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Advances in the Treatment of Urolithiasis: From Laser 
Lithotripsy to Extracorporeal Shock Wave Therapy 
Abstract: Urolithiasis,	 or	 kidney	 stone	 disease,	 is	 a	 common	 urological	 condition	 characterized	 by	 the	
formation	of	stones	in	the	urinary	tract.	Over	the	past	few	decades,	advancements	in	treatment	options	
have	 significantly	 improved	 patient	 outcomes,	 transitioning	 from	 invasive	 open	 surgeries	 to	 highly	
effective	minimally	invasive	techniques.	Among	these,	laser	lithotripsy,	particularly	with	Holmium	lasers,	
and	extracorporeal	 shock	wave	 lithotripsy	 (ESWL)	 stand	out	 as	major	 advancements.	 Laser	 lithotripsy	
offers	precise	stone	fragmentation,	high	success	rates,	and	the	ability	to	treat	various	stone	types,	while	
ESWL	provides	a	non-invasive	option	for	smaller	stones.	Recent	innovations,	such	as	thulium	fiber	laser	
lithotripsy,	robot-assisted	surgery,	and	micro-invasive	techniques,	further	enhance	the	efficacy	and	safety	
of	 stone	 management,	 offering	 faster	 recovery	 times	 and	 improved	 patient	 outcomes.	 This	 review	
explores	 the	 epidemiology,	 pathophysiology,	 and	 cutting-edge	 treatment	 modalities	 for	 urolithiasis,	
emphasizing	 the	role	of	 laser	 lithotripsy	and	ESWL,	along	with	emerging	 technologies	 that	are	shaping	
the	future	of	kidney	stone	treatment.	
	
Keywords:	 Urolithiasis,	 laser	 lithotripsy,	 extracorporeal	 shock	 wave	 therapy,	 Holmium	 laser,	 thulium	
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INTRODUCTION	
Urolithiasis,	commonly	known	as	kidney	stone	disease,	is	one	of	the	most	prevalent	urological	conditions,	
affecting	millions	of	people	worldwide.	It	is	characterized	by	the	formation	of	stones	in	the	urinary	tract,	
which	 can	 occur	 in	 the	 kidneys,	 ureters,	 bladder,	 or	 urethra.	 These	 stones	 are	 composed	 of	 various	
materials,	most	commonly	calcium	oxalate,	but	can	also	include	uric	acid,	struvite,	and	cystine.[1-3]	
	

The	management	 of	 urolithiasis	 has	 evolved	 significantly	 over	 the	past	 few	decades.	Historically,	 open	
surgery	was	 the	 primary	 treatment	 option	 for	 large	 or	 obstructive	 stones.	 However,	 advancements	 in	
minimally	 invasive	 techniques	 have	 revolutionized	 stone	 management,	 providing	 safer	 and	 more	
effective	 options	 for	 patients.	 Among	 these,	 laser	 lithotripsy	 and	 extracorporeal	 shock	 wave	 therapy	
(ESWL)	stand	out	as	two	of	the	most	commonly	used	and	advanced	techniques.[4,5]	
	

This	 review	article	will	 explore	 the	various	advances	 in	 the	 treatment	of	urolithiasis,	 focusing	on	 laser	
lithotripsy,	 extracorporeal	 shock	 wave	 therapy,	 and	 other	 emerging	 techniques.	 It	 will	 discuss	 their	
efficacy,	 indications,	 limitations,	 and	 trends,	 providing	 a	 comprehensive	 understanding	 of	 the	 current	
state	of	urolithiasis	management.	
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Epidemiology	and	Pathophysiology	of	Urolithiasis	[5-8]	
1.	Global	Prevalence	of	Urolithiasis	
The	prevalence	of	urolithiasis	has	increased	over	the	last	few	decades,	largely	due	to	changes	in	dietary	
habits,	 lifestyle,	 and	 increasing	 rates	 of	 obesity	 and	 metabolic	 syndrome.	 It	 is	 estimated	 that	
approximately	10-15%	of	the	global	population	will	experience	a	kidney	stone	during	their	lifetime,	with	
a	recurrence	rate	of	nearly	50%	within	5	to	10	years	of	the	initial	episode.	
	
Urolithiasis	is	more	common	in	men	than	in	women,	with	peak	incidence	occurring	between	the	ages	of	
30	and	50	years.	Geographic	factors	also	influence	the	prevalence,	with	higher	rates	observed	in	regions	
with	warm	climates,	such	as	the	"stone	belt"	in	the	southeastern	United	States,	parts	of	the	Middle	East,	
and	 India.	 Dehydration	 and	 low	 fluid	 intake	 are	 key	 contributors	 to	 stone	 formation,	 as	 they	 lead	 to	
concentrated	urine	and	increased	supersaturation	of	stone-forming	salts.	
	
2.	Pathophysiology	of	Stone	Formation	
The	formation	of	urinary	stones	occurs	when	the	concentration	of	stone-forming	substances	in	the	urine	
exceeds	 their	 solubility,	 leading	 to	 crystallization.	 Several	 factors	 contribute	 to	 the	 pathogenesis	 of	
urolithiasis:	

• Supersaturation:	 When	 the	 urine	 becomes	 supersaturated	 with	 minerals	 such	 as	 calcium,	
oxalate,	or	uric	acid,	crystals	begin	to	form,	serving	as	the	foundation	for	stone	growth.	

• Crystallization:	These	crystals	aggregate	and	form	stones	when	they	are	not	adequately	flushed	
out	of	the	urinary	system	due	to	low	urine	volume	or	abnormal	urinary	tract	anatomy.	

• Inhibitors	 and	 Promoters:	 The	 balance	 between	 promoters	 (e.g.,	 calcium,	 oxalate)	 and	
inhibitors	(e.g.,	citrate)	of	crystallization	determines	whether	stones	will	form.	Individuals	with	
low	levels	of	urinary	inhibitors,	such	as	citrate,	are	at	increased	risk	of	stone	formation.	

• Metabolic	 Factors:	 Conditions	 such	 as	 hypercalciuria,	 hyperoxaluria,	 hyperuricosuria,	 and	
hypocitraturia	 play	 a	 crucial	 role	 in	 the	 pathophysiology	 of	 urolithiasis.	 These	 metabolic	
abnormalities	may	be	influenced	by	diet,	genetics,	or	underlying	medical	conditions	such	as	gout,	
obesity,	and	diabetes.	

 
Advances	in	the	Diagnosis	of	Urolithiasis	[8-10]	

Advances	 in	 diagnostic	 imaging	 have	 significantly	 improved	 the	 early	 detection	 and	 characterization	 of	
urolithiasis.	 Non-invasive	 imaging	 techniques	 play	 a	 crucial	 role	 in	 determining	 the	 size,	 location,	 and	
composition	of	stones,	guiding	treatment	decisions.	
	
1.	Computed	Tomography	(CT)	Scans	
Non-contrast	 CT	 scans	 are	 considered	 the	 gold	 standard	 for	 diagnosing	 kidney	 stones	 due	 to	 their	 high	
sensitivity	and	specificity.	CT	can	detect	even	small	stones	that	may	be	missed	on	other	imaging	modalities	
and	provides	valuable	information	about	the	stone's	density	and	composition,	which	can	influence	treatment	
decisions.	
	
2.	Ultrasound	
Ultrasound	 is	a	 commonly	used	 imaging	modality,	 especially	 in	 emergency	 settings,	 due	 to	 its	availability	
and	lack	of	radiation	exposure.	It	is	particularly	useful	for	detecting	hydronephrosis	(swelling	of	the	kidney	
due	 to	 urine	 buildup),	 but	 it	 may	 be	 less	 effective	 at	 identifying	 smaller	 stones	 or	 stones	 located	 in	 the	
ureters.	
	
3.	Dual-Energy	CT	(DECT)	
Recent	 advancements	 in	 dual-energy	 CT	 have	 enabled	 more	 precise	 identification	 of	 the	 chemical	
composition	of	kidney	stones.	This	 information	helps	tailor	treatment	strategies,	as	certain	stones,	such	as	
uric	 acid	 stones,	 can	 be	 dissolved	 with	medical	 therapy,	 whereas	 others,	 such	 as	 calcium	 oxalate	 stones,	
require	intervention.	
	
Laser	Lithotripsy:	A	Technological	Breakthrough	in	Stone	Fragmentation	[11-13]	
1.	Mechanism	of	Action	
Laser	lithotripsy,	particularly	Holmium	
(yttrium	 aluminum	 garnet)	 laser	 lithotripsy,	 is	 considered	 one	 of	 the	most	 effective	methods	 for	 treating	
urinary	stones.	It	uses	a	laser	fiber	to	deliver	energy	directly	to	the	stone,	causing	it	to	fragment	into	smaller	
pieces	that	can	be	passed	naturally	or	removed	with	an	endoscope.	
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The	Holmium	 laser	works	by	emitting	 short	bursts	of	 laser	energy,	which	generate	heat	and	create	 shock	
waves	 that	 disrupt	 the	 stone's	 structure.	 This	 technology	 is	 effective	 against	 a	wide	 range	 of	 stone	 types,	
including	hard	stones	such	as	calcium	oxalate	and	cystine,	as	well	as	softer	stones	like	uric	acid.	
	
2.	Indications	for	Laser	Lithotripsy	
Laser	lithotripsy	is	commonly	used	in	patients	with:	

• Ureteral	stones:	Laser	lithotripsy	is	highly	effective	in	treating	stones	located	in	the	ureters,	where	
access	with	endoscopic	instruments	is	straightforward.	

• Large	 or	 complex	 kidney	 stones:	 It	 is	 often	 used	 in	 conjunction	with	 flexible	 ureteroscopy	 for	
larger	stones	that	may	not	be	suitable	for	shock	wave	therapy.	

• Stones	 resistant	 to	other	 treatments:	Stones	that	do	not	respond	to	extracorporeal	shock	wave	
therapy	or	medical	therapy	may	be	treated	effectively	with	laser	lithotripsy.	

	
3.	Advantages	of	Laser	Lithotripsy	

• High	Success	Rates:	Laser	lithotripsy	has	a	high	stone-free	rate,	often	exceeding	90%,	depending	
on	the	stone	size	and	location.	

• Minimally	Invasive:	The	procedure	is	performed	endoscopically,	through	the	urethra,	without	the	
need	for	incisions	or	external	access,	resulting	in	shorter	recovery	times	and	reduced	complications.	

• Safe	for	All	Stone	Types:	Unlike	extracorporeal	shock	wave	therapy,	which	may	be	less	effective	for	
certain	 stone	 types	 or	 locations,	 laser	 lithotripsy	 can	 be	 used	 to	 treat	 all	 stone	 compositions,	
including	dense	calcium	oxalate	and	cystine	stones.	

• Precise	and	Controlled	Fragmentation:	The	laser	can	fragment	stones	 into	very	small	particles	
("dusting"),	reducing	the	likelihood	of	requiring	multiple	procedures.	

	
4.	Limitations	of	Laser	Lithotripsy	

• Cost:	 Laser	 lithotripsy	 equipment	 is	 expensive,	 and	 the	 procedure	 can	 be	 costly,	 particularly	 in	
healthcare	systems	with	limited	resources.	

• Duration:	 The	 procedure	 can	 be	 time-consuming,	 especially	 for	 large	 or	 multiple	 stones,	 as	 the	
laser	may	need	to	be	applied	repeatedly	to	break	the	stone	into	passable	fragments.	

• Potential	 Complications:	 While	 the	 procedure	 is	 generally	 safe,	 risks	 include	 ureteral	 injury,	
infection,	 and	 residual	 stone	 fragments	 (known	 as	 "stone	 dust"),	 which	 may	 require	 follow-up	
procedures.	

 
Extracorporeal	Shock	Wave	Therapy	(ESWL):	A	Non-Invasive	Option	[14-16]	

1.	Mechanism	of	Action	
Extracorporeal	shock	wave	lithotripsy	(ESWL)	is	a	non-invasive	technique	that	uses	focused	shock	waves	
generated	 outside	 the	 body	 to	 break	 kidney	 stones	 into	 smaller	 fragments,	which	 can	 then	 be	 passed	
naturally	 in	 the	 urine.	 The	 shock	 waves	 are	 targeted	 at	 the	 stone	 using	 imaging	 guidance	 (usually	
ultrasound	or	fluoroscopy),	causing	the	stone	to	fragment.	
	
2.	Indications	for	ESWL	
ESWL	is	primarily	indicated	for	small	to	medium-sized	stones	located	in	the	kidney	or	upper	ureter.	It	is	
most	effective	for	stones	less	than	2	cm	in	diameter	and	those	composed	of	softer	materials,	such	as	uric	
acid	or	calcium	phosphate.	
	
3.	Advantages	of	ESWL	

• Non-Invasive:	 ESWL	 is	 completely	 non-invasive,	 requiring	 no	 incisions	 or	 endoscopic	
instruments.	It	 is	performed	on	an	outpatient	basis,	allowing	patients	to	return	home	the	same	
day.	

• Quick	Recovery:	Patients	typically	experience	minimal	recovery	time	and	can	return	to	normal	
activities	within	a	few	days	of	the	procedure.	

• Minimal	 Risk	 of	 Infection:	 As	 there	 is	 no	 need	 for	 entry	 into	 the	 urinary	 tract,	 the	 risk	 of	
infection	is	lower	compared	to	other	surgical	procedures.	

	
4.	Limitations	of	ESWL	

• Efficacy	for	Larger	Stones:	ESWL	is	less	effective	for	larger	stones	(greater	than	2	cm)	or	stones	
located	in	the	lower	ureter.	These	stones	may	require	multiple	sessions	or	alternative	treatments	
such	as	laser	lithotripsy	or	percutaneous	nephrolithotomy	(PCNL).	
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• Complications:	Potential	complications	include	renal	injury,	hematoma	formation,	and	residual	
stone	 fragments	 that	 may	 require	 additional	 procedures	 to	 remove.	 There	 is	 also	 a	 risk	 of	
"steinstrasse,"	 a	 condition	 where	 fragments	 obstruct	 the	 ureter,	 causing	 pain	 and	 possible	
infection.	

• Reduced	Effectiveness	 for	Certain	Stone	Types:	 ESWL	 is	 less	 effective	 for	 very	hard	 stones,	
such	 as	 calcium	 oxalate	 monohydrate	 or	 cystine	 stones,	 which	 may	 require	 alternative	
treatments.	

	
 
Other	Minimally	Invasive	Techniques	in	Urolithiasis	Management	[1,2,17-19]	

1.	Ureteroscopy	(URS)	
Ureteroscopy	 is	 a	 common	 procedure	 used	 to	 treat	 stones	 located	 in	 the	 ureters	 or	 kidneys.	 During	
ureteroscopy,	a	thin,	flexible	scope	is	passed	through	the	urethra	and	bladder	into	the	ureter,	allowing	the	
surgeon	to	visualize	and	remove	the	stone	or	break	it	into	smaller	pieces	using	laser	lithotripsy.	

• Advantages:	Ureteroscopy	is	highly	effective	for	ureteral	stones	and	offers	a	minimally	invasive	
approach	with	high	stone-free	rates.	

• Limitations:	 The	 procedure	 requires	 general	 anesthesia,	 and	 complications	 such	 as	 ureteral	
perforation	or	stricture	formation	may	occur.	

	
2.	Percutaneous	Nephrolithotomy	(PCNL)	
PCNL	 is	 a	 minimally	 invasive	 surgical	 procedure	 used	 to	 remove	 large	 or	 complex	 kidney	 stones.	 It	
involves	making	a	 small	 incision	 in	 the	patient's	back	 to	 insert	a	nephroscope	directly	 into	 the	kidney,	
allowing	the	surgeon	to	break	up	and	remove	the	stone.	

• Advantages:	PCNL	 is	 the	 treatment	of	 choice	 for	 large	stones	 (greater	 than	2	cm)	or	 staghorn	
calculi,	providing	high	success	rates	and	complete	stone	removal.	

• Limitations:	PCNL	is	more	invasive	than	ureteroscopy	or	ESWL,	with	a	longer	recovery	time	and	
higher	risk	of	complications,	such	as	bleeding	or	infection.	

	
Emerging	Technologies	and	Trends	in	Urolithiasis	Treatment	[20-22]	
Advances	 in	 technology	 continue	 to	 improve	 the	 treatment	 of	 urolithiasis,	 offering	 new	 options	 for	
patients	and	refining	existing	techniques	to	enhance	safety,	efficacy,	and	patient	outcomes.	
	
1.	Thulium	Fiber	Laser	Lithotripsy	
Thulium	fiber	laser	lithotripsy	is	a	newer	technology	that	has	demonstrated	several	advantages	over	the	
Holmium	
laser.	 It	 delivers	 higher	 energy	 levels	 at	 lower	 power	 settings,	 resulting	 in	 more	 efficient	 stone	
fragmentation	with	reduced	heat	generation.	

• Benefits:	Thulium	fiber	 laser	allows	 for	 faster	 fragmentation	and	"dusting"	of	stones,	 reducing	
the	need	for	basket	retrieval	of	fragments	and	improving	procedure	times.	

• Future	Potential:	As	 thulium	 laser	 technology	becomes	more	widely	 available,	 it	may	 replace	
Holmium	
as	the	standard	for	laser	lithotripsy,	particularly	for	complex	or	difficult-to-reach	stones.	

	
2.	Robot-Assisted	Surgery	
Robot-assisted	techniques,	such	as	robot-assisted	PCNL,	are	emerging	as	alternatives	to	traditional	stone	
surgery.	Robotic	systems	provide	enhanced	precision	and	dexterity,	particularly	in	complex	cases	where	
manual	dexterity	is	limited.	

• Advantages:	 Robotic	 assistance	 allows	 for	 more	 precise	 movements,	 reduced	 trauma	 to	
surrounding	tissues,	and	shorter	recovery	times.	

• Challenges:	The	high	cost	and	need	for	specialized	training	may	limit	the	widespread	adoption	
of	robotic-assisted	techniques	in	the	management	of	urolithiasis.	

	
3.	Micro-Invasive	Techniques	
Recent	 innovations	 in	 micro-invasive	 technology,	 such	 as	 miniaturized	 ureteroscopes	 and	 PCNL	
instruments	(mini-PCNL),	are	enabling	even	less	invasive	approaches	to	stone	removal.	These	techniques	
use	 smaller	 instruments	 to	 reduce	 tissue	 trauma	 and	 improve	 recovery	 times	while	maintaining	 high	
success	rates.	
	
CONCLUSION	
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The	treatment	of	urolithiasis	has	seen	significant	advancements	over	the	past	few	decades,	moving	from	
open	 surgery	 to	 minimally	 invasive	 techniques	 such	 as	 laser	 lithotripsy,	 extracorporeal	 shock	 wave	
therapy,	and	ureteroscopy.	These	advancements	have	revolutionized	the	management	of	kidney	stones,	
offering	safer,	more	effective,	 and	 less	 invasive	options	 for	patients.	Laser	 lithotripsy,	particularly	with	
Holmium	technology,	remains	a	gold	standard	for	many	stone	types,	while	ESWL	continues	to	provide	a	
non-invasive	option	 for	 smaller	 stones.	Emerging	 technologies,	 such	as	 thulium	 fiber	 lasers	 and	 robot-
assisted	 surgery,	 promise	 to	 further	 refine	 the	 treatment	 of	 urolithiasis,	 improving	 outcomes	 and	
reducing	recovery	times.	As	technology	continues	to	advance,	the	future	of	urolithiasis	management	will	
likely	 involve	 more	 personalized	 treatment	 approaches,	 combining	 advanced	 imaging,	 precision	 laser	
systems,	and	minimally	invasive	techniques	to	provide	optimal	care	for	patients	with	kidney	stones.	
 
REFERENCES	

1. Mayo	 Clinic.	 Kidney	 stones	 -	 Symptoms	 and	 causes	 [Internet].	 Available	 from:	
https://www.mayoclinic.org/diseases-conditions/kidney-stones/symptoms-causes/syc-20355755	

2. ScienceDirect.	 Kidney	 stone	 [Internet].	 Available	 from:	
https://www.sciencedirect.com/topics/medicine-and-dentistry/kidney-stone	

3. Allam	 EAH.	 Urolithiasis	 unveiled:	 pathophysiology,	 stone	 dynamics,	 types,	 and	 inhibitory	
mechanisms:	a	review.	Afr	J	Urol.	2024;30:34.	

4. Shafi	 H,	 Moazzami	 B,	 Pourghasem	 M,	 Kasaeian	 A.	 An	 overview	 of	 treatment	 options	 for	 urinary	
stones.	Caspian	J	Intern	Med.	2016	Winter;7(1):1-6.	

5. Bartoletti	R,	Cai	T.	Surgical	approach	 to	urolithiasis:	 the	state	of	art.	Clin	Cases	Miner	Bone	Metab.	
2008	May;5(2):142-4.	

6. Knoll	 T.	 Epidemiology,	 pathogenesis,	 and	 pathophysiology	 of	 urolithiasis.	 Eur	 Urol	 Suppl.	
2010;9(12):802-806.	

7. Trinchieri	 A.	 Epidemiology	 of	 urolithiasis:	 an	 update.	 Clin	 Cases	 Miner	 Bone	 Metab.	 2008	
May;5(2):101-6.	

8. Abou-Elela	A.	Epidemiology,	pathophysiology,	and	management	of	uric	acid	urolithiasis:	A	narrative	
review.	J	Adv	Res.	2017;8(5):513-527.	

9. Andrabi	 Y,	 Patino	 M,	 Das	 CJ,	 Eisner	 B,	 Sahani	 DV,	 Kambadakone	 A.	 Advances	 in	 CT	 imaging	 for	
urolithiasis.	Indian	J	Urol.	2015	Jul-Sep;31(3):185-93.	

10. Al-Shawi	 MM,	 Aljama	 NA,	 Aljedani	 R,	 Alsaleh	 MH,	 Atyia	 N,	 Alsedrah	 A,	 Albardi	 M.	 The	 Role	 of	
Radiological	 Imaging	 in	 the	 Diagnosis	 and	 Treatment	 of	 Urolithiasis:	 A	 Narrative	 Review.	 Cureus.	
2022	Dec	28;14(12):e33041.	

11. Tzelves	L,	Somani	B,	Berdempes	M,	Markopoulos	T,	Skolarikos	A.	Basic	and	advanced	technological	
evolution	of	laser	lithotripsy	over	the	past	decade:	An	educational	review	by	the	European	Society	of	
Urotechnology	Section	of	the	European	Association	of	Urology.	Turk	J	Urol.	2021	May;47(3):183-192.	

12. Lee	 SH,	 Jeon	 SH.	 Lasers	 for	 the	 treatment	 of	 urinary	 stone	 disease.	 Investig	 Clin	 Urol.	 2021	
May;62(3):241-242.	

13. Strittmatter	F,	Eisel	M,	Brinkmann	R,	Cordes	J,	Lange	B,	Sroka	R.	Laser-induced	lithotripsy:	a	review,	
insight	into	laboratory	work,	and	lessons	learned.	Translational	Biophotonics.	2020;	2:e201900029.	

14. Auersperg	 V,	 Trieb	K.	 Extracorporeal	 shock	wave	 therapy:	 an	 update.	 EFORT	Open	Rev.	 2020	Oct	
26;5(10):584-592.	

15. Cleveland	 Clinic.	 Extracorporeal	 shock	 wave	 lithotripsy	 (ESWL)	 [Internet].	 Available	 from:	
https://my.clevelandclinic.org/health/procedures/extracorporeal-shock-wave-lithotripsy-eswl	

16. Johns	Hopkins	Medicine.	 Extracorporeal	 shock	wave	 lithotripsy	 (ESWL)	 [Internet].	 Available	 from:	
https://www.hopkinsmedicine.org/health/conditions-and-diseases/kidney-stones/extracorporeal-
shock-wave-lithotripsy-eswl#:~:text=ESWL%20is%20a%20noninvasive%20procedure	

17. Güzel	 R,	 Yildirim	 Ü,	 Sarica	 K.	 Contemporary	 minimal	 invasive	 surgical	 management	 of	 stones	 in	
children.	Asian	J	Urol.	2023	Jul;10(3):239-245.	

18. Bartoletti	R,	Cai	T.	Surgical	approach	 to	urolithiasis:	 the	state	of	art.	Clin	Cases	Miner	Bone	Metab.	
2008	May;5(2):142-4.	

19. Rodríguez	 D,	 Preminger	 GM,	 Assimos	 DG.	 Minimally	 invasive	 surgical	 treatment	 for	 kidney	 stone	
disease.	Adv	Chronic	Kidney	Dis.	2015;22(4):266-272.	

20. Tzelves	L,	Geraghty	RM,	Hughes	T,	Juliebø-Jones	P,	Somani	BK.	Innovations	in	Kidney	Stone	Removal.	
Res	Rep	Urol.	2023	Apr	11;15:131-139.	

21. He	M,	Dong	Y,	Cai	W,	Cai	J,	Xie	Y,	Yu	M,	Li	C,	Wen	L.	Recent	advances	in	the	treatment	of	renal	stones	
using	flexible	ureteroscopys.	Int	J	Surg.	2024	Jul	1;110(7):4320-4328.	

22. Kumar	B,	Kothiyal	P,	Mukhopadhyay	S.	Advancements	in	Urolithiasis	Treatment:	Current	Strategies,	
Future	 Challenges,	 and	 Integrating	 Traditional	 Wisdom	 into	 Modern	 Medicine:	 A	 Review.	
International	Journal	of	Pharmaceutical	Quality	Assurance.	2024;15(2):1094-1103.	

https://www.mayoclinic.org/diseases-conditions/kidney-stones/symptoms-causes/syc-20355755
https://www.sciencedirect.com/topics/medicine-and-dentistry/kidney-stone
https://my.clevelandclinic.org/health/procedures/extracorporeal-shock-wave-lithotripsy-eswl
https://www.hopkinsmedicine.org/health/conditions-and-diseases/kidney-stones/extracorporeal-shock-wave-lithotripsy-eswl#:~:text=ESWL%20is%20a%20noninvasive%20procedure
https://www.hopkinsmedicine.org/health/conditions-and-diseases/kidney-stones/extracorporeal-shock-wave-lithotripsy-eswl#:~:text=ESWL%20is%20a%20noninvasive%20procedure

