 

SP TFL (NTO IRE-

Polus, Fryazino, 

Russia) 

To compare the thermal effects 

of Ho:YAG and Tm-fiber 

lasers during lithotripsy in an 

in vitro model via real-time 

temperature measurement 

Taratkin 

2021b (99) 

In 

vitro 

Silicone 

kidney 

model 

SP TFL (NTO IRE-

Polus, Fryazino, 

Russia) 

To investigate the thermal 

effects, stone retropulsion and 

ablation rate of SP TFL with 

two different surgical fibers of 

200 and 150 μm 

Taratkin 

2021c (100) 

In 

vitro 

Stone 

samples 

alone 

SP TFL (NTO IRE-

Polus, Fryazino, 

Russia) 

To identify the prevailing 

mechanism of stone ablation 

by evaluating the stone mass‐

loss after laser lithotripsy in 

different media 

Tianfu 2023 

(101) 

In 

vitro 

Silicone 

kidney 

model 

SP TFL (LAKH 

Medical Instrument 

Co., Beijing, China) 

To investigate temperature 

changes around the fibres of 

the SP TFL during in vitro 

lithotripsy 

Wanderling 

2024 (102) 

in 

vitro 

Hydrogel 

kidney 

model 

TFL (SOLVITE 

Premium, Olympus) 

To evaluate performance of 

TFL compared to Ho:YAG 

lithotripsy in different settings 

in a hydrogel model 

Wilson 

2015a (103) 

Ex 

vivo 

Ex vivo 

porcine 

ureteral 

tissue 

Model TLR 110-1908 

(IPG Photonics, 

Oxford, MA, USA) 

To provide safety data on use 

of the TFL during lithotripsy, 

concerning induced damage to 

the porcine ureter wall and to 

typical instrumentation such as 

Nitinol stone baskets 

Wilson 

2015b (104) 

In 

vitro 

Stone 

samples 

alone 

Model TLR 110-1908 

(IPG Photonics, 

Oxford, MA, USA) 

To describe testing of a novel 

miniaturized and integrated 

hollow steel tip fiber and stone 

basket device with TFL 

Wilson 2016 

(105) 

In 

vitro 

Stone 

samples 

alone 

Model TLR 110-1908 

(IPG Photonics, 

Oxford, MA, USA) 

To investigate a miniature ball-

tip fiber design for TFL 

lithotripsy 

Yang 2023 

(106) 

In 

vitro 

Stone 

samples 

alone 

NR 

To investigate stone ablation 

rate between TFL and Ho:YAG 

lasers in an automated 

benchtop model 
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Zhang 2015 

(107) 

In 

vitro 

Stone 

samples 

alone 

In-house Tm:YAG 

To investigate ablation 

lithotripsy with novel Q-switch 

Tm:YAG laser 

TFL: Thulium fiber laser, Ho:YAG: Holmium-YAG. 

 

 

 

 

Supplementary Figure 1. Risk of bias assessment for randomized clinical studies using RoB 2 

tool. 
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Supplementary Figure 2. Risk of bias assessment for non-randomized cohort clinical studies 

using ROBINS-I tool. 
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Supplementary Figure 3. Choropleth maps showing counts by country of lead for pre-clinical 

(A) and clinical (B) thulium fibre laser lithotripsy studies.  
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Supplementary Figure 4. Pie charts showing journal distributions for pre-clinical (A) and 

clinical (B) thulium fibre laser lithotripsy studies. Singleton journal entries are counted under 

Other.  
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