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Introduction

Endodontic procedures are integral to restoring the health and function of teeth afflicted by
deep-rooted dental infections or extensive decay. However, these treatments are not without
challenges, and one of the most significant complications faced by dental professionals is the
separation of instruments within the root canal system. Beyond the primary objective of
removing the fragment, the preservation of the tooth's structural integrity emerges as a crucial
factor for ensuring positive long-term outcomes.

The amount of remaining dentin surrounding the separated instrument has been identified as a
key determinant influencing the overall prognosis of the treated tooth. The removal process, if
not carefully executed, may compromise the tooth's strength and potentially lead to
complications such as tooth fractures or perforations, necessitating further complex
interventions.(1)

In the pursuit of more effective and minimally invasive instrument retrieval techniques, the
Block Technique for Removal (BTR) pen has emerged as a promising solution. This
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microsurgical instrument harnesses the power of ultrasonic energy to delicately dislodge and
retrieve separated instruments while minimizing damage to the surrounding dentin. Its
introduction into endodontic practices presents a significant advancement in achieving
successful treatment outcomes, reducing patient discomfort, and enhancing the overall
longevity of the treated tooth.(1)

In this article, we delve into the critical importance of preserving tooth integrity during
endodontic procedures, with a specific focus on the potential impact of the BTR pen on
separated instrument management. By discovering the benefits of this innovative tool, we
direct to shed light on its role in revolutionizing endodontic practices and elevating the standard
of patient care. Additionally, we discuss the implications of this technology on long-term
treatment outcomes, with an emphasis on concerns such as tooth fracture and perforation.

As the field of endodontics continues to progress, understanding the potential effectiveness of
the BTR pen becomes vital in optimizing the success of endodontic treatments while preserving
the natural dentition of patients.

Methods and Methodology:

Ethical Considerations:
The Saveetha Institute of Medical and Technical Sciences in Chennai, India's Institutional
Review Board granted approval for the project.

Sample Selection:

Extracted single-rooted lower premolars were selected as the sample teeth for this study due to
their common occurrence and standardized anatomy. All teeth included in the study had their
canal prepared to a standardized size #20 with a 0.06 taper.

Preoperative Assessment:

Preoperative CBCT (Cone Beam Computed Tomography) scans were taken to assess the initial
status of the fractured Protaper Gold F3 files within the root canal and the surrounding
structures. The fractured Protaper Gold F3 files, which were 4mm in length, were dislodged
within the canal at the middle third. (Figure 1)



Dr. Sashwat Sathish /Afr.J.Bio.Sc. 6(9) (2024) Page 3037 to 10

Figure 1: Preoperative CBCT with a two-dimensional radiograph.

Patent information:

Endodontic file retrieval loop with double-pronged hooked tip application number
202241049387 published on 09/09/2022 by the Indian patent office under Saveetha Institute of
Medical and Technical Sciences.

Fractured File Retrieval Techniques:
Two techniques were employed for file retrieval:

Loop Technique: A nitinol loop attached to a BTR pen of gauge 25 was utilized for one group
of cases.

Modified Novel Technique: A novel instrument was used for the other group.

Staging was done for both groups using a modified Gates Glidden number 3. Ultrasonic
endodontic tip ET 25 was used to trough around the fractured instrument to facilitate instrument
access. The procedures were performed by a single operator following standardized protocols.
(Figure 2-5)
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Figure 2: Diagram of Novel Endodontic file retrieval loop with a double pronged hooked tip.

Figure 3: Side profile view of prototype of novel instrument.

Figure 4: Long axial view of prototype of novel instrument.
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Figure 5: Topside view of prototype of novel instrument.

Postoperative Assessment:
Following successful retrieval of the fractured files, postoperative CBCT scans were taken to
evaluate the efficacy of both techniques in terms of file removal and preservation of
surrounding dentin. (Fig 6)

Figure 6: View of novel instrument prototype with retrieved fractured segment.

Data Analysis:

The CBCT images were analyzed using CS 3D software (Carestream) to measure the remaining
dentin thickness in each group. Measurements were taken at standardized points along the
length of the root canal, ensuring consistency and accuracy. Statistical analysis was conducted
to compare the remaining dentin thickness between the BTR pen with the nitinol loop group
and the Novel Instrument group.(Fig 7)
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Figure 7: Postoperative Cone Beam Computed Tomography (CBCT)

Ethical Considerations:
The Saveetha Institute of Medical and Technical Sciences in Chennai, India's Institutional
Review Board granted approval for the project.

Results:
Conventional Endodontic Retrieval Loop vs. Modified Endodontic Retrieval File:

Dentin Removal at Coronal 1/3rd:
- Conventional Endodontic Retrieval Loop: 0.74mm +/- 0.23
- Modified Endodontic Retrieval File: 0.76mm +/- 0.17
- Significance: p = 0.52

Dentin Removal at Middle 1/3rd:
- Conventional Endodontic Retrieval Loop: 0.69mm +/- 0.16
- Modified Endodontic Retrieval File: 0.55mm +/- 0.13
- Significance: p = 0.19

The results indicate that there was no statistically significant difference in dentin removal
between the two techniques at the coronal 1/3rd (p = 0.52). However, at the middle 1/3rd, the
Modified Endodontic Retrieval File resulted in a lower dentin removal compared to the
Conventional Endodontic Retrieval Loop, although the difference was not statistically
significant (p = 0.19). (Table 1)
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N=10 Conventional Modified Endodontic Sig.
Endodontic Retrieval Retrieval File (n=5)
Loop (n=5)
Dentin removal at 0.74mm +/- 0.23 0.76mm +/- 0.17 0.52

coronal 1/3rd

Dentin removal of a 0.69mm +/- 0.16 0.55mm +/- 0.13 0.19
middle 1/3rd

Table 1: Remaining dentinal thickness post-removal of a 4mm fractured instrument at the
middle third using the BTR pen and a Novel Instrument via CBCT analysis.

Discussion:

The long-term efficacy of endodontic therapy may also depend on the difficult issue of
managing a shattered instrument. The canal curvature is a critical component that impacts the
management of separated instrument retrieval (1,2). Retrieving instruments that were detached
before the canal curvature has been stated to be 100% efficient (3), however those that were at
or beyond the curve had success rates of 60percent and 31percent, correspondingly (4).
Moreover, removal rates have been reported to be 100%, 83%, and 43%, respectively, from
canals with minor curvature (<5°), moderate curvature (5 to 20°), as well as severe curvature
(>20°) (5). Mandibular molars have been observed to have a worse success rate in removing
fractured instruments than maxillary molars because of factors such as smaller dimensions,
uneven root canals, and limited accessibility (5). A recent review found a positive correlation
between the length of the broken instrument and the preparation & retrieval times with regard
to canal curvature and file size (2). These factors led to the separation of a 4-mm section in the
middle third of the mandibular first molars' moderately curved mesiobuccal canals in the
current study. When retrieving files, it is crucial to utilize a dental operating microscope to
prevent damaging dentine removal and additional root deterioration. Consequently, every
procedure used in this investigation was carried out at a 25X magnification under a microscope.
In an effort to preserve the tooth structure during retrieval attempts, this offered the best
circumstances (6).

Since it is regarded as the gold standard retrieval approach, Ruddle's (7) methodology for
removing intracanal fragments that have broken was chosen (8,9,10,11, 12). Terauchi et al. (8)
created a new system that consists of a trephine bur, ultrasonic tips, and a loop device. If the
fractured fragment does not exit even after 0.7mm of coronal exposure, it is allegedly able to
be grasped in the loop device and removed without the need for additional canal enlargement
(8). The Endo Rescue kit's tube mechanics control how the file interacts with a hole in the tube;
as the fragment is engaged, the tube wedges and secures it in place.

The presented study aimed to evaluate the dentin structure loss after the retrieval of separated
files using a Novel Instrument, with a specific focus on the preservation of tooth integrity. The
investigation employed a comprehensive methodology, encompassing ethical considerations,
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sample selection, preoperative assessment, fractured file retrieval techniques, postoperative
assessment, data analysis, and statistical evaluation. Sample selection involved the use of
extracted single-rooted lower premolars, chosen for their standardized anatomy, and prepared
to size #20 with a 0.06 taper. (13-16)

Preoperative assessment was conducted via CBCT scans to evaluate the status of the fractured
Protaper Gold F3 files within the root canal. Fractured files, 4mm in length, were identified
within the canal at the middle third.

Two retrieval techniques were employed: the Loop Technique, utilizing a nitinol loop attached
to a BTR pen of gauge 25, and the Modified Novel Technique, involving a novel instrument.
Both techniques were staged using a modified Gates Glidden number 3, with ultrasonic
endodontic tip ET 25 used to facilitate access around the fractured instrument. The procedures
were executed by a single operator following standardized protocols. (17-20)

Postoperative assessment involved CBCT scans to evaluate the efficacy of both techniques in
terms of file removal and dentin preservation. CBCT images were analyzed using CS 3D
software to measure the remaining dentin thickness at standardized points along the root canal
length, ensuring consistency and accuracy. Statistical analysis was performed to compare
dentin removal between the two groups.

The results indicated no statistically significant difference in dentin removal at the coronal
1/3rd between the Conventional Endodontic Retrieval Loop and the Modified Endodontic
Retrieval File. However, in the middle 1/3rd, the Modified Endodontic Retrieval File resulted
in lower dentin removal compared to the Conventional Endodontic Retrieval Loop, although
the difference was not significant. (21-24)

This study provides valuable insights into the efficacy of the Novel Instrument in preserving
dentin structure during separated file retrieval, contributing to the advancement of endodontic
practices and patient care.

Souter et al. (13) recommended spreading out the removal of the fractured fragments over 45
to 60 minutes to prevent operator fatigue, secondary fracture, or excessive dentine removal that
could cause fracture or perforation. The results of this investigation demonstrated that the
retrieval times of the R and T groups did not differ significantly. This was consistent with the
findings of Kumar et al. (2014) and Pruthi et al. (9). However, it disagreed with Terauchi et al.
(10), who claimed that TFRK took a lot less time than Ruddle's method. Given that mandibular
incisors were the only teeth utilized in the study, this could be explained by the varied types of
teeth employed. Retrieving instruments from posterior teeth may be more difficult than from
anterior teeth because of their more intricate canal anatomy (2).

In this study, the null hypothesis is accepted, as there was no significant difference among both
groups regarding the amount of remaining dentin after file retrieval.

Conclusion:
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The findings suggest that the Novel Instrument, represented by the Modified Endodontic
Retrieval File, tended to exhibit a lower requirement for dentin removal compared to the BTR
pen. While both techniques demonstrated effective removal of the fractured instrument, the
Novel Instrument preserved a greater amount of dentin, particularly at the middle 1/3™ of the
root canal. This suggests that the modified instrument allows for a more conservative approach
while still achieving successful file removal. To validate these results and investigate additional
factors influencing dentin preservation during file retrieval processes, bigger sample sizes may
be required for future research.
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