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Abstract. Optical coherence tomography (OCT) is a 
non‑invasive, non‑radioactive optical diagnostic method based 
on low‑coherence interferometry, which achieves images with 
different orientation. In dentistry, its major advantage is repre‑
sented by the localization and characterization of the smallest 
defects in hard dental tissues, dental materials and of the smallest 
details in dental anatomy (supplementary canals, recesses, isth‑
muses, or intra‑radicular connections). The aim of the present 
in vitro study was to evaluate using c‑scan en‑face optical 
coherence tomography, the optical opacity, and the distribution 
inside the root canal lumen of several extracted human teeth of 
silver and gold nanoparticles from special irrigating solutions 
used in endodontic treatment. Twelve root canals from 5 human 
teeth were instrumented using the ProTaper Universal system 
after initial negotiation with hand K‑files ISO no. 10 and rotary 
nickel‑titanium PathFile instruments. An initial c‑scan OCT 
analysis was performed for each sample to confirm that the root 
canal lumen was empty from radiopaque materials (Group 1). 
Teeth were first irrigated with NanoCare Plus (Group 2) and 
then with NanoCare Gold (Group 3) and C‑scans were repeated 
after each irrigation method. The OCT investigation started at 

the tooth apex, at a depth of 1 mm from its tip. Subsequently, 
100 slices of 10 microns were obtained from each root canal. 
Images were captured and then analyzed with ImageJ software 
to calculate the level of grey inside the root canal lumen. The 
highest values of grey were obtained in the samples irrigated 
with NanoCare Gold after NanoCare Plus (Group 3). The 
present study proved that both nanoparticles inserted in root 
canal irrigants were evidenced through OCT imagistic analysis 
due to their optical opacity, which allowed their highlighting in 
an empty root canal lumen, after the endodontic treatment was 
performed and the root canal was cleaned and shaped using 
specific protocols.

Introduction

Trends pertaining to antimicrobial endodontic irrigation solu‑
tions and of nanoparticles used in root canal filling materials 
are focused on disinfection of the endodontic system and 
prevention of the development of bacterial biofilm. Since 
failures of endodontic treatment are present in clinical prac‑
tice, there is continuous development of endodontic irrigating 
solutions and of root canal filling materials. More specifically, 
nanotechnology helps to create new materials with biologic 
applications, including dental biomaterials (1).

Dental nano‑biomaterials are based on polymeric or 
metallic nanoparticles, with demonstrated antimicrobial 
effect, which are incorporated in filling materials or are used 
as adjuvants in root canal cleaning to eliminate the presence 
of microorganisms  (2). Silver colloid is of special interest 
because of its distinctive properties as good conductivity, 
chemical stability, and catalytic and antibacterial activity. 
Silver diamine fluoride [Ag(NH3)2F] solution has been used 
in the prevention and progression of dental caries. When silver 
diamine fluoride is used at a concentration of 3.8% as a root 
canal irrigant or as interim medication, it has potential activity 
in the reduction of bacterial adhesion (3).
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Silver colloid is considered a ‘natural antibiotic’ from 
antiquity, being non‑toxic for human cells, but highly toxic for 
some bacterial species, such as E. coli, Staphylococcus aureus, 
and others (2). It is an aqueous solution of ultra‑small silver 
nanoparticles, with 1‑9 nanometers diameter in distilled water, 
with the antimicrobial activity of silver colloid being very 
similar to that of antibiotics with large spectrum. Its presence 
activates an enzyme with local action against each bacteria, 
virus, and fungi. Silver colloid establishes the acid‑base 
equilibrium and initiates external resistance. At this colloid, 
polymorph or mutant microorganism is extremely sensitive (2).

Gold nanoparticles are generally 1‑100  nm particles 
usually suspended in a fluid (colloidal gold). Known as 
Nanogold, colloidal gold suspension is usually burgundy red 
(for spherical gold nanoparticles with a diameter <100 nm), 
or yellow brown (for higher diameter of the nanoparticles). 
The diameter of nanoparticles plays an indispensable role in 
nanotechnology and is crucial for all biological applications. 
In recent years, gold nanoparticles have been intensely studied 
because of their optical properties, with large applications in 
biomedicine (4‑10). As elementary silver liberates ions and 
gold is known for its optical properties and the absorption of 
proteins, the combination of these two elements, especially 
in one single material, has been tested to obtain a synergistic 
effect of their properties. For example, the utilization of 
silver nanoparticles in combination with gold can create new 
possibilities for materials with antibacterial activity (1).

Two new irrigating solutions based on gold and silver 
nanoparticles have been introduced in endodontic prac‑
tice: NanoCare Plus Silver Gold and NanoCare Gold 
(Nanotechnology Dental, Poland). NanoCare Plus Silver Gold 
is a pharmaceutical complex with long‑lasting bacteriostatic 
activity, indicated as a final irrigant in root canal treatment. The 
aim of this solution is to complete the cleaning of the endodontic 
system obtained after conventional irrigation protocol. Sodium 
hypochlorite is used as the main endodontic irrigant as, owing 
to its germicide and proteolitic activity, it eliminates most of 
the organic substances from the root canals. Nanocare Plus 
Silver Gold acts as a supplementary cleaner of organic rests and 
because of the gold and silver nanoparticles contained, prevents 
the bacterial re‑colonization inside the root canal system. The 
final step of the root canal filling is not negatively influenced 
by the corrosion of gold and silver nanoparticles and by their 
minimal concentration in the irrigating solution (11,12).

NanoCare Gold was developed with the purpose of 
immediate use prior to filling, cementation of a prosthetic 
restoration, veneer or inlay/onlay, or covering the entire surface 
of the tooth with a layer of nanoparticles. Due to the chemical 
neutrality of silver and gold nanoparticles, the components of 
NanoCare Gold do not interact with the products usually used 
in dental treatment, thus, their properties are preserved (11,12). 
Moreover, the nanosilver and nanogold particles from its struc‑
ture do not deactivate by the light used in photo polymerization 
of the restoration. NanoCare Gold has a positive influence on 
the adhesion of composite materials to dentin, which increases 
the longevity of the restoration (a lower risk of micro‑fissure 
occurrence). It is very important that NanoCare Gold does not 
change the color of the final restoration (11,12).

Optical Coherence Tomography (OCT) was first reported as 
a new imagistic method by Huang et al (13) in 1991. Since then, it 

has a lot of clinical applications in medical diagnosis, including the 
field of dentistry. OCT is a non‑invasive, non‑radioactive optical 
diagnostic method based on low‑coherence interferometry, which 
achieves images with different orientation, with a depth resolution 
of 10 µm; after their importation in numerical simulation softs, 
it creates a three‑dimensional reconstruction and interpretation 
of the analyzed structures. In dentistry, the major advantage of 
OCT is represented by the localization and characterization of 
the smallest defects in hard dental tissues or dental materials, 
and of the smallest details in dental anatomy, such as supplemen‑
tary canals, recesses, isthmuses, or intra‑radicular connections. 
Structural defects existent in the root canal filling material, rests 
of materials or debris, even at a level of nanoparticles, present in 
the canal lumen can be observed by using this method. Another 
advantage of this method is that it is total non‑invasive and does 
not deteriorate the analyzed samples (12‑15).

The aim of the present in vitro study was to evaluate using 
c‑scan en‑face optical coherence tomography (OCT) the 
optical opacity and the distribution inside the root canal lumen 
of several extracted human teeth, of silver and gold nanopar‑
ticles from special irrigating solutions used in endodontic 
treatment.

Materials and methods

Materials. Twelve root canals with different apical curvature 
from 5 human teeth extracted for periodontal reasons, after 
informed consent of the patients was obtained (1  mono‑
radicular‑1 canal, 1  first upper premolar‑2 canals, 1 upper 
molar‑3 canals and 2 lower molars‑each with 3 canals) were 
instrumented using the ProTaper Universal system (Dentsply 
Maillefer) after initial negotiation with hand K‑files ISO 
#10 and rotary nickel‑titanium (NiTi) PathFile instruments 
(Dentsply Maillefer). The root canals have been shaped in a 
crown‑down technique, using the following working sequence 
of the ProTaper system: S1‑S2‑F1‑F2‑F3, at 300 rpm and 
torque settings according to the manufacturer's instructions, 
using a conventional irrigation protocol, with common use in 
clinical endodontic practice. The main irrigant used for each 
root canal during shaping procedures was sodium hypochlorite 
NaOCl 5.25% (10 ml), in alternation with ethylenediaminetet‑
raacetic acid EDTA 17% solution (2 ml) and distilled water. 
The root canals were dried with sterile paper points at the end 
of cleaning and shaping until they were completely dried and 
no irrigant remained inside. Periapical radiographs (Fig. 1) 
were taken for each of the root canals included in the study to 
confirm the quality of the endodontic preparation.

Evaluation of root canals. A Time Domain Optical Coherence 
Tomography (TD‑OCT) setup with the new dynamic focus 
method was employed for this evaluation. The output optical 
power used by the system was between 1 and 3.5 mW, using a 
Thorlab PM100 device. The system was working in the range 
of 1,250‑1,360 nm (OSA) (model no. HP70950B) and the width 
of the optical band was >25 nm (OSA) (model no. HP70950B). 
The dynamic focus method requires only that the object arm 
(not the reference arm) is placed on the translation stage. By 
allowing physical separation of the two interferometer arms, 
the dynamic focus method removes a design constraint which 
restricts the layout of more complex systems such as those 
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employing adaptive optics. In addition, it permits the design of 
a probe‑head which is both smaller and can be positioned inde‑
pendently of the rest of the OCT system. The TD‑OCT system 
operates both C‑scan (en‑face) and B-scan (cross‑sectional) 
sections.

Grouping. An initial C‑scan OCT analysis was performed 
for each of the samples to confirm that the root canal lumen 
is empty from radiopaque materials: Group 1 (Control group) 
(Fig. 2). The C‑scan OCT parameters used were: 1,300 nm, 100 
sections/1 mm, with a distance of 0.01±0.005 mm. The samples 
were locked in fixed positions in a block of putty silicone and 
placed at 20.5 mm from the OCT lens (Fig. 2). The C‑scan OCT 

investigation started at the apex of the tooth, at a depth of 1 mm 
from its tip. Then, 100 slices of 10 microns were obtained.

The same 12 samples were used as two other study groups, 
according to the non‑conventional irrigating protocol that 
followed, by using the nanoparticle irrigating solutions. In 
Group 2 (n=12), only 1 ml of NanoCare Plus Silver Gold (Dental 
Nanotechnology Company) was used as supplementary irriga‑
tion for each sample (Fig. 3). The irrigant was placed into the root 
canal with a 25‑Gauge needle introduced on the entire working 
length. No aspiration followed, and teeth were evaluated with 
another OCT investigation. In Group 3 (n=12), 1 ml of NanoCare 
Gold (Dental Nanotechnology Company) was additionally used 
for irrigation in each sample (Fig. 3) and C‑scan OCT analysis 

Figure 1. Initial radiographs of some of the samples after conventional endodontic treatment.

Figure 2. Some of the samples fixed for the OCT analysis.
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was again performed to determine whether there is a difference 
in the imagistic appearance of the levels of grey in the root canal 
lumen comparative to the initial OCT images (Group 1) or with 
the first non‑conventional irrigation protocol (Group 2). The time 
between the irrigation and fixation and OCT evaluation of the 
samples was approximately 5 min, until the OCT analysis was 
completed. OCT images obtained before and after the two irriga‑
tion protocols with nanoparticles solutions were compared.

Regions of interest. One hundred images representing the 
OCT‑sections were recorded for each of the 12 root canals and 
were analyzed, using the public domain software ImageJ (version 
1.33 µ; National Institute of Health), which is a free‑of‑charge 
software widely used in medical and biological image analysis 
over a long period of time, with a wide range of analysis func‑
tions (16,17). Image files can be opened, and regions of interests 
(ROI) can be created automatically or by freehand selection. 
The ROIs can be saved and transferred to other images and 
edited afterwards to different projection conditions. A region of 
interest was opened using as its borders the margins of the root 
canal of every tooth. Only the root canal was enclosed in the 
ROI. Using the histogram tool, the pixel values of the ROIs were 
established. The grey values were related to the absorption of 
X‑rays, the radiologic density of a certain tissue. The grey values 
were saved in an 8‑bit color space. Every pixel obtained a value 
between 0 and 255 in which 0 stands for black, low radiologic 
density and 255 for white, total X‑ray absorption (Fig. 4).

Statistical analysis. The maximum, minimum, mean value 
and the standard deviation of the grey values were calculated. 

The Student's t‑test was used to compare the results between 
the groups to identify the statistically significant differences. 
The result was considered statistically significant for P<0.05.

Results

OCT analysis. The c‑scan OCT analysis allowed the investiga‑
tion of the root canal outline and lumen on every section that 
varies from 0 to 1 mm from the root apex. On the samples 
without nanoparticle‑based irrigants, the root canal lumen 
appeared clearly separated from the dentinal contour, which 
is almost white on the OCT images (255 radiological density). 
The empty root canal lumen showed the lowest level of grey on 
the initial OCT images, as it was empty and almost completely 
black on the initial OCT‑scans.

Grey values and significance. The maximum, minimum, mean 
value, and the standard deviation of the grey values on the 
analyzed OCT images for each group were recorded in Table I.

Following Student's t‑test, a statistically significant differ‑
ence was found between Group 1 and Group 2 (P<0.00001) 
and Group 1 and Group 3 (P<0.00001). However, between 
Group 2 and Group 3 even if the data showed a difference, this 
was not statistically significant (P>0.05).

Root canal. Analysis of the images showed that the pixel values in 
the two groups (where nanoparticle irrigants were used) increased 
in comparison with the control side (where only standard sodium 
hypochlorite was used). The level of grey inside the root canal 
lumen was higher in the samples irrigated with NanoCare Plus 
(Group 2) compared to the initial samples (Group 1). It can be 
assumed that the nanoparticles present in the irrigating solution 
were observed as whiter, dot‑like material inside the root canal. 
The highest levels of grey were obtained in Group 3, after the 
second irrigation with NanoCare Gold (Figs. 5 and 6).

The almost circular shape of the root canal contour, as the 
result of the rotary instrumentation with nickel‑titanium instru‑
ments, was also observed (Fig. 5). On some of the analyzed 
samples, the eccentric position of the apical foramen in relation 
to the radiological apex was identified (Figs. 6 and 7).

Discussion

The OCT‑based investigation of the current study revealed 
that nanoparticles from the irrigating solutions were observed 
even at the level of the last apical millimeter of the root canal, 

Figure 3. The nanoparticle irrigating solutions.

Figure 4. OCT analysis with the regions of interest (ROI) marked.

Table I. Levels of grey scores of the OCT scans before and 
after irrigation with nanoparticles.

Group	 Min	 Max	 Mean	 SD

1	 9	 255	 88.74076	 4.87669
2	 12	 255	 102.94019	 5.82824
3	 11	 255	 104.31445	 2.12771

OCT, optical coherence tomography; SD, standard deviation.
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suggesting good diffusion capacity of these endodontic irrig‑
ants. This observation can lead to improvement of the classical 
irrigation protocols used in daily endodontic practice, as the 
apical area is the most refractory area to cleaning during treat‑
ment, and the presence of the nanoparticles in close contact with 
the root canal outline, as observed in the present study, may lead 
to improved disinfection efficiency of endodontic irrigants.

The results obtained in the present study are similar with 
literature data and show that the addition of gold and silver 
nanoparticles in root canal irrigants increases their optical proper‑
ties. It is known that gold addition decreases the micro‑infiltration 
at the root canal walls level, increasing the adhesion of filling 
materials to dentin. Both types of nanoparticles have proved 
antimicrobial efficiency. Furthermore, this property enhances 
the capacity of the irrigation protocol to reduce the number of 
remnant bacteria in the root canal lumen (Figs. 5‑7).

One of the limitations of the present study could be the 
resolution of the OCT investigating system; because of the lack 
of a clear differentiation between the tubular dentin and the gold 
and silver nanoparticles the present study cannot demonstrate 
the penetration capacity of the nanoparticles at a tubular level. A 

better resolution of the OCT investigating system to differentiate 
between the dentin optical opacity and the one of the nanoparticles 
or the performance of other imagistic analysis such as Electronic 
Transmission Microscopy could offer more precise results.

Micro‑infiltration tests performed on cleaned, shaped, and 
filled root canals after irrigation with solutions supplemented 
with nanoparticles can be performed in future studies, to prove 
the influence of these particles on the adhesion of various mate‑
rials to root canal dentin, as shown in the literature (18‑20). In 
addition, the present study can be continued and improved by 
investigating the efficacy of these irrigants on specific bacteria 
including E. faecalis or other species colonizing the root canal, 
to prove their antibacterial effect (9,10,21).

The present study proved that gold and silver nanoparticles 
introduced in root canal irrigants could be evidenced through 
OCT imagistic analysis because of their optical opacity, 
different from that of the root canal dentin and from the empty 
root canal lumen. The optical opacity of these nanoparticles 
allows their ability to be highlighted in an empty root canal 
lumen, after the endodontic treatment is performed and the 
root canal is cleaned and shaped using specific protocols. There 

Figure 6. OCT analysis of the same section from Sample 5 before and after the non‑conventional irrigation protocols. (A) Initial OCT, (B) +NanoCare Plus, 
(C) +NanoCare Gold.

Figure 7. OCT analysis of the same section from Sample 6 before and after the non‑conventional irrigation protocols. (A) Initial OCT, (B) +NanoCare Plus.

Figure 5. OCT analysis of the same section from Sample 1 before and after the non‑conventional irrigation protocols. (A) Initial OCT, (B) +NanoCare Plus, 
(C) +NanoCare Gold.
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was no possibility to separately highlight gold from silver 
nanoparticles using this technique because both irrigants used 
in the present study contain both types of nanoparticles, with 
a bigger gold concentration for the NanoCare Gold irrigant.

The OCT investigation performed in the present study 
proved that the highest optical opacity in the investigated 
samples was obtained after using an alternation of these two 
irrigants, explained by a higher concentration of nanoparticles 
remaining in the root canal lumen.

Numerous applications of nanomedicine and the promising 
results of research regarding the applicability of nanotech‑
nology in clinical medicine are prerequisites for the continuous 
development of this area (22‑25).

Therefore, nanotechnology is currently one of the future 
directions for investigation in endodontics as well.
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