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INTRODUCTION                                                                            
 

Fiber posts are known widely to be used in restoring 

previously endodontically treated teeth because of their 

favorable mechanical properties, esthetics, and bonding 
compatibility with restorative materials.1However, 

retreatment cases involving previously cemented fiber 

posts pose substantial clinical challenges. 
Advances in adhesive technologies have increased the 

strength of the bond 

between posts and radicular dentin, complicating their 

removal while also increasing risk of structural 
compromise. Conventional freehand post removal relies 

heavily on operator skill and 

visual-tactile feedback. This approach often leads to 

deviations from the original canal path, excessive dentin 
removal, and higher chances of perforation or weakening 

of the root. These complications may negatively affect 

long-term prognosis by reducing the fracture resistance 
of the tooth. 2 

Static guided endodontic navigation adapted from 

implantology, and microsurgery has emerged as a 
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                                                                                        Abstract 
Background: Removing fiber posts during endodontic retreatment remains challenging due to their strong adhesive 

bonding to radicular dentin, which increases the risk of excessive dentin loss and structural compromise. Guided 

endodontic navigation has recently gained attention as a technique capable of enhancing precision and minimizing 
iatrogenic damage.  

Aim:To compare and asses the fracture resistance of teeth following fiber-post removal using two techniques 

conventional freehand removal and static guided endodontic navigation using two instrument systems: ultrasonic tips 

and Endo Tracer burs.  
Materials and Methods: 36 human extracted mandibular premolars with standardized morphology were prepared 

using a rotary nickel– titanium system and root canal filled using the single obturation cone technique and AH Plus 

root canal sealer. Fiber posts (0.8 mm, 2% taper) were cemented using dual-cure resin cement. Teeth got mounted in 
custom U-shaped epoxy resin molds simulating the dental arch. Group I underwent conventional freehand post 

removal, while Group I used static guided navigation designed through the merging of CBCT and optical surface 

scans. Groups were further subdivided into two subgroups in accordance with the instrument type (ultrasonic tip 

ET18D or Endo Tracer bur). Fracture resistance was then measured with the use of an Instron Universal Testing 
device. Finally, data was by using two-way ANOVA and independent t-test. Results: Guided navigation significantly 

increased fracture resistance compared to the conventional technique (p < 0.001). Ultrasonic instrumentation 

demonstrated higher fracture-resistance values than burs in both groups, with statistically significant differences within 
the guided technique (p = 0.005). No significant interaction was found between the technique and instrument type (p 

= 0.366). 

Conclusion: Static guided endodontic navigation preserved radicular dentin and resulted in significantly higher 
fracture resistance than conventional freehand post removal. Ultrasonic instruments exhibited superior performance 

compared with burs. Guided navigation represents a safer and more conservative approach for fiber-post removal. 
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technique capable of restricting instrument movement to 

a pre-planned digital path. This technique may allow 

more conservative preparation and greater preservation 

of radicular structure, with potential benefits including 
increased fracture resistance and procedural accuracy. 3,4 

Although guided endodontic systems have shown 

promising outcomes in preparation of access cavities, 
calcified canals location attempts, and degradation of 

fiber posts, limited evidence exists evaluating their 

influence on the mechanical performance of the tooth 
after post removal. Therefore, this study aimed to 

evaluate and compare the fracture resistance of these 

endodontic treated teeth following fiber-post removal 

using conventional freehand techniques versus static 
guided navigation, employing either ultrasonic tips or 

Endo Tracer burs. 

 

MATERIAL AND METHODS 

 

This study got approved by the Research Ethical 
Committee (REC) of the Faculty of Oral and Dental 

Medicine, Misr International University (MIU) (MIU-

IRB-2223-243). 

All patients who contributed extracted teeth provided 
informed consent for future scientific use. 

Sample Size Calculation Power analysis was conducted 

to detect differences in fracture resistance. Using α 
= 0.05, β = 0.20 (power = 80%), and effect size f = 0.618 

(from prior research), the total required sample size was 

36 teeth (18 per group, 9 per subgroup), calculated using 

G*Power 3.1.9.7. 5 

Sample Selection 

Thirty-six extracted human mandibular premolars were 

included in accordance with: Inclusion Criteria (Intact 
crowns and roots, Mature apices, Type I canal 

configuration, and no previous root canal treatment), 

Exclusion Criteria (Root defects, caries, or cracks, 
Calcification or apical resorption, Multiple canals). 

Teeth were standardized in buccolingual and mesiodistal 

dimensions. 

Teeth were cleaned with ultrasonic scaling, sterilized via 
autoclave at 121° C for 20 minutes, and kept in distilled 

water until use. Teeth after then were randomly allocated 

into two main groups depending on the technique 
utilized in fiber post removal, Group I – Conventional 

Technique (n=18), Group II – Guided Technique 

(n=18). Each group was further subdivided later into two 
subgroups according to 

the instrument used in the removal of the fiber post, 

Subgroup A: Ultrasonic tip ET18D, while Subgroup B: 

Yellow-coated Endo Tracer bur. 

Preparation of Samples 

Teeth were decoronated to 14 mm root length using a 

diamond disk under coolant. (6) Root canal were 
prepared following the crown-down technique using the 

EDGE X7 rotary system reaching size 40/0.04. (7,8,9) 

Irrigation was performed with 5.25% NaOCl 10,11,17, 

followed by drying and filling using a single obturation 

cone technique with AH Plus sealer. 12,13,14 

Post spaces were prepared using a white-coated ENA 
drill matching the fiber post size (0.8 mm). Post spaces 

were conditioned with phosphoric acid, rinsed, and 

bonded with dual-cure adhesive. Posts were positioned 
and cemented with a dual-cure resin cement, light-cured 

for 40s, and trimmed at the orifice level. 6,10,16,17 For 

materials settlement, teeth were stored in 100% 
humidity. 

Mold Preparation 

A 2-mm wax layer was applied around each tooth below 

the CEJ to act as a separating medium. The teeth were 
then fixed individually to a surveyor using sticky wax in 

a standardized U-shaped arch arrangement, with the 

distance between surveyor arms set at 1.5 cm. A custom 
U-shaped mold (5 cm in the diameter, and 1.2 cm in the 

height) was placed beneath the teeth. 

Each tooth was lowered into the mold so that 3 mm of 
root surface below the CEJ was embedded, simulating 

biological width and allowing space for thermocouple 

placement. Transparent epoxy resin was poured slowly 

into the mold to the predetermined level. After 24 hours 
of setting, the mold was placed in a 60– 70° 

C water bath to melt the wax layer, enabling easy 

removal and repositioning of the 
teeth within the cured resin block. 16,18,19 

CBCT and Digital Scanning 

CBCT imaging was performed using a KODAC 9000 

unit with a 5.0 × 5.0 cm as the field of view, and 150 μm 
voxel size, 90 kV, 12.5 mA, with 15.022-second 

exposure, and the images were saved as DICOM files. 

Each mold was digitally 
scanned using an intraoral scanner following a 

standardized protocol: starting from the occluso-lingual 

surfaces on the right side, moving to the left, then 
scanning back from the buccal surfaces. The surface 

scans were exported as STL 

files. The DICOM and STL data were subsequently 

overlaid using DDS-Pro software 
(version 2.22.0_2024), which was used for virtual 

planning and guide fabrication. 

Fabrication of 3D-Printed Endodontic Guides 
In the software, the DICOM and STL files were 

overlapped, and each post was identified to determine 

the appropriate sleeve path. A pre-existing implant tool 
was used to mark the drill path parallel to the post, with 

its length set to the full post depth and ending 5 mm from 

the root apex. A coronal guidance hole was then placed 

to mark the start of the post. The metal sleeve, 
prefabricated from brass using a desktop milling 

machine and designed with CAD software, had an inner 

diameter of 2 mm and an outer diameter of 3 mm. Two 
guides were designed for each subgroup, virtually 

exported as STL files, and printed using a DLP 3D 
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printer with transparent resin. After printing, the guides 

were rinsed with 99% isopropyl alcohol, cured with 

ultraviolet light, and finished using rubber polishing 

cups and sandpaper discs. 
Post Removal Procedures 

 

Group I – Conventional Freehand 
Post removal was performed under 10× magnification. 

In Subgroup A: Ultrasonic ET18D tip with intermittent 

cutting and water cooling was used, while in Subgroup 
B: Endo Tracer bur used axially with saline irrigation. 

Removal was confirmed visually under magnification 

and radiographically. (20,27) (Fig 1) 

 A 
 

 

 
 

 

 
 

 

 

 
 

        
Figure (1): A) Photograph showing 
post degradation procedure under microscope, B) 

Photograph showing visualization of gutta percha apical 

to the fiber post after degradation. 
 

Group II – Static Guided Navigation 

Guides were fitted, and the same instruments were used 
through the guide sleeves following the digitally planned 

path. Post removal verification followed the same 

protocol. (Fig. 2) 

 
 

 

Figure (2) photograph showing static guide on mold. 

 

Evaluation of Fracture Resistance 
Specimens were mounted on an Instron Universal 

Testing Machine (model 3345), Instron, Norwood, 

Massachusetts, USA. A steel rod applied an axial 
compressive load at 1 mm/min until the fracture 

happened. The maximum break load (N) was 

then recorded using BlueHill software. (22) 

 

RESULTS 

 

Values of mean and standard deviation were then 
calculated for each main group in each test. Data then 

were examined for normality through the 

Kolmogorov-Smirnov and Shapiro-Wilk tests, and the 
data manifested parametric (normal) distribution. 

The two-way ANOVA test was utilized to find out the 

interactions present between the different variables. 

Independent sample t-tests were used to do the 
comparison in between two groups within non-related 

samples. 

The level of the significance was set to P ≤ 0.05. the 
statistical analysis was done using IBM® SPSS® 

Statistics Version 25. 

 

Effect of subgroups: 
Group I (Conventional Technique) 

No statistical significant difference was found between 

the subgroups A(Ultrasonic), and B(Bur) (p = 0.328). 
Subgroup A showed a slightly higher mean value. 

Group II (Guided Technique) 

While a statistical significant difference was found 
between Subgroup A and Subgroup B (p = 0.005). With 

Subgroup A that demonstrates higher fracture resistance 

than Subgroup B. 

 

Effect of groups: 

 Both in Subgroup A (Ultrasonic ET18D) and Sub group 

B (Endo Tracer Bur), Guided navigation resulted in the 
presence of significant higher fracture resistance values 

comparing it with the conventional technique (p < 

0.001). (Table 1) 

 

B 
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Table 1 Mean and, standard deviation (SD) values for the fracture resistance of the groups. 

                              *; significant (p<0.05) ns; non-significant (p>0.05 

Effect among groups regardless of the subgroups: 

Statistically significant difference was present t between (Group I) and (Group II) where (p<0.001). The highest mean 
value was noted in (Group II), in contrast with the lowest mean value that was noted in (Group I). (Table 2) 

 

Table 2. Mean and, standard deviation (SD) values for the fracture resistance of among groups regardless of 

the subgroups. 

*; significant (p<0.05) 

 

Effect among subgroups regardless of the groups: 
No statistically significant difference was noted between (Subgroup A) and (Subgroup B) where (p=0.347). The highest 

mean value noted was found in (Subgroup A), in contrast with the lowest mean value that was found in (Subgroup B). 

 

Table 3. Mean and standard deviation (SD) values for the fracture resistance among groups regardless 

of the groups. 

    

           ns; non-significant (p>0.
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 DISCUSSION 

In contrast, the conventional freehand technique depends 
solely on the operator’ s tactile sensation and visual 

magnification. Even under a dental microscope, it is 

difficult to differentiate between the resin matrix of the 

post, cement layer, and surrounding dentin, especially 
when anatomical variations or limited visibility are 

present. This increases the likelihood of iatrogenic 

dentin loss, external stripping, or internal notching all 
factors that reduce root strength and predispose to 

vertical root fractures. The significantly lower fracture 

resistance values observed in the conventional groups 

reflect these limitations. 29,30 

Across both techniques, ultrasonic tips yielded higher 
fracture resistance values than Endo Tracer burs. 

Ultrasonic tips (ET18D) exhibit selective cutting 

efficiency, focusing more on the composite post material 
rather than aggressively removing dentin. (31) The fine 

diamond coating and slender design produce vibration-

based abrasion that gradually degrades the post while 
enabling the operator to maintain controlled instrument 

contact. This selective removal reduces the risk of dentin 

over-preparation during post removal. 

Endo Tracer burs, although precise and commonly used 
in endodontic retreatment, possess a higher cutting 

aggressiveness due to their rotary action and diamond-

coated surfaces. 32 When used freehand, this may lead to 
unintentional over-preparation of the apical extension or 

enlargement of the post space, especially in narrower or 

anatomically curved roots. This can weaken the 

remaining radicular dentin and consequently lower the 
fracture resistance. 32 

However, the effect of instrument type was significant 

only within the guided technique. This indicates that 
when the instrument’ s path is tightly controlled as in 

guided navigation the intrinsic properties of the tool 

(e.g., abrasiveness, precision, vibration pattern) become 
more influential. In contrast, within the freehand 

technique, human variability and difficulty in 

maintaining an accurate trajectory overshadow the 

differences between instruments, leading to generally 
lower and more comparable fracture resistance values. 
33,34 

 

CONCLUSION 

 

The results suggested that guided navigation plays a 
dominant role in structural preservation. Even the bur 

subgroup within the guided technique performed 

significantly better than both subgroups in the freehand 

technique. This underscores that precision of instrument 
path is more important than the instrument itself in 

determining mechanical outcomes. 

Given that vertical root fractures are a leading cause of 

tooth loss in retreatment cases, the ability to maintain 

high fracture resistance is essential for long-term 

success. Thus, the results of this study carried significant 
clinical relevance regarding using Guided endodontics 

for fiber-post removal, especially in cases of deep posts, 

calcified canals, or thin roots. Also, the Ultrasonic 
tipsmay be preferred over burs, particularly when 

combined with guided navigation, to enhance precision 

andminimize radicular dentin loss. 30 
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