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Abstract

Endodontic treatments involve accessing a sterile or non-sterile pulp chamber and root canal content, following an inflammation of the pulp or bacterial

colonization of the pulp chamber and root canals, as a septic complication of decay. For this purpose, stainless steel instruments were developed in the

last century and Ni-Ti files more recently, serving for different purposes during different procedures and manoeuvres having the unique goal to clean

and seal the root canal. For this purpose stainless steel and more recently, nickel-titanium (Ni-Ti) instruments have been developed. These instruments

not only increased the speed of the treatment but also managed to assure a proper shape of the canal preparation and subsequently, of the canal filling.

Being so useful, reliable, resistant, and ultimately, not cheap, the initially single-use instruments got to be reused by a wide number of practitioners. The

present review critically evaluates the single-use policy of these instruments, debating on aspects like cross-infection, mechanical aspects, sterilization

protocols and its effect in these instruments, highlighting what is known at the moment about it.
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Introduction

Endodontic treatments involve accessing a sterile or non-sterile
pulp chamber and root canal content, following an inflammation
of the pulp or bacterial colonization of the pulp chamber and root
canals, as a septic complication of decay. For this purpose, stainless
steel instruments were developed in the last century and Ni-Ti
files more recently, serving for different purposes during different
procedures and manoeuvres having the unique goal to clean and seal
the root canal respecting the biologic and mechanical principles stated
by Schilder [1]. Newer (Ni-Ti) files not only increased the speed of
the treatment but also managed to assure a proper shape of the canal
preparation and subsequently, of the canal filling. Being so useful,
reliable, resistant, and ultimately, not cheap, the initially single-use
instruments got to be reused by a wide number of practitioners for at
least 5 times, with great success, being assured by the manufacturers
that both files and the tooth are safe. There are reports of file reuse on
12 [2] or 24 [3] extracted roots having medium curvature.

Worldwide legislations are not prohibiting the reuse nor imposing the
single-use, with very few exceptions. Medicine and Health Care Regulatory
Agency in the United Kingdom have considered that an instrument used
in the root canal should not be reused on multiple patients, not even on the
same patient on a later occasion, and hence should be discarded [4]. The
Department of Health has critically evaluated the importance of a single-
use endodontic instrument during dental treatment, to supply the patients
with a safe and infection controlled environment [5]. There was obvious
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evidence that showed the risks associated with the reuse of endodontic
files, including secondary Transmissible Spongiform Encephalopathy
disease (TSEs) and improper debris control [6]. But besides these aspects,
it has also been shown that the use of endodontic file decontamination
and sterilization methods can play a role in the development of various
risks such as file fracture.

In modern dentistry, all clinicians should consider infection
control maintenance, as it cannot be dismissed [7]. Microorganism
has an obvious rule for developing infected necrotic pulp tissue which
was isolated from infected root canals [8]. Fusobacterium nucleatum,
Porphyromonas Gingivalis, and Streptococcus mutants are the most
common bacteria that were isolated from infected root canals [7].
Van Eldik [7] in his research done on stainless steel and NI-TT files,
demonstrated the effect of thermal steam sterilisation and mechanical
cleaning techniques on the microbial elimination. They concluded
that there were no bacteria detected on new files or following steam
sterilisation. On the other hand, the ultrasonic bath eliminated the
majority but not all of the bacteria. Assaf, Mellor, and Qualtrough
[9] illustrated that mechanically cleaning endodontic files by using
washer-disinfectant treatment can lead to incomplete organic debris
removal from endodontic files’s surfaces.

Aspects Related to Prion Disease

The prion proteins were discovered in 1982 as a fatal
neurodegenerative protein with different groups like PrP. This can
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cause scrape veterinary diseases and veterinary Creutzfeld-Jacob
Disease (vCJD) in humans [6,10]. Creutzfeld-Jacob Disease can be
transmitted by direct blood contact or transfusion [10]. The Prion
protein has a high resistance to many disinfectant and sterilisation
techniques such as chemical, thermal, ionizing radiation, and
ultraviolet decontamination resistance, with a high binding capacity
to metal surfaces, compromising the sterilisation process especially in
dried contaminated tissue on metal or glass surfaces [6,11,12].

The prion disease accumulates in the lymphoreticular tissue and
the nervous system. Early diagnosis of human prion disease can be
detected by lymphoreticular biopsy of tonsils, spleen, and lymph
nodes [13]. Few studies have linked re-used endodontic files with
transmissible spongiform encephalopathy (TSEs) which is a group
of brain and nervous system diseases in humans and animals that
can develop in the presence of prion prusiner protein. Although, no
obvious research stated that Creutzfeldt-Jakob Disease (vCJD) has
been transferred to humans during dental treatment [6] one of prion’s
possible way of transmission from the brain to the mouth tissues and
vice versa is assumed to be by means of prion protein accumulation
in the trigeminal ganglia of patients with this disease [14]. There
were four cases reported of possible transmission of CJD infection
by means of blood transfusions but no evidence so far that CJD is
contagious either by normal or sexual contact [15,16]. Even so, before
seeking any endodontic treatment, it is mandatory to obtain from all
patients appropriate family and medical history as well as sterilise the
endodontic files for optimal infection control [11,17].

Currently, in the United Kingdom, The Health Department has
considered root canal treatment files as single-used instruments and
should be segregated immediately after clinical use [4,18]. Dental
instruments (except files) used on patients with or “at increased
risk” of CJD can be handled in the same way as those used in any
other low-risk surgery, can be reprocessed according to best practice
and returned to use [4]. Other instrument types for which a reliable
cleaning regime is not available should also be considered single-
use types. Although the Department of Health UK guidelines does
not recommend any special protocols for prion decontamination,
an improved cleaning process along with multiple cycles of vacuum
steam sterilization procedure should be followed [19].

Aspects Related to Sterilization and Its Effect on the Rotary
Instruments

Endodontic Nickel-titanium (Ni-Ti) files were used for root canal
treatment for more than 25 years because of their flexibility, flexural,
and torsional resistance [20]. Many studies have been done observing
the effects of sterilization on these instruments’ properties. Some of
them found no significant effects [21]. Condorelli et al. [22] identified
the same type of increased resistance to cyclic fatigue, although the
thermal applications did not alter instrument surface morphology
but resulted in significant changes in the instrument bulk with the
appearance of an R-phase and improved fatigue resistance. Sonntag
and Peters [6] found a better fatigue life after five cycles of dry-heat
sterilization at 180°C.

Conversely, many studies found sterilization negatively impacting
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the file’s life span, features, characteristics, and properties [23-27].
Autoclaving and re-using of the endodontic files more than three
times can lead to a change in the physical properties of the alloy, like
blunt cutting edge, pitting chipping, and fritting [28]. Another study
has confirmed that multiple or a single autoclave cycle of endodontic
files can result in the file’s surface corrosion with a reduction of flexural
and torsional fatigue resistance [29].

Most of the studies proved that cyclic fatigue resistance decreased
and led to a high chance of file fracture especially when the root canal
curvature increased [25,26,27]..

Aspects Related to Corrosion and Its Effect on the Rotary
Instruments

Itis well documented that bacterial infection of the root canal is the
primary cause of apical periodontitis [8,30,31]. The apical periodontitis
is the result of bacterial invasion and consecutive colonization of the
entire endodontic system. Thus treatment has to be directed toward
the elimination of micro-organisms from within the endodontic
system and prevention of re-infection [31]. Therefore, chemo-
mechanical preparation of the root canal, which is a combination of
mechanical instrumentation and antibacterial irrigation, is the critical
stage in canal disinfection. These irrigants are also used to suspend
and rinse away debris created during instrumentation, dissolve the
organic tissue, or as a lubricant for instruments, to remove the smear
layer.

Since there is obvious evidence that autoclave and chemical
sterilisation technique goes the best hand in hand for re-used
dental files and burs, causing a 100% microbial elimination [32],
files corrosion has to be assessed as well. Rutala and Weber [33]
demonstrated the proper decontamination steps of endodontic files
with chemical agents by using Sodium hydroxide (NaOH) solution for
24 hours, 1 hour respectively, then using guanidine thiocyanate for 24
hours, 1 hour and 15 minutes respectively. Later on, they sterilised files
by autoclave at 134°C for 18 minutes. Also, a short decontamination
process by immersing the files with chlorhexidine solution, manual
cleaning then submersion in 1% NaOClI solution, ultrasonic cleaning,
and finally steam sterilising by autoclave was advocated [33].

It was shown that during extended periods in NaOCI solutions,
corrosion may be enhanced [34] or minimized depending on the pH
of the environment [35]. Though the impact of NaOCI did not show
any difference in the cutting efficiency or resistance to fracture of Ni-Ti
instruments [36,37], it did result in reduced resistance to cyclic fatigue
[38,39] and the presence of corrosion [6]. Further studies in which
the percentage of NaOCI was low (1%) showed no major impact on
Ni-Ti instruments; however, those that studied the impact of a 5%
solution noted significant changes [40]. Some studies showed that a
sterilization cycle along with immersion in NaOCI did not result in
any substantial instrument changes [41]. In Catania University of Italy
[42], the authors conducted a study to show the effect of treating files
with either 5% NaOClI, sterilisation or heat-sterilized Ni-Ti rotary files
or both and whether there was an effect on the cyclic fatigue resistance
[42] or not. They have collected 210 files, which were twisted files
(TF) (SybronEndo, Orange, CA) and Hyflex CM (Coltene Whaledent,
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Cuyahoga Falls, OH) files size 25/0.06. They were divided into 7
groups, the first group was not sterilised by autoclave or immersed
with NaOCl, group 2 and 3 did not autoclave files, but immersed them
with 5% of NaOCI once and three times respectively, Group 4 and 5
files were only autoclaved once and three times without immersion
into 5% NaOCI, while group 6 and 7 treated with both 5% NaOCI
and autoclave once and three times respectively. The files were then
tested using field-emission scanning electron microscopy and x-ray
energy-dispersive spectrometric (EDS) analysis to determine file
surface defects and fractures. TF showed lower fatigue resistance than
CM files group after 3 times autoclave sterilisation. EDS showed that
immersion of Hyflex CM files in 5 % NaOCI developed an oxide-rich
layer on the file’s external surfaces. EDS also showed that repeatedly
treating files with sterilisation or chemical cycles (NaOCl 5%) has no
morphological changes on the CM files surface apart from TF files
that have demonstrated low flexural resistance with an increased
chance of fracture.

Aspects Related to Mechanical Failure

“A material will fail by torsion when the ultimate shear strength is
exceeded” according to Walia [43]. Studies proved that an instrument
will fracture if its ultimate strength is exceeded [44-47] or if a fracture
line has extended to such an extent that the remaining intact cross-
section of the file is unable to bear the functional load [48] thus
complicating the whole treatment. Scanning electron microscopy
observations proved that instruments deteriorate while in use,
and develop defects and cracks on their surfaces inducing fracture
propagation [3,28,49,50]. Although new instruments can fracture at
their first canal use, those that are used for three or more canals may
have a higher susceptibility for fracture. Gambarini [51] demonstrated
that the used instruments had a lower resistance to fracture than new

ones.

There are 2 possible mechanisms of fracture described in the
literature:

a) Torsional or sheer fatigue. The fractographic image of shear
failure is very spectacular, showing the plastic deformation of
the flutes adjacent to the fracture site, along with concentric
circular markings at the periphery with a ‘fibrous” appearance
in the center. The fibrous region corresponds to the microscopic
dimples in high power, while the circular markings are due to
abrasion of the opposing surfaces on either side of the fracture
[52-56].

b) Cyclic fatigue. The term ‘cyclic fatigue’ has been used to
describe the breakage of Ni-Ti instruments after continuous
rotation in a curved canal. An instrument rotating with
curvature is effectively subjected to a completely reversed
cyclic loading at its surface. A form of fatigue loading, such
rotational bending has been implicated as the reason for
breakage of some 44-91% of Ni-Ti engine-files fractured
clinically [52,53,55,56].

It has been emphasised that there is no fracture caused by purely
one of the mechanisms, there is always a combined effect of the two.
Frequent reuse of endodontic files can lead to change in their physical
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properties and cause file fracture particularly in curved and calcified
canals [27]. Some reports found that the incidence of separation of
unused rotary Ni-Ti files is about 1% [57-62] while distortion was
noticed to occur in up to 60% of the instruments used [63], but it
is estimated that the incidence of instrument fracture in instruments
used multiple times varies between 0.39% and 21% [44,46,47,50,64-
66]. There are also reports that Ni-Ti engine-files may fracture without
any warning signs [53,54,57].

Conclusion

For the high standard of dental care, it is mandatory to segregate
single-use endodontic instruments like files and reamers according
to the department of health policy nevertheless, steam sterilisation
is essential to instruments that cannot be segregated like endodontic
rulers, dental hand instruments, rubber dam clamps or handpieces.
Furthermore, proper infection control and to obtain a healthy
environment for patients and dental staff. Ni-Ti files are the most
commonly used endodontic files in dentistry as they have a good
shape memory with low risk of fatigue, in addition to that they are
safe, easy to use, and discard [22]. The dental clinicians should have
full knowledge and appropriate diagnosis about prion disease, its
way of transmission, proper decontamination, and how to prevent
it even if there is no clear confirmation of its transmition by means
of dental procedures. The high binding capacity of Prion protein to
dental metal instrument surfaces can render disinfection very difficult
and challenging, hence sterilisation methods can be a very big task to
perform. Judging by mechanical point of view, the reuse of a rotary
file, no matter the alloy it's been made of and the stress it is capable
to bare, is risky and might jeopardise the treatment itself along with
its outcome. Using rotary files as single-use instruments can lead
to increased clinical confidence and a positive outcome of dental
treatment.
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