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Comparison of the ultrasonic, Masserann, and BTR-pen techniques for removing
fractured instruments with dental microscope: a CBCT-based in vitro study
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ABSTRACT

Objective: This in vitro study compared the efficacy, dentin loss, and outcomes of ultrasonic, Masserann,
and Broken Tool Remover Pen (BTR-Pen) techniques for removing fractured endodontic instruments using
cone-beam computed tomography (CBCT) analysis.

Materials and methods: Ninety extracted single-rooted teeth were randomly allocated into three groups
(n = 30). ProTaper F2 instruments were intentionally fractured in the middle third of each canal, creating
3-4 mm fragments. Removal was performed using ultrasonic tips, Masserann trephine burs, or the BTR-
Pen loop system. CBCT scans quantified dentin loss. Success rates, removal times, and complications were
analyzed using one-way analysis of variance, Tukey honestly significant difference, chi-square, and likeli-
hood-ratio chi-square tests (p < 0.05).

Results: Ultrasonic removal showed the highest success rate (90.0%), followed by BTR-Pen (86.7%)
and Masserann (70.0%). Pairwise likelihood-ratio chi-square analysis showed lower success for Masserann
than ultrasonic removal (p = 0.049). Masserann caused significantly greater canal volume increase
(4.50 + 0.50 mm?®) than ultrasonic (0.75 + 0.30 mm?) and BTR-Pen (0.93 + 0.40 mm?) techniques (p < 0.001).
Ultrasonic removal required the shortest time (110.0 + 35.0 s), followed by BTR-Pen (213.4 + 40.0 s) and
Masserann (240.0 + 50.0 s).

Conclusions: Ultrasonic and BTR-Pen techniques achieved high success with better dentin preservation
than Masserann. When retrieval is indicated, techniques that maximize dentin preservation should be pre-
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ferred to reduce the risk of root weakening and procedural complications.

GRAPHICAL ABSTRACT
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Introduction

Instrument fracture within root canals is a well-documented com-
plication of root canal therapy. The separation of endodontic files,
usually nickel-titanium (NiTi) rotary files, can obstruct the canal
and prevent proper cleaning and filling beyond the fracture site
[1]. Managing a separated instrument poses a clinical dilemma:

Masserann showed lower success and greater canal enlargement

the practitioner must decide whether to attempt removal, bypass
the fragment, or leave it in situ and obturate it to the level of the
fragment. Removal, when feasible, is often preferred to eliminate
potential impediments to therapy; however, instrument retrieval
procedures carry the risk of unwanted dentin removal, canal
transportation, ledge formation, or even root perforation [2].
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Numerous techniques and dedicated devices have been
developed to retrieve fractured intracanal instruments.
Traditional methods include the use of ultrasonic tips, which
vibrate around the fragment to loosen and free it, and trephine
burs or tube-based systems (e.g. the Masserann kit), which drill
around and engage the fragment for extraction. Ultrasonic
removal under an operating microscope has become one of the
most commonly employed techniques owing to its
conservativeness and high success rates [3].

The Masserann kit, on the other hand, uses hollow trephine
drills to circumferentially cut dentin around the metal fragment,
followed by engagement with an extractor tube and screw.
While the Masserann technique can be effective, especially for
more coronally located fragments, its use is limited to narrow or
curved canals (particularly in the apical third) because it requires
a straight-line path and the removal of a considerable amount of
dentin to fit the trephine around the fragment [4].

In addition, BTR-Pen has been introduced as an innovative
loop-type retrieval system designed for use in narrow and
curved canals.The BTR-Pen employs an ultrathin, shape-memory
nitinol loop that enables secure engagement of the fragment
without necessitating excessive canal enlargement [5].

Cone-beam computed tomography (CBCT) in the context of
instrument removal: CBCT imaging offers a nondestructive
method to evaluate internal changes in the root canal or dentin
thickness before and after retrieval attempts. Using CBCT in an in
vitro model allows for quantification of dentin loss (the amount of
dentin removed or transported during the procedure) by
superimposing pre- and postoperative scans or by directly
measuring changes in canal diameter/volume at the site of
fragment removal [6].

This study was designed to compare three instrument removal
techniques - ultrasonic vibration, Masserann trephine, and a BTR-
Pen method - in terms of their ability to successfully remove
fractured NiTi instruments from root canals and the extent of
dentin removal associated with each method. All procedures
were conducted under a dental operating microscope to
maximize visualization. Using CBCT-based measurements, we
sought to objectively evaluate and compare dentin loss (i.e.
internal tooth structure removed) incurred by each technique. We
hypothesized that more conservative techniques (ultrasonic and
BTR-Pen) would result in significantly less dentin loss than the
trephine bur method, without compromising removal efficacy.

Materials and methods

The present study was approved by the local ethical committee
of Kahramanmaras Siitcii imam University (2024/30), and the
extracted teeth were collected under informed consent in
accordance with ethical guidelines.

Sample size calculation

Assuming a medium-to-large effect size (f = 0.4), a significance
level of 0.05 (), and a power of 0.80 (1-), the analysis indicated

that @ minimum of 66 samples (22 per group) would be suffi-
cient. In this study, 90 samples were included (30 per group),
providing an actual power of approximately 91.6%.

Sample selection and preparation

Ninety single-rooted human premolar teeth with mature apices
were selected for this study. The teeth were radiographed and
examined under magnification to verify a single straight root
canal (curvature < 10°). The teeth were stored in a 0.1% thymol
solution at 4°C and used within 1 month of extraction.

The coronal portion of each tooth was reduced using a
diamond saw under water cooling to obtain a standardized
specimen length of approximately 15 mm. All canals were then
instrumented using a crown-down technique to create a glide
path and followed by ProTaper rotary NiTi files (Dentsply
Maillefer) up to size F2 (ISO size 25, 0.08 taper) at the working
length. During preparation, canals were irrigated with 2 mL of
2.5% sodium hypochlorite (NaOCl) between each file size.

To create a reproducible scenario of a fractured instrument, a
new ProTaper F2 NiTi file (Dentsply) was intentionally fractured
in the canal of each tooth. The intended separation point was
predetermined according to the desired middle-third position
within the canal, and the instrument was weakened at that level
prior to fracture. The aim was to produce a fragment
approximately 3-4 mm in length. After instrument separation,
periapical radiographs and visual inspection under the
microscope were used to verify that the fractured segment was
located in the middle third of the canal and measured
approximately 3-4 mm in length. Only specimens meeting
these criteria were included in the study.

Experimental groups and removal techniques

Ninety roots with fractured instruments were randomly assigned
to three experimental groups of 30 samples each, correspond-
ing to the three removal techniques to be tested.

Group 1 - Ultrasonic technique

Fragment removal was attempted using ultrasonic irrigation
tips (ET25 ultrasonic tips, Satelec/Acteon, Merignac, France)
attached to a piezoelectric ultrasonic unit. Under a dental oper-
ating microscope (Zumax Dental Microscope, Jiangsu, China) at
x16 magnification, a small staging platform was prepared
around the coronal end of the fractured file using a size 2 Gates-
Glidden drill as needed. This created a slightly troughed inden-
tation in the surrounding dentin, allowing direct access to the
fragment. The ultrasonic tip was then applied, energized at
medium power, directly to the exposed tip of the fragment to
vibrate it loosely. The ultrasound was activated in short 20-sec-
ond bursts, with saline irrigation to cool and flush debris. The tip
was moved circumferentially around the fragment without
excessive apical pressure to gradually loosen it. If the fragment



appeared loosened and visible movement was noted, micro-for-
ceps were used to grasp and remove it from the canal. Success in
this group was defined as complete removal of the fragment
from the canal.

Group 2 - Trephine bur (Masserann) technique

Fragment removal was attempted using the Masserann kit
(Micro Mega, Besangon, France), which contains hollow trephine
burs and extractors of various sizes. Under the microscope, a
suitably sized trephine bur (1.1 mm diameter was chosen when-
ever possible) was inserted into the canal to circumferentially
drill around the fragment. The trephine was rotated counter-
clockwise with light apical pressure to cut dentin around the
periphery of the broken file segment. Drilling was performed
carefully and intermittently to avoid excessive heat, with irriga-
tion used for cooling. Once the trephine had created a trough
reaching the fragment'’s full length (or as far as possible without
perforation), the extractor tube from the kit was introduced into
the space. The locking screw was then tightened to engage the
fragment inside the tube, and the tube was withdrawn to pull
out the fragment. Success was defined as removal of the frag-
ment from the canal via the tube or subsequent use of ultra-
sound if the fragment was partially loosened.

Group 3 - BTR-Pen technique

Fragment removal was attempted using the BTR-Pen system
(Cerkamed, Stalowa Wola, Poland), a modern fragment retrieval
device that operates on a mechanical loop mechanism designed
to engage and extract fractured instruments from root canals
with minimal dentin removal. As with the other groups, a stag-
ing platform was first prepared using Gates-Glidden drills
(typically size 2 or 3) to uncover and expose the coronal portion
of the fractured fragment under a dental operating microscope
(Zumax Dental Microscope, Jiangsu, China) at x16
magnification.

The BTR-Pen’s proprietary nitinol retrieval loop (0.08-0.12 mm
thickness) was inserted through the device’s applicator tip and
gently maneuvered into the canal to encircle the exposed
segment of the fractured NiTi file. The loop was guided
circumferentially around the coronal portion of the fragment,
and once engagement was visually confirmed under the
microscope, the loop was gradually tightened by withdrawing
the handpiece handle to cinch the fragment securely.

Controlled coronal traction was applied to extract fragments.
In cases where resistance was noted, brief ultrasonic activation
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was delivered to the surrounding dentin (without disrupting the
engaged loop) to reduce friction and aid dislodgement. The
retrieval process was carefully monitored to avoid undue stress
and loop breakage. Successful removal was defined as complete
retrieval of the fractured file from the canal, without additional
instrumentation or perforation.

To minimize variability, all procedures were performed by a
single experienced operator. A dental operating microscope
was used throughout all procedures. To simulate clinical
conditions, the roots were embedded in silicone impression
material within acrylic blocks. The total procedure time was
recorded with a stopwatch from the start of the removal attempt
until fragment retrieval or until the predefined maximum
retrieval time had elapsed without success. The maximum active
retrieval time was 4 min for the ultrasonic technique and 5 min
for the Masserann and BTR-Pen techniques. Retrieval attempts
were terminated earlier if further instrumentation was
considered likely to cause excessive dentin removal or
procedural complications.

Cone-beam computed tomography imaging and dentin
loss assessment

All teeth were scanned using CBCT before and after the instru-
ment removal procedure to evaluate changes in the root canal
and surrounding dentin. Scans were performed using a high-res-
olution CBCT scanner (Planmeca OY, Helsinki, Finland) with the
following settings: 90 kVp, 5 mA, voxel size 75 pm, and field of
view limited to the tooth (to maximize resolution). Each tooth
(embedded in its block) was consistently oriented in the scanner.
CBCT datasets were exported from Planmeca Romexis software
(Planmeca Oy, Helsinki, Finland) and analyzed using ITK-SNAP
software (version 4.2.2, University of Pennsylvania, Philadelphia,
PA, USA). Volumetric dentin loss measurements were obtained by
segmenting the canal space on pre-and post-operative scans and
calculating the corresponding volume changes.

Data recording and statistical analysis

The data were compiled and analyzed using SPSS software
(v.25.0, IBM Corp., Armonk, NY, USA). Normality of the data distri-
bution was assessed using the Shapiro-Wilk test. Since the data
were normally distributed, inter-group comparisons of continu-
ous variables (dentin loss and removal time) were performed
using one-way analysis of variance (ANOVA). Post-hoc pairwise
comparisons were conducted using Tukey’s honestly significant

Table 1. Comparison of success rates, procedural time, and perforation incidence among three instrument removal techniques.

Technique Success rate (%) Mean removal time (s)* Standard deviation (s) Perforations (n)
Ultrasonic 90.0 110.0 35.0 0
BTR-Pen 86.7 2134 40.0 0
Masserann Trephine 70.0 240.0 50.0 1

BTR-Pen: Broken Tool Remover Pen.

*Procedural time represents the average time required for successful retrieval only. Failures were excluded from time calculations. Perforation data was

based on CBCT and visual inspection post-procedure.
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Figure 1. Dental operating microscope images during fractured instru-
ment retrieval. Representative images showing retrieval procedures using
(A) ultrasonic, (B) BTR-Pen, and (C) Masserann techniques.

difference (HSD) test when significant differences were detected.
Fragment removal success rates were compared using the
chi-square test. For pairwise comparisons of categorical out-
comes, likelihood-ratio chi-square tests were additionally per-
formed. A significance level of p < 0.05 was set for all analyses.
Representative dental operating microscope images illustrating
the fractured instrument retrieval procedures are shown in
Figure 1.

Results
Removal success and time

Table 1 summarizes the removal outcomes of each group. The
ultrasonic group successfully retrieved the separated file frag-
ments from 27 of the 30 samples, yielding a 90% success rate. In
the BTR-Pen group, 26 of the 30 fragments (86.7%) were suc-
cessfully removed. The difference in success rates between the
ultrasonic and BTR-Pen techniques was not statistically signifi-
cant (pairwise likelihood-ratio chi-square, p = 0.687). The
Masserann trephine group had a lower success rate, with 21 of
30 samples (70.0%) successfully cleared of the fragment.
Pairwise likelihood-ratio chi-square analysis indicated that the
Masserann group had a significantly lower success rate than the
ultrasonic group (p = 0.049). However, the overall Pearson

BTR - Coronal

Masserann - Coronal

chi-square comparison among the three groups did not reach
statistical significance (p = 0.095).

In terms of efficiency, the time required to achieve
removal was the shortest for the ultrasonic technique.
Ultrasonic removal, when successful, required a mean time of
110.0 + 35.0 s. The BTR-Pen method required a longer average
time, with a mean of 213.4 £ 40.0 s, reflecting the additional
steps required for loop engagement and controlled traction.
The Masserann group had the longest mean removal time at
240.0 + 50.0 s for successful cases, which included the time
spent drilling with the trephine and setting the extractor. One-
way ANOVA showed a significant difference in removal time
among the groups (p < 0.001). Post-hoc Tukey HSD analysis
demonstrated that ultrasonic removal was significantly faster
than both BTR-Pen and Masserann techniques (p < 0.001 for
both comparisons). Although the BTR-Pen method was faster
than the Masserann trephine method on average, this difference
was not statistically significant (p = 0.080).

Dentin loss and canal alteration (CBCT analysis)

High-resolution CBCT imaging provided detailed insights into
the dentin structural changes resulting from each removal tech-
nique. Figure 2 illustrates representative CBCT cross-sections for
each group. The quantitative measurements of dentin loss are
presented in Table 2.

The trephine (Masserann) technique resulted in the most
substantial removal of dentin. The average increase in canal
diameter at the fragment level was 1.20 £ 0.15 mm in the
buccolingual direction and 1.10 = 0.10 mm mesiodistally, far
greater than the other groups (p < 0.001). Correspondingly, the
remaining dentin thickness between the canal and external root
surface was significantly reduced in trephine-treated roots. For
example, the thinnest dentin wall in that region (often on the
thinnest root-wall side) pre-operatively averaged 1.00 mm, but
post-operatively it dropped to an average of 0.45 £ 0.10 mm,
indicating roughly 50-60% loss of dentin in the most affected
area. In four specimens from the Masserann group, the post-op
CBCT revealed that the dentin thickness on one side was
<0.2 mm (a near perforation).

Ultrasonic - Coronal

Figure 2. CBCT cross-sectional images of root canals after fractured instrument removal using three different techniques.
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Table 2. CBCT-based quantification of dentin loss and canal enlargement after fractured instrument removal.

Technique Canal enlargement BL (mm) Canal enlargement MD (mm) Thinnest wall post-op (mm) Canal volume increase (mm?3)
Ultrasonic 0.30+0.05 0.25+0.04 0.85+0.15 0.75+0.30
BTR-Pen 0.35+0.10 0.30+0.08 0.70+0.12 0.93 £ 0.40
Masserann Trephine 1.20+0.15 1.10+0.10 0.45+0.10 4.50+0.50

BL: buccolingual; MD: mesiodistal; BTR-Pen: Broken Tool Remover Pen.

In contrast, the ultrasonic group showed minimal canal
enlargement on the CBCT images. The average increase in canal
diameter in the ultrasonic group was only 0.30 + 0.05 mm
buccolingually and 0.25 + 0.04 mm mesiodistally. Many
ultrasonically treated canals retained a roughly original shape,
with only small notches where dentin had been selectively
sanded away to free the fragment. The thinnest remaining
dentin wall in the ultrasonic group post-operatively was 0.85 +
0.15 mm on average, only marginally reduced from a pre-op
value of ~1.0 mm. No ultrasonic sample had a residual wall
thinner than 0.5 mm, and no perforations or cracks were
detected in this group. The volumetric analysis echoed these
findings: the mean increase in canal volume for the ultrasonic
group was 0.75 + 0.3 mm?, which was significantly less than the
Masserann group’s mean increase of 4.50 = 0.5 mm? (p < 0.001).

The BTR-Pen group exhibited intermediate dentin loss. The
average increase in canal diameter was 0.35 + 0.10 mm
buccolingually and 0.30 £ 0.08 mm mesiodistally. These values
were slightly higher than those of the ultrasonic group; however,
the difference was not significant for buccolingual enlargement
(p = 0.150), whereas a minor mesiodistal difference reached
statistical significance (p =0.047). Compared with the Masserann
technique, the BTR-Pen preserved significantly more dentin
(p < 0.001 for both dimensions). The thinnest wall after BTR-Pen
technique averaged 0.70 + 0.12 mm, which remained above
critical thickness in all cases; no BTR-Pen sample had a wall
thinner than 0.3 mm, and no perforations were observed.
The mean canal volume increase in the BTR-Pen group was 0.93
+0.40 mm?®, which was significantly lower than that observed in
the Masserann group (p < 0.001).

Statistical analysis using one-way ANOVA confirmed significant
differences among the groups for all dentin loss metrics (p <
0.001). Post-hoc Tukey HSD comparisons showed that the
Masserann group had significantly greater buccolingual
enlargement, mesiodistal enlargement, and canal volume
increase than both the ultrasonic and BTR-Pen groups (p < 0.001
for all comparisons). Between the ultrasonic and BTR-Pen groups,
there was no significant difference in buccolingual widening (p =
0.150) or canal volume increase (p = 0.200), whereas a small but
statistically significant difference was observed in mesiodistal
widening (p = 0.047). No significant differences in dentin loss
were found between successful and failed cases within each
group, suggesting that the extent of dentin removal was mainly
related to the retrieval technique rather than retrieval success.

Discussion

The incidence of instrument fracture ranges from 0.4% to 23%,
and success in endodontic treatment is heavily dependent on

thorough mechanical and chemical preparation of the root
canal system [7, 8]. However, the separation of endodontic
instruments during canal shaping can compromise proper
debridement and obturation, thereby negatively affecting over-
all prognosis [9, 10]. The management of separated endodontic
instruments is a challenging aspect of root canal therapy, and
the choice of retrieval method can significantly influence both
treatment outcome and the structural integrity of the tooth.
Visualization of and access to the fractured instrument are cru-
cial factors for successful retrieval [11]. In this study, we evalu-
ated three different removal techniques under controlled
conditions and used CBCT imaging to compare how much den-
tin was sacrificed by each method.

Ultrasonics is widely regarded as the gold standard for the
retrieval of separated instruments owing to its precision, safety,
and minimally invasive nature. The dental operating microscope,
together with small-diameter ultrasonic tips, allows minimally
invasive root canal preparation and facilitates the safe removal
of fractured instruments [9, 12].

The procedures employed during the retrieval of fractured
instruments can significantly compromise the structural
integrity of root canal dentin walls. In our study, one perforation
occurred in the Masserann group, underscoring the invasive
nature of this technique. Furthermore, Suter et al. reported that
failed retrieval attempts could result in canal blockage, thereby
negatively affecting the overall prognosis of endodontic
therapy [13].

Our success rate for ultrasonic removal (90%) is consistent
with those reported in the literature for microscope-assisted
ultrasonics. Previous studies have shown that success ranges
from approximately 70% to > 90% for ultrasonic retrieval,
depending on the fragment location and canal curvature, and
tends to be less successful in very apical fractures or if the
fragment is locked in a curvature [14]. In our sample, we
standardized the moderate canal curvature and fragment
location to the mid-root region, likely contributing to the high
success rate. The BTR-Pen technique also demonstrated a high
success rate (86.7%) comparable to that of ultrasonics. This
finding is consistent with the study by Dulundu and Helvacioglu-
Yigit, who reported successful removal rates of 86.7% for the
BTR-Pen system and 83.3% for ultrasonic retrieval, with no
significant difference between the two techniques. In another
recent in vitro study, Saad et al. reported an 80% success rate for
BTR-Pen and a 90% success rate for the Zumax kit, with no
statistically significant difference between the groups. Shajahan
et al. also evaluated the BTR-Pen system in maxillary molars and
reported location-dependent retrieval outcomes, indicating
that fragment position remains an important determinant of
success. These findings support the use of the BTR-Pen as a
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conservative alternative or adjunctive retrieval system,
particularly when the fractured fragment is visible and can be
securely engaged by the nitinol loop [5, 15, 16].

The Masserann group’s lower success rate (70%) reflects the
limitations of using trephines in narrower canals. Although we
used straight premolar canals, the trephine could not always
completely surround the fragment without removing an excessive
amount of dentin [17]. In several failures, we halted before
retrieval because the risk of perforation became apparent (and
indeed, one case led to perforation). Clinical reports on Masserann
kits have indicated widely varying success rates. A classic study by
Hulsmann reported approximately 55% success in vivo, mostly
limited by canal anatomy and visibility issues [18]. Our higher in
vitro success rate (70%) was likely due to the controlled setup and
exclusion of extremely curved roots. These systems utilize a
hollow cutting-end tube with a diameter ranging from 0.7 to 2.4
mm to expose the coronal portion of the fractured instrument
during the preparation phase. However, because of the relatively
large diameter of the tube compared to the root canal dimensions,
significant dentin removal is often necessary to accommodate
the extractor for grasping the separated fragment [17, 19].

It is generally accepted that a minimum of 0.3 mm-0.5 mm of
dentin should remain around a canal after post preparation or
instrumentation to maintain strength; many of our Masserann-
treated samples approached this threshold, and one exceeded it,
resulting in a strip perforation [20, 21]. Conversely, the ultrasonic
and BTR-Pen techniques left the canal shape much closer to its
original shape. The slight enlargement observed was mainly
localized to troughs rather than uniform enlargement, which
means that the tooth retains more structural durability [22].

Interestingly, both conservative techniques (ultrasonic and
BTR-Pen) caused minor dentin loss, often on one side of the
canal, which is essentially canal transportation. In our
measurements, the BTR-Pen group had a slightly larger
mesiodistal cut than the ultrasonic-alone group, which could be
because manipulating the BTR-Pen might have worn the canal
more in one direction. However, these differences are small. It is
important to recognize that even ultrasonic retrieval is not
entirely benign, because prolonged ultrasonic activation may
abrade dentin and generate heat. Madarati et al. showed that
temperature rise on the external root surface during dry
ultrasonic retrieval of intracanal separated files is influenced by
dentin thickness, ultrasonic tip type, power setting, and
activation time, and that high power settings may produce
hazardous temperature increases [23]. In a subsequent study,
the same group demonstrated that active air flow significantly
reduced the mean temperature rise after 120 s from 11.0°C to
4.2°C during ultrasonic removal of fractured files, supporting the
use of intermittent activation and cooling strategies during
retrieval procedures [24]. Therefore, in the present protocol,
ultrasonic activation was applied in short bursts with saline
irrigation to minimize heat generation. Budd et al. also
demonstrated that coolant is important for preventing excessive
heat buildup during ultrasonic procedures [25].

The main challenges of the BTR-Pen technique are its
technical complexity and risk of loop snapping. We encountered

a couple of instances of wire breakage. Despite these issues, the
BTR-Pen method has a notable advantage: if successful, it often
retrieves the fragment in a controlled manner, whereas
ultrasonics might occasionally only vibrate a fragment out
unexpectedly (potentially lodging it elsewhere or causing it to
be swallowed, etc,, if not careful). The loop essentially ‘catches’
the fragment. In clinical practice, a combination of methods is
frequently employed rather than an isolated technique. For
example, many endodontists initially use ultrasonics and, if they
fail, resort to a Masserann or loop [26-28]. Our study isolated
each method for comparison, but we recognize that a hybrid
approach tailored to the case may yield the best outcome.

Limitations

This was an in vitro study of relatively straight canals; caution is
needed when extrapolating to clinical scenarios with more com-
plex anatomies. We also standardized the fragment length and
position; clinically, fragments can range widely (a long fragment
in the apical third is much harder to remove than a short frag-
ment in the coronal third). Thus, the clinical success rates could
be lower than those in our controlled results. Additionally, the in
vitro design did not replicate several clinical factors that may
influence instrument retrieval, including saliva contamination,
limited mouth opening, restricted access, and patient move-
ment. The absence of these variables may have contributed to
higher success rates than would be expected under routine clin-
ical conditions. Moreover, all procedures were performed by a
single skilled operator, and the results may vary with operator
experience. Furthermore, although the use of a single experi-
enced operator minimized inter-operator variability, differences
in operator proficiency and familiarity among the evaluated
techniques may have introduced operator-related bias and
influenced the observed success rates and procedural
outcomes.

Conclusion

In summary, ultrasonic retrieval achieved the highest success
rate (90.0%) with the lowest mean canal volume increase (0.75 +
0.30 mm?), followed by BTR-Pen (86.7%; 0.93 + 0.40 mm?).
Masserann showed the lowest success rate (70.0%) and the
greatest dentin sacrifice (4.50 = 0.50 mm?®). Clinicians are advised
to prioritize minimally invasive approaches such as ultrasonics
and BTR-Pen, reserving Masserann for exceptional cases with
straight canal access.
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