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Background: As occurrence rates of pediatric ureteral
stones have increased, evaluation of optimal treatment
modalities has become imperative. This study’s primary
goal is to compare outcomes between dusting and frag-
mentation techniques using Holmium:YAG (Ho:YAG)
laser lithotripsy in children with ureteral stones.
Methods: A prospective randomized study was con-
ducted at Aswan University Hospitals from June 2023 to
December 2024. One hundred children, under the age of
18, with single, mid- or distal, ureteral stones (5–20 mm)
were randomized into two groups. Group A received
laser dusting (0.2–0.6 J, 20–40 Hz), while Group B
received fragmentation (0.8–1.5 J, 10–15 Hz), both using

a 200-μm fiber. Stone-free rate (SFR), operative time,
complications, and other outcomes were evaluated.
Results: Demographics, laboratory parameters, stone
size, and location were similar across groups. Group B
had a significantly longer operative time but demon-
strated a higher SFR (86% vs. 66%). Basket use
was universal in the fragmentation Group (B) and
was the only independent predictor of stone-free status
(p = 0.035). Rates of complication, retreatment, and
ureteral injury did not differ significantly between the
two groups.
Conclusions: While both techniques are safe and effec-
tive in pediatric ureteroscopic lithotripsy, fragmentation
achieves a higher SFR at the cost of longer operative time
and mandatory basket use. As the dusting setting offers
shorter procedure times, both settings may be suitable
for selected cases depending on clinical factors such as
septic status.

Key Words: children, dusting, fragmenta-
tion, ureteral stones, ureteroscopic lithotripsy,
Holmium:YAG laser

Introduction

Several methods, such as ureteroscopic lithotripsy,
extracorporeal shock wave lithotripsy (ESWL), or
medical expulsive therapy, are widely available to
urologists as management options for ureteral cal-
culi.1–4 Historically, the usage of large ureteroscopes in
children, made endoscopic stone management diffi-
cult for urologists.5 However, this is no longer the case
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with the development of small-diameter endoscopes,
which are now the primary method for managing
pediatric urolithiasis.6 The emergence of ureteroscopy
in the pediatric population requires more investiga-
tive work that explores the optimization of many
factors. Complexity increases with consideration of
elements such as stone composition, size, and infec-
tion presence.

Through the direct visualization via ureteroscopy,
ureteral stones may be broken up using a range
of energy sources. Examples of such being the uti-
lization of laser, electrohydraulic, ultrasound, and
pneumatic techniques.1,2 Due to relatively low com-
plications and reduced incidence of stone upward
migration, the Ho:YAG laser has been used exten-
sively as an energy source during URS in recent
years.7 The laser medium in the system is a crys-
tal composed of Yttrium Aluminum Garnet (YAG),
doped with holmium ions. Diode lasers excite the
holmium-doped crystal, releasing photons in pulses.
This energy is transmitted through a flexible quartz
optical fiber to fragment the stone.8 Pulse energy (PE)
in joules and pulse frequency (PF) in hertz are multi-
plied to calculate the total power (watts, W) applied to
the stone. The variability of PE and PF determines the
lithotripsy setting that the Ho:YAG laser employs.9

The two settings often utilized in stone lithotripsy
are ‘fragmentation’ and ‘dusting’. Dusting mode is
defined by a low-energy (0.5 J) as well as a high-
frequency laser setting (15–20 Hz). On the other hand,
fragmentation mode uses a high-energy (1.5–2 J)
in conjunction with a low-frequency setting (5 Hz).
Both options result in the same amount of power
(7.5–10 W).10

Although the dusting method requires less time
to produce smaller fragments, it may be less effec-
tive for harder stones, such as cystine.11–13 Without
fragments, analysis is difficult, an important step
in the development of preventative plans.14 Stud-
ies suggest that the efficacy of dusting techniques
can be influenced by the surgeon’s skill.9 For stones
with compositions that require more force, the frag-
mentation technique works well. In simple cases, it
allows for the extraction of entire stones, allowing for
composition analysis. This ultimately works to pro-
vide potential etiologies important to prevention. The
stone’s retropulsion from using high-energy settings
and a longer operating time are some drawbacks.9

The energy, frequency, and pulse width parameters
allow for the adjustment of power.

Although dusting mode may reduce the risk of
ureteral damage, there is limited evidence to sug-
gest that one technique is definitively superior to the

other.8 Hence, the purpose of this study was to com-
pare fragmentation and dusting settings as treatment
methods for pediatric ureteral stones.

Patients and Methods

Study design
This prospective randomized trial was conducted at
Aswan University Hospitals between June 2023 and
December 2024. Ethical approval was obtained (IRB
No. Asw.Uni. /821/7/23), and informed consent was
obtained from all patients or their guardians. Individ-
uals younger than or equal to 18 years old was how
our study defined the pediatric population analyzed.
In order to be included in the study, the patients had
to have presented with a single ureteral stone located
in the mid- or distal third of the ureter. These stones
were required to be between 5–20 mm. Patients with
stones larger or greater than this range were excluded
from this study. Other exclusion criteria were patients
with multiple ureteral stones, patients with stones in
the upper third of the ureter, or patients with congen-
ital anomalies of the urinary tract. Patient selection
and randomization was modeled after a previous
study which analyzed the efficacy of fragmentation in
a similar pediatric population.15

All patients underwent standard preoperative
evaluation; including urinalysis, urine culture,
serum creatinine, blood urea nitrogen, complete
blood count, and coagulation profile.16 This workup
has previously been utilized in other papers
analyzing fragmentation vs. dusting in the pediatric
population15 Imaging used to analyze presence
of stones included ultrasound and non-contrast
CT. Patients were blindly randomized into either
the fragmentation or the dusting group via sealed
envelopes. Group A underwent dusting using
low pulse energy (0.2–0.6 J) and high frequency
(20–40 Hz), while Group B underwent fragmentation
using higher pulse energy (0.8–1.5 J) and lower
frequency (10–15 Hz).17 These respective settings
for fragmentation and dusting have been used in
previous trials concerning the pediatric population.15

A 200-μm laser fiber was used in all procedures.
Basket retrieval was used as needed based on the
surgeon’s discretion in the fragmentation group.

Techniques and endoscopic equipment
The techniques and endoscopic equipment utilized
are provided below to assist with reproducibility and
assessment of generalizability. The techniques and
endoscopic equipment utilized were modeled after
previous successful RCTs.15
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• All ureteroscopic procedures were performed by
the same team of surgeons. Under general or
spinal anesthesia, the patient was placed in the
lithotomy position.18 Routine prophylactic antibi-
otics were administered;19 and all procedures
were recorded.

• Fluoroscopic monitoring was available for use
in the operating room. All patients underwent
initial cystoscopy to place a safety guidewire.
After the guidewire was successfully advanced
beyond the stone and into the proximal ureter or
collecting system, ureteroscopy was performed
with a 7.3F Storz semirigid ureteroscope (KARL
STORZ, Tuttlingen, Germany). A safety wire was
in place for all cases.

• A ureteroscope was introduced into the ure-
thra. Ureterovesical junction (UVJ) dilatation was
omitted in all cases.

• Ureteroscope passed the UVJ, with the assistance
of a hydro-dilatation guided safety-wire. In
addition, oscillated movements allowed for
instrument tip rotation while keeping the
ureter centered. The ureteroscope advanced
through the ureter under the surgeon’s hand
control. During the lithotripsy process, we used
a Lumenis Pulse™ 120 Holmium YAG Laser
System with MOSES™ Technology (Boston
Scientific, MA, USA). Switching between the two
lithotripsy settings (fragmentation and dusting)
was performed by changing the laser settings:
low energy (0.2–0.6 J) and high frequency
(20–40 Hz) represented the dusting setting.
High energy (mm–1.5 J) and reduced frequency
(10–15 Hz) represented the fragmentation
setting. The stones were fragmented or dusted
until they could be removed with grasping
instruments, or were deemed small enough
to pass spontaneously. Follow-up imaging
consisted of renal tract ultrasonography and
plain abdominal film of the kidneys, ureters,
and bladder.

• A stone-free status was conferred by the absence
of any stone fragments on follow-up imaging at
4 to 6 weeks. The selected time-frame allowed
for ureters to recover from any postoperative
edema as a result of ureteroscopic manipulation
or effects of fragmentation. This also as well as
gave ample time for any fragments to clear spon-
taneously.20 A double-J stent was routinely placed
in both groups. Fragmentation time, operating
time, stone-free rate (SFR), and perioperative
complications were compared.

Postoperative evaluation
Operative duration was defined as the initial
insertion of the ureteroscope until completion of
stent placement. Postoperative evaluation involved
radiological assessment, either ultrasonography or
non-contrast computed tomography (CT), conducted
at 4 to 6 weeks post-intervention to determine
if patients were stone-free. Of importance, both
imaging modalities have significantly different
sensitivities.21 Stone clearance was defined as the
lack of stone fragments on radiography (CT scan
with lack of stones < 3 mm or US with lack of visible
stones/fragments). Radiology findings were required
in conjunction with the resolution of pre-operative
symptoms with no signs of re-occurrence in order for
patients to be considered stone-free. All postoperative
complications were classified in accordance with
the Clavien-Dindo grading system.22 Specifically, in
the dusting group, two patients experienced minor
post-operative hemorrhages related to the procedure
and were subsequently classified as Clavien-Dindo
grade I. Likewise, the fragmentation group had one
patient develop a minor postoperative hemorrhage,
also graded as Clavien-Dindo grade I.

Statistical analysis
Sample size determination was conducted using
G*Power statistical software (version 3.1.9.7 for
Windows; Heinrich-Heine-Universität Düsseldorf,
Germany), targeting a statistical power of 85% and a
Type I error rate (α) of 0.05, yielding a total sample
of 100 patients evenly distributed between two study
arms (n = 50 for each group). Data analysis was
performed utilizing SPSS Statistics version 26 (IBM
Corp., Armonk, NY, USA).23 Continuous variables
were compared using independent-sample t-tests,
whereas categorical variables were assessed via the
chi-square test or Fisher’s exact test, as appropri-
ate. Additionally, binary logistic regression analysis
was employed to identify independent predictors of
stone-free status. A p-value of less than 0.05 was con-
sidered indicative of statistical significance. Previous
studies have utilized G*Power statistical software for
the targeted patient demographic.15

Results

A total of 267 pediatric patients were screened during
the study period, of whom 100 met the inclusion
criteria and were randomized equally between the
two groups. There were no significant differences
in baseline characteristics/demographics between
Group A (dusting) and Group B (fragmentation).
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TABLE 1. Demographic characteristics

Variable Group A (Dusting) Group B (Fragmentation) p-value

Age (years, mean ± SD) 12.0 ± 4.2 11.9 ± 4.2 0.867
Sex (M/F) 35/15 33/17 0.668

Note. SD, standard deviation; M, male; F, female.

TABLE 2. Preoperative laboratory parameters

Variable Group A Group B p-value

Hemoglobin (g/dL) 12.3 ± 1.56 12.5 ± 1.4 0.496
WBC (×109/L) 7.0 ± 1.62 7.3 ± 1.83 0.429

Platelets (×109/L) 302.7 ± 65.4 298.8 ± 52.2 0.742
Creatinine (mg/dL) 0.8 ± 0.11 0.8 ± 0.1 0.077

Urea (mg/dL) 32 ± 4.42 30 ± 5.63 0.056
Pyuria (%) 22% 18% 0.617

Note. WBC, white blood cell.

TABLE 3. Stone and operative characteristics

Variable Group A Group B p-value

Stone size (mm) 12.8 ± 4.6 13.5 ± 4.5 0.417
Operative time (min) 72.9 ± 12.7 92.4 ± 14.4 <0.001

Stent insertion (%) 82% (41) 80% (40) 0.799
Kinked ureter (%) 40% (20) 46% (23) 0.545

Note. Values in parentheses reflect the number of patients in the
associated cohorts.

The mean age of patients was 12.0 ± 4.2 years
in Group A and 11.9 ± 4.2 years in Group B
(p = 0.867). Gender distribution was also compara-
ble, with no statistically significant differences noted
(p = 0.668). Table 1 summarizes the demographic
characteristics of both groups.

Preoperative laboratory parameters, including
hemoglobin, white blood cell count, platelet count,
serum creatinine, and blood urea nitrogen, showed
no significant differences between the two groups.
Pyuria was detected in 22% of patients in Group A
and 18% in Group B. These findings are summarized
in Table 2.

Regarding stone and operative characteristics, the
average stone size was 12.8 ± 4.6 mm in Group A
and 13.5 ± 4.5 mm in Group B (p = 0.417). Stone
laterality and the presence of ureteral kinks were
comparable across both groups. However, the mean

operative time was significantly longer in Group B
(92.4 ± 14.4 min) compared to Group A (72.9 ± 12.7
min, p < 0.001). Stent insertion was performed in 82%
of Group A and 80% of Group B patients. Table 3
presents detailed operative data.

In terms of postoperative outcomes, the SFR was
significantly higher in Group B (86%) than in Group A
(66%), with a p-value of 0.019. Basket usage was uni-
versal in the fragmentation group and absent in the
dusting group (p < 0.001). No significant differences
were found in rates of retropulsion, postopera-
tive complications, ureteral injury, or retreatment.
Retreatment was defined as a second ureteroscopic
lithotripsy session using the holmium:YAG laser
dusting modality to address residual fragments. In
the dusting group, 13 patients underwent retreatment
with follow-up CT confirming a 100% SFR. These
outcomes are summarized in Table 4.
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TABLE 4. Postoperative outcomes

Variable Group A Group B p-value

Stone-free rate (%) 66% (33) 86% (43) 0.019
Basket use (%) 0% (0) 100% (50) <0.001

Retropulsion (%) 18% (9) 14% (7) 0.585
Complications (%) 8% (4) 2% (1) 0.168

Retreatment (%) 26% (13) 12% (6) 0.077
Ureteral injury (%) 0% (0) 2% (1) 0.841

Note. Values in parentheses reflect the number of
patients in the associated cohort.

TABLE 5. Multivariate analysis for
stone-free rate

Predictor p-value Significant

Age 0.907 No
Sex 0.909 No

Pyuria 0.290 No
Creatinine 0.594 No
Stone size 0.759 No
Anesthesia 0.474 No
Basket use 0.035 Yes

Multivariate logistic regression analysis identified
basket use as the only statistically significant predic-
tor of achieving a stone-free state (p = 0.035). Full
results of this analysis are detailed in Table 5.

Discussion

The Ho:YAG laser operates by converting energy
from a holmium-doped crystal into pulses that are
transmitted through optical fibers to disintegrate the
stone.24 This study was conducted to compare dusting
mode (low energy, high frequency) with fragmen-
tation mode (high energy, low frequency) for the
treatment of non-septic ureteral stones in children.
In the current study, the dusting and fragmenta-
tion groups had comparable demographic profiles,
with no significant differences in age or sex among
the patient population, consistent with findings of
Chen et al.8

The current study notes that there was no dis-
cernible difference between the two groups in terms
of complicating factors such as the presence of
pyuria (p = 0.617). Regarding kidney function,

an important factor in the consideration of post-
operative outcomes, the current study found no
significant difference in creatinine or urea levels
between the dusting and fragmentation groups. The
considerations of kidney function are important
and consistent with the study design performed in
El-Nahas et al., who reported a non-significant dif-
ference in pre-operative kidney function between
treatment modalities (mean creatinine level was
86.7 ± 9.1 μmol/L in the dusting group and
82.3 ± 18 μmol/L in the fragmentation group).25

The present investigation indicates that there was
no significant difference between the two groups
with respect to certain aspects of the operative data
(anesthesia, ureteral stent insertion, etc.). However,
certain measures of operative data did display statis-
tically significant differences. For example, in contrast
to group A (dusting), group B’s (fragmentation)
operative time was noticeably longer. This finding
contradicts Chen et al.,8 who discovered that operat-
ing time as well as efficacy did not differ statistically
significantly between the two groups (all p > 0.05).

In this context, Gauhar et al.26 performed a meta-
analysis of six studies, including 408 cases in the
dusting group and 559 cases in the basketing group,
revealing no significant difference in surgical time
between the groups (MD = −5.39 min, 95% CI
[−13.92–2.31], p = 0.16). Heterogeneity in the study
was significant (I2.94%). Of note, the studies per-
formed by Chen et al.8 and Gauhar et al.26 did
not analyze the specific pediatric population that
this current study has evaluated, further emphasiz-
ing the need for more pediatric-specific research in
ureteroscopy and stone manipulation.

According to our study, and in line with the
demographics analyzed, there was no discernible
difference between the two groups in terms of the
prevalence of kinked ureters or the number of stones
in the groups under study. This aligns with the inclu-
sion requirements present in Chen et al.,8 who found
that there was no difference between the two groups
regarding the ureter condition (p = 0.878). This study
did not evaluate the outcomes of dusting vs. frag-
mentation in the setting of multiple stones, a patient
demographic analyzed by Chen et al. Their dusting
group had a significantly higher number of patients
with multiple ureteral stones (p = 0.023).

According to our study’s outcomes, there was
no discernible difference between the two groups’
retropulsion rates. This outcome does not align with
the findings of Chen et al.,8 who reported that the
dusting group had a significantly higher retropulsion
rate compared to the fragmentation group (p = 0.022).
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All patients in Group B required the use of a
stone basket retrieval. Group B demonstrated a sig-
nificantly higher SFR compared to Group A (p =
0.019). The utilization of basket retrieval presents
a potential confounder as it can represent multi-
collinearity.17 When compared to the fragmentation
group, the dusting group’s SFR was marginally lower
(p = 0.159). The secondary intervention rate in the
dusting group was marginally lower (p = 0.115)
than in the fragmentation group, despite the dusting
group having a higher retropulsion rate and a lower
SFR. The operative time, effectiveness, insertion rate
for both types of ureteral stents, ureteral injury rate,
and complication rate did not differ statistically sig-
nificantly between the two groups (all p > 0.05).

Reviewing our study’s analysis, there was no dis-
cernible difference in the length of hospital stays
between the two groups. This supports what was
found by El-Nahas et al.25 that regardless of the tech-
nique used, hospital stay time had no significant
difference (p = 0.686). Based on the findings of this
study, in instances where shorter operative time is
imperative due to poor surgical candidacy, the utiliza-
tion of the dusting technique should be considered.
Selection of optimal technique should be individual-
ized, considering not only patient-specific anatomical
variables, but clinical variables as well. Examples of
such factors include stone burden, composition, and
associated comorbidities.

Regarding the use of univariate and multivari-
ate regression analyses to predict SFR, the present
study shows that the only significant predictor of SFR
(p ≤ 0.05) was the rate at which stone baskets were
used. This is in line with the findings of Chen et al.
(OR = 8.095).8

Limitations and suggestions: The generalizability
of the study’s findings is limited by its small sample
size.27 To enhance validity and applicability, future
research should replicate the study using larger,
probability-based samples. Additionally, conducting
similar studies in different populations and with
varying differential diagnoses may provide broader
insights and strengthen the evidence base.28–30 Future
insights can evaluate both techniques in a wider
range of clinical settings, such as multiple stones. It
is important to standardize SFR detection methods.
Future studies should standardize SFR determina-
tion with the best available modality to prevent
unequal detection rates. The usage of stone basket
retrieval in the cases of fragmentation influences mul-
ticollinearity; future studies analyzing fragmentation
vs. dusting should consider strategies to standardize
this potential confounder across all individuals in
the study.

Conclusions

Both dusting and fragmentation techniques
employing the Holmium:YAG laser have been
demonstrated to be safe and efficacious modalities
for the management of pediatric ureteral calculi.
While fragmentation is associated with a superior
stone-free rate, it typically necessitates prolonged
operative times and the deployment of ancillary
instruments, such as retrieval baskets, to extract
residual fragments. The benefits of fragmentation lie
in populations where recurrence of ureterolithiasis
and subsequent treatment is a large concern.
Conversely, the dusting approach offers the
advantages of abbreviated procedural time and
removes the need for additional equipment. While
these advantages potentially reduces procedural
complexity and associated morbidity, it is important
to note that certain outcomes tied to complexity,
such as average hospital stay time, were found to be
non-significantly different between the two groups.
However, the two techniques should be analyzed
in a demographic where procedural complexity can
lead to significant differences in various outcomes.
Studies analyzing potential long-term sequelae, via
longer follow-up, as well as large multicenter trials
are imperative. Furthermore, additional comparative
studies are warranted to evaluate the efficacy
and safety of these techniques in complex clinical
scenarios, such as cases involving multiple calculi or
infection-associated stones.
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