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SUMMARY:
Purpose: The aim of the study is to evaluate, by cone

beam computed tomography, the quality of obturation of
the root canal system using the hydraulic condensation
method and three preparation methods of printed 3D repli-
cas of human premolars with Vertucci type III, IV and V
configuration.

Materials and methods: The printed 3D replicas of
human premolar teeth (n=45) are divided into three groups,
depending on the morphology of their root-canal system
and the method of preparation: Group 1: 15 specimens with
Vertucci type III, IV, and V configuration (5 for each con-
figuration), using a standard preparation technique with a
.02 taper; group 2: 15 specimens with Vertucci type III, IV,
and V configuration (5 for each configuration), Crown
down preparation technique with .06 taper and group 3:
15 specimens with Vertucci type III, IV and V configura-
tion (5 for each configuration), by hybrid preparation tech-
nique.

All root canals of all specimens were obturated us-
ing the hydraulic condensation method.

Cone beam computed tomography scans of the ob-
turated endodontic spaces were compared using HOROS
software.

Results: The quality of the root canal filling did not
differ significantly in the three studied groups, with 3D ob-
turation having the highest results in group 3 of the stud-
ied.

Conclusion: Obturation of premolars with atypical
anatomy by the method of hydraulic condensation gives
good results in three methods of preparation of the root ca-
nal system.

Keywords: cone beam computed tomography, root
canal obturation, atypical anatomy,

INTRODUCTION
High success rates in endodontic treatment rely heav-

ily on a precise understanding of the anatomy and mor-
phology of the root canal system of teeth. This knowledge
is crucial for the accurate identification, cleaning, shaping,
and sealing of root canals. Particular attention must be paid
to premolars, which often exhibit significant variations in
their root canal system anatomy [1, 2].

Maxillary premolars typically possess two root ca-
nals; however, some studies have shown the presence of
three roots in a small percentage of cases [3, 4]. Mandibu-
lar premolars, on the other hand, usually have one root and
one canal but may also present atypical anatomical varia-
tions [5, 6]. Vertucci et al. classified these anatomical vari-
ations into eight distinct types, facilitating diagnosis and
treatment [7].

Anatomical variations in premolars create numerous
challenges in endodontic treatment, including the poten-
tial to miss additional canals, difficulties in preparation and
obturation, and an increased risk of instrument fracture. The
use of cone-beam computed tomography (CBCT) greatly
facilitates the diagnosis of these variations [8, 9]. Tech-
niques such as Crown-Down and Step-Back are recom-
mended for preparation [10, 11], alongside modern meth-
ods like thermoplasticized gutta-percha for achieving
three-dimensional canal system sealing [12].

To study and refine protocols for treating root ca-
nals with atypical anatomy, creating working models rep-
licating existing teeth with data derived from CBCT im-
ages is advantageous. These prototypes are made possible
through 3D printing [13] and offer advantages over ex-
tracted teeth by ensuring ideal access, instrumentation, and
obturation of the endodontium.

The objective of this study is to evaluate, via cone
beam computed tomography, the quality of root canal ob-
turation in 3D-printed replicas of human premolars with
Vertucci configurations Types III, IV, and V, utilizing a
bioceramic sealer and the hydraulic condensation tech-
nique. These methods were selected to enhance the effec-
tiveness of obturation in complex anatomical configura-
tions commonly found in premolars.
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MATERIALS AND METHODS
Printed 3D replicas of human premolar teeth (n=45)

were divided into three groups based on the morphology
of their root canal systems:

Group 1: 15 samples with Vertucci Type III configu-
ration

Group 2: 15 samples with Vertucci Type IV configu-
ration

Group 3: 15 samples with Vertucci Type V configu-
ration

Each group was subdivided into 3 subgroups:
Subgroup a (n=15) – 5 samples from each Vertucci

configuration were prepared with the Standard preparation
technique, .02 taper: The root canal preparation began
with manual stainless steel K-files (#08 and #10) to es-
tablish patency and determine the working length. The
canals were then sequentially enlarged using standard K-
files from size #15 to #30 at the established working
length, ensuring a consistent .02 taper. After each file, re-
capitulation was performed with a #10 K-file to maintain
patency. The irrigation protocol included:

1.Initial irrigation with 2 mL of 2.5% sodium hy-
pochlorite after each instrument change.

2.Final irrigation with 2 mL of 17% EDTA solution
for 1 minute to remove the smear layer, followed by final
rinse with 2 mL of 2.5% sodium hypochlorite and 2 mL
of distilled water to remove residual irrigants.

3.Canal drying using sterile paper points.
Subgroup b (n=15) – 5 samples from each Vertucci

configuration were prepared with the Crown-down prepa-
ration technique, .06 taper: The preparation was performed
using ProTaper Gold rotary instruments (Dentsply Sirona,
Switzerland). Initial canal patency and working length de-

termination were carried out with manual K-files (#08 and
#10). Preparation involved sequential rotary files (SX, S1,
S2, F1, F2, F3) used in a crown-down manner to an apical
size of 0.30 mm with a .06 taper. Recapitulation was per-
formed consistently using a #10 K-file. The irrigation pro-
tocol was identical to subgroup a.

Subgroup c (n=15) – 5 samples from each Vertucci
configuration were prepared with the Hybrid preparation
technique: Canal patency and working length were ini-
tially determined with manual K-files (#08 and #10). Fol-
lowing manual enlargement (K-file #15), rotary ProTaper
Gold instruments (S1 and S2) were used to further shape
the coronal and middle thirds of the canal, stopping 1 mm
short of the established manual working length. The api-
cal third was then prepared using the manual step-back
technique with stainless steel K-files (#20 to #30). Reca-
pitulation with a #10 K-file was performed after each file
to ensure patency. The irrigation protocol was as de-
scribed in subgroups a and b

All samples (n=45) were dried with paper posts, and
obturated using bioceramic sealer (Bioroot, Septodont)
and master gutta percha cone as follows: subgroup a - #30,
.02; subgroup b and c - #30, .06. The filled samples were
scanned using 3D cone-beam computed tomography
(CBCT), and the images were analyzed using the iRys
Viewer software (MyRay®).

The volume of obturation material in the root ca-
nal space was evaluated using the ImageJ software’s ROI
(Region of Interest) manager function. This function
manually outlines areas of gutta-percha and sealer for cal-
culation.

 These values were statistically analyzed using
SPSS v26 [14].

Fig. 1. Vertucci’s Classification of Anatomical Variations in the Root Canal System of Premolars [7].
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Fig. 2. Manual outlining of the region of interest
(ROI) in the ImageJ program, which automatically calcu-
lates the area.

Table 2. Group 2: Average Volume of Canal Filling
Material (mm³)

GROUP  2
Average volume

(mm³)

Subgroup 2-a 8.641 mm³

Subgroup 2-b 10.711  mm³

Subgroup 2-c 11.076 mm³

Average volume for group 2 10.142mm³

Table 3. Group 3: Average Volume of Canal Filling
Material (mm³)

GROUP  3 Average volume
(mm³)

Subgroup 3-a 7.485 mm³

Subgroup 3-b 11.189  mm³

Subgroup 3-c 12.284 mm³

Average volume for group 3 10.319 mm³

The control subgroups (1-a, 2-a, and 3-a) showed
the lowest volume of filling material, while the highest

volumes were observed in subgroups 1-c, 2-c, and 3-c,

where the hybrid preparation technique was employed.
This difference is statistically significant (p<0.05). No

statistically significant differences were observed when

comparing the average volumes across groups (p>0.05)
or between groups prepared with the hybrid and entirely

mechanical techniques (p>0.05).

RESULTS
The results of the average volume of root canal ob-

turation for the three groups of samples are presented in
Tables 1, 2, and 3:

Table 1. Group 1: Average Volume of Canal Filling
Material (mm³)

GROUP  1
Average volume

(mm³)
Subgroup 1-a 7.765 mm³

Subgroup 1-b 11.823 mm³

Subgroup 1-c 11.952 mm³

Average volume for group 1 10.513 mm³

Fig. 3. Comparison of the volume of canal filling material in sagittal sections from Group 1, subgroups a, b,
and c.
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Fig. 4. Comparison of canal filling volume in axial sections from Group 2, subgroups a, b, and c.

Fig. 5. Comparison of canal filling volume in axial sections from Group 3, subgroups a, b, and c.

DISCUSSION
The results of this study show that the hybrid tech-

nique for root canal preparation leads to a larger volume
of root canal filling compared to the standard manual tech-
nique and the machine-assisted technique. This can be ex-
plained by the fact that the hybrid approach combines the
advantages of different techniques, allowing for better
shaping of the root canals, including their hard-to-reach
areas. The technique includes pre-enlargement of the coro-
nal and middle third with nickel-titanium instruments.
This allows for deeper penetration of the irrigants through-
out the entire canal system, and better control over the
preparation of the apical zone while preserving the origi-
nal anatomy. In this study, Type III, IV, and V canal con-
figurations were selected. In Types III and V, there is a
deep split located in the middle or apical part of the ca-
nal. Hybrid approach allows better visual(if an operating
microscope is used) and tactile control, particularly at the
level of the split, which makes it very helpful when deal-
ing with these types if anatomical variations. The in-
creased amount of canal filling material is crucial for en-
suring effective obturation and reducing the risk of bac-
terial reinfection.

Interestingly, the difference between the hybrid
technique and the machine-assisted technique is not sta-
tistically significant, which suggests that machine-as-
sisted preparation also provides good quality obturation.

This confirms previous studies showing that machine-as-
sisted techniques improve both the precision of prepara-
tion and the quality of the final root canal obturation [15,
16]. The machine-assisted technique allows for better con-
trol over the shape of the canal and reduces the time
needed for preparation, making it a preferred method for
many endodontists [17]. The only disadvantage that we
observed during this study was that in Types III, and V
configurations, sometimes it can be difficult to pass ro-
tary instruments in both canals after the level of the split.
In these cases, for the second, more abruptly curved ca-
nal, the hybrid approach can be beneficial, as it allows
for precurving of the hand instruments. With the devel-
opment of the latest generations of nickel-titanium alloys
with heat-treated technology, precurving of the instrument
and inserting it into highly curved canals and splits is
also possible.

It is also noteworthy that all three canal configura-
tions show significantly lower filling volumes in the sam-
ples with the manual preparation technique. This result
can be explained by the limitations of manual techniques.
Using only stainless steel, rigid instruments predisposes
the canal to blockages, ledges and transportations,  espe-
cially in cases with more complex root canal morphology,
which is often seen in Vertucci type III, IV, and V con-
figurations. Trying to negotiate and prepare at the begin-
ning the apical, most challenging part of the canal sys-
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tem, which is inherent disadvantage of this method, of-
ten leads to blockages and inability to clean and obtu-
rate. Such cases require more precise preparation, which
can be difficult to achieve with manual techniques due
to the limited maneuverability of standard instruments in
root canals with complex anatomy [10].

Another important aspect of this study is the use
of 3D-printed replicas to evaluate the quality of obtura-
tion. This methodology allows for an accurate reproduc-
tion of anatomical variations and offers an efficient way
for training and simulating complex cases in endodontic
practice. In the future, the development of 3D printing
could offer new opportunities for even more precise
simulations, leading to better clinician preparation and
improved treatment quality.

CONCLUSION
Based on the results of this study, we can conclude

that the hybrid technique for root canal preparation pro-
vides the highest volume of canal filling material, which
is a key factor for the success of endodontic treatment.
However, the machine-assisted technique also shows simi-
lar results, making it a suitable alternative in practice. The
manual technique, although still used, is less effective in
complex anatomical cases and requires further improve-
ments or combinations with other methods to achieve op-
timal results.

Acknowledgments
This research is part of scientific research project

No. DPDP-15/2022 at Medical University of Plovdiv.

REFERENCES:
1. Shenoy A, Bolla N, Vemuri S,

Kurian J. Endodontic retreatment—
unusual anatomy of a maxillary sec-
ond and mandibular first premolar:
report of two cases. Indian J Dent
Res.  2013 Jan-Feb; 24:1237.
[PubMed]

2. Vertucci FJ. Root canal mor-
phology and its relationship to endo-
dontic procedures. Endod Topics.
2005 Mar; 10(1):3-29. [Crossref]

3. Bürklein S, Heck R, Schäfer E.
Evaluation of the root canal anatomy
of maxillary and mandibular
premolars in a selected German popu-
lation using cone-beam computed to-
mographic data.  J Endod.  2017
Sep;43(9):1448-1452. [PubMed]

4. Özcan E, Çolak H, Hamidi MM.
Root and canal morphology of max-
illary first premolars in a Turkish
population. J Dent Sci. 2012 Dec;
7(4):407-411. [Crossref]

5. Fan B, Yang J, Gutmann JL, Fan
M. Root canal systems in mandibular
first premolars with C-shaped root
configurations. Part I: microcomputed
tomography mapping of the radicular
groove and associated root canal
cross-sections. J Endod. 2008 Nov;
34(11):1337-1341. [PubMed]

6. Cleghorn BM, Christie WH,
Dong CC. The root and root canal
morphology of the human mandibu-

lar first premolar: a literature review.
J Endod. 2007 Sep;33(9):1031-7.
[PubMed]

7. Vertucci FJ. Root canal mor-
phology of mandibular premolars. J
Am Dent Assoc. 1978 Sep;97(1):47-
50. [PubMed]

8. Khanna S, Jobanputra L, Mehta
J, Parmar A, Panchal A, Mehta F. Re-
visiting Premolars Using Cone-Beam
Computed Tomography Analysis and
Classifying Their Roots and Root Ca-
nal Morphology Using Newer Classi-
fication. Cureus. 2023 May 6;15(5):
e38623. [PubMed]

9. Olczak K, Pawlicka H,
Szymañski W. Root form and canal
anatomy of maxillary first premolars:
a cone-beam computed tomography
study. Odontology. 2022 Apr;110(2):
365-375. [PubMed]

10. Davaji  M, Valizadeh M,
Karimpour S. Detection and Endo-
dontic Treatment of Unusual
Anatomic Variations in Second
Premolars: A Case Report. Iran Endod
J. 2023; 18(4):254-258. [PubMed]

11. Wolf TG, Anderegg AL,
Wierichs RJ, Campus G. Root canal
morphology of the mandibular second
premolar: a systematic review and
meta-analysis. BMC Oral Health.
2021. June 16;21(1):309. [PubMed]

12. Slowey RR. Root canal

anatomy: Road map to successful en-
dodontics. Dent Clin North Am. 1979
Mar; 23:555-73. [PubMed]

13. Reis T, Barbosa C, Franco M,
Baptista C, Alves N, Castelo-Baz P, et
al. 3D-Printed Teeth in Endodontics:
Why, How, Problems and Future-A
Narrative Review. Int J Environ Res
Public Health. 2022 Jun 29;19(13):
7966. [PubMed]

14. Zhekov K, Stefanova V.
Optimizing non-surgical endodontic
retreatment: a 3D CBCT quantifica-
tion of root canal bioceramic filling
material removal. Open Dent J. 2024;
18:e18742106300149. [Crossref]

15. Gluskin AH, Peters CI, Peters
OA. Minimally invasive endodontics:
challenging traditional concepts of
preparation. Dent Clin North Am.
2010 Mar;54(2):249-268. [PubMed]

16. Liu H, Lai WWM, Hieawy A,
Gao Y, von Bergmann H, Haapasalo
M,  et al. Micro-computed tomo-
graphic evaluation of the quality of
root canal fillings in mandibular mo-
lars after obturation for 54 Months. J
Endod. 2021 Nov;47(11):1783-1789.
[PubMed]

17. Liang Y, Yue L. Evolution and
development: engine-driven endo-
dontic rotary nickel-t i tanium
instruments. Int J Oral Sci. 2022 Feb
18;14(1):12. [PubMed]



6194 https://www.journal-imab-bg.org J of IMAB. 2025 Apr-Jun;31(2)

Address of correspondence:
Dr Aleksandra Pecheva-Stoeva, Chiev Ass. Prof.
Department of Operative Dentistry and endodontics, Faculty of Dental Medi-
cine, Medical University Plovdiv.
Address: 3 Hristo Botev Blvd, Plovdiv, Bulgaria
E-mail: Aleksandra.pecheva@mu-plovdiv.bg,

Please cite this article as: Georgiev K, Pecheva A, Boyadzhieva E, Vangelov L. Cone beam computered tomography
evaluation of the root canal obturation of premolars with atypical anatomy. J of IMAB. 2025 Apr-Jun;31(2):6189-6194.
[Crossref - https://doi.org/10.5272/jimab.2025312.6189]

Received: 11/11/2024; Published online: 07/05/2025


