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Complications during root canal

irrigation
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Although endodontic irrigants are generally considered to be safe, severe complications can occur during or as

a consequence of root canal irrigation. However, no data on the incidence of irrigation incidents could be found.

In the following paper, a review is presented on the possible incidents that may occur during root canal irrigation

with different irrigation solutions, the sequelae, as well as prevention and therapy of such intra- and post-operative

problems.

Received 25 April 2008; accepted 7 August 2008.

Introduction

Root canal irrigation plays an important role in the
debridement and disinfection of the root canal system
and is an integral part of root canal preparation
procedures. The most frequently used irrigants in
contemporary endodontic treatment concepts are
sodium hypochlorite, hydrogen peroxide, the com-
bined use of both, chlorhexidine (CHX), citric acid,
iodine-potassium-iodide, alcohol, and EDTA solutions
(1, 2). More recently, several new solutions such as
bioglass, MTAD, deionized water, and some more have
been advocated for disinfection. Hydrogen peroxide
has been used in concentrations of 3-5%, and sodium
hypochlorite in concentrations of 0.5-5.25% (2, 3).
In a questionnaire study among Swiss general dental
practitioners (z=2091), 75% used hydrogen perox-
ide, 74.2% used sodium hypochlorite, 14.6% alcohol,
11.7% ringer’s solution or saline, and 14.6% other
irrigants (4). Among the latter were EDTA (5.7%) and
CHX (3.2%).

The endodontic literature on irrigation incidents
mainly comprises case reports on major incidents. No
definition of the term ‘irrigation incident’ has been
proposed so far and systematic data on the frequency of
such incidents are missing entirely. It may be supposed
that irrigation incidents occur not infrequently, espe-
cially minor incidents, without the necessity for

immediate intervention due to minimal exposure of
vital tissue to irrigants.

Irrigants

Sodium hypochlorite

Sodium hypochlorite is an alkaline irrigant with a pH
of approximately 11-12. It oxidates and hydrolyzes
proteins and causes hemolysis of red blood cells (5). It
has been demonstrated to be an effective agent against
a broad spectrum of bacteria and to dissolve vital as well
as necrotic tissue (6). The benefits of the good tissue-
dissolving and disinfecting capabilities of sodium
hypochlorite, due to the release of chloramine, have
been demonstrated in several investigations (6-14).
The concentration of the irrigant is still a matter of
debate and remains controversial; many authors rec-
ommend a 5.25% concentration of sodium hypochlor-
ite (3) while others prefer a lower concentration of 3%
oreven 0.5% (15, 16). It is recommended to use higher
volumes of low-concentrated NaOCI (i.e. 0.5-1%)
instead of highly concentrated solutions (5.25%) (17).

However, it has also been shown that sodium
hypochlorite has toxic effects on vital tissues, resulting
in hemolysis, skin ulceration, and necrosis (5). Several
studies have reported on increased tissue-dissolving
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capacity when the temperature of the solution is
increased (18-22). Sodium hypochlorite is corrosive
to metals and might exert some damage to preparation
instruments and rubber dam clamps (23).

Hydrogen peroxide

Hydrogen peroxide has been used as an endodontic
irrigant for a long period of time, mainly in concentra-
tions ranging between 3% and 5% (3, 24, 25). It is
active against bacteria, viruses, and yeasts. Hydroxy-free
radicals (*OH) destroy proteins and DNA. The tissue-
dissolving capacity of hydrogen peroxide is clearly lower
than that of sodium hypochlorite. When used in
combination with sodium hypochlorite, bubbling will
occur as a result of evaporating oxygen (26). Although
no longer recommended as a routine irrigant, its use is
still not uncommon in some countries.

EDTA

Chelating agents were introduced into endodontics in
1957 by Nygaard-stby as an aid for the preparation of
narrow and calcified root canals. A liquid solution of
EDTA was thought to chemically soften the root canal
dentine and dissolve the smear layer as well as to
increase dentine permeability. Massilamoni et al. (27)
reported that a 15% sodium-EDTA solution had toxic
effects én vitro. Complete prevention of cell growth
was detected after i vitro use of EDTA-T (28).
Additionally, 15% solutions of EDTA and EDTAC at
pH 7.3 have the potential to cause severe irritation
(29). These authors found that 15% and 17% EDTA
solutions and 2.25% NaOClI solutions produce severe
cytotoxic effects, while 1% solutions of both agents
evoked only moderate reactions. Comparing the
cytotoxicity of three irrigants, EDTA provoked more
cytotoxic effects than oxidative potential water or
NaOCl (30). EDTA is used intravenously in medicine
for chelation therapy in patients with cardiovascular
disease. EDTA can be regarded as a safe irrigant when
used adequately and carefully; no reports on adverse
effects during clinical use have been published so far.

Citric acid
The use of citric acid in concentrations between 1% and

50% has been suggested for the removal of the smear
layer instead of EDTA. Biocompatibility is reasonably
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good and no reports on negative side-effects or incidents
during its use in endodontics have been published. A 10—
25% citric acid solution showed good biocompatibility
with no reduction in cell viability (28, 31-33).

CHX

CHX, a synthetic cationic bis-guanide and one of the
most frequently used disinfectants, is used as gluconate
salt and shows good antibacterial, antifungal, and
antiviral properties. Its pH is 5-8. In low concentra-
tions, it acts bacteriostatically; in high concentrations,
bactericidally. CHX has no capability to dissolve vital or
necrotic tissue (34). In laboratory experiments, it has
been demonstrated that CHX is highly cytotoxic to
human periodontal ligament (PDL) cells and human
fibroblasts via inhibition of protein synthesis (35, 36).
The clinical relevance of these findings has yet to be
proven.

Iodine-potassium-iodide

Todine-potassium-iodide has been proposed and used
as an endodontic disinfectant due to its excellent
antibacterial properties and low cytotoxicity (15, 37,
38). It is used as a solution of 2% iodine in 4%
potassium-iodide and may act as a severe allergen and
also stain dentine (26).

Alcohol

Alcohol (95%) may be used to dry a root canal before
obturation in order to reduce surface tension and
facilitate adhesion of the obturation material to dentine
and penetration of sealer into dentinal tubules (39, 40).

MTAD

MTAD is a solution composed of citric acid, doxycy-
cline, and Tween 80, a detergent. It has been
introduced by Torabinejad et al. (41) and is marketed
as Biopure (Dentsply, Tulsa, OK, USA). In combina-
tion with 1.3% NaOCI, it has been shown to be helpful
in the removal of the smear layer and to have
antimicrobial efficacy. The cytotoxicity of MTAD i
vitro has been shown to be lower than eugenol, 3%
hydrogen peroxide, calcium hydroxide, 5.25% NaOCI,
CHX, and EDTA (42). In combination with 1.3%
NaOCl, it shows tissue-dissolving activity (26). Some
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concern has been expressed on the tetracycline con-
centration, which might favor tetracycline resistance of
intracanal bacteria (1, 26).

Incidents and problems due to root
canal irrigation

Several mishaps during root canal irrigation have been
described in the dental literature. These range from
damage to the patient’s clothing, splashing the irrigant
into the patient’s or operator’s eye, injection through
the apical foramen, air emphysema, and allergic
reactions to the irrigant, to inadvertent use of an
irrigant as an anesthetic solution. In discussing the
nature of such incidents and defining a preventive
strategy as well as therapy in these cases, physical,
mechanical, and anatomical aspects of such problems
should be considered.

Irrigation hydrodynamics, irrigation
pressure, and tissue pressure

Efficacy of root canal irrigation in terms of debris
removal and eradication of bacteria depends on several
factors: penetration depth of the needle, diameter of
the root canal, inner and outer diameter of the needle,
irrigation pressure, viscosity of the irrigant, velocity of
the irrigant at the needle tip, and type and orientation
of the bevel of the needle (43). Basically, the flow of an
irrigant through a needle is described by the Hagen—
Poiseuille law:

_ nrtAp
-~ 8ul
where /is the length of needle, p is the coefficient of

viscosity, Fis the volume of fluid flowing per unit time,
Ap is the pressure difference across the needle, and 7 is
the radius of needle.

It has to be considered that the size (and length) of
the irrigation needle — in relation to root canal
dimensions — is of utmost importance for the
effectiveness of irrigation and at the same time for the
irrigation pressure (43, 44), as indicated by the fourth
power of the radius. The effect of irrigation, i.e.
exchange of irrigant, is limited to a distance of
approximately 1 mm beyond the tip of the needle
(45, 46). Abou-Rass & Piccinino (47) and Druttman
& Stock (48) stressed the need to place the needle tip as
far apically as possible and achieved better results with a

30-gauge needle when compared with 23-gauge tips.
Ram (44) demonstrated the influence of root canal
diameter on the effectiveness of irrigation. Following
instrumentation to size 25, a radiopaque material
could not be flushed out sufficiently from the apical
part of the root canals with a 25-gauge needle, while
preparation to size 40 allowed complete removal in
cight out of 10 canals and preparation to size 60
achieved complete removal in five of five canals.
Especially for roots with higher degrees of curvature,
increased apical enlargement seems to be necessary to
achieve adequate delivery of the irrigant (49).

The external diameter is of relevance for the depth of
introduction into the root canal and for rigidity of the
tip, which is important for irrigation of curved canals.
The internal diameter determines the necessary pres-
sure for moving the syringe plunger and the velocity
with which the irrigant is extruded. Narrow needles
need more pressure onto the plunger and extrude the
irrigant with higher velocity than large needle sizes,
which otherwise extrude larger amounts of irrigants
but cannot be introduced as deep. Moser & Heuer
(50) measured the pressure necessary for activation of
the plunger in different sizes and types of irrigation
needles and found the lowest pressure for irrigation
with larger needle sizes (23-24 gauge) compared with
smaller sizes (24-30 gauge). However, larger needles
with greater distance to the apex are less efficient than
smaller needles with increased penetration depth (43).
Common injection needles have an external diameter
of'0.40 mm (27 gauge), but special irrigation tips with
external diameters of 0.30 mm (30 gauge) are avail-
able as well (Table 1). Boutsioukis et al. (51) also
reported an increased average and maximum irriga-
tion pressure with decreasing internal needle diameter
sizes. Intrabarrel pressure for finer needles in their
study rose up to 400-550kPa. With smaller dia-
meters, sodium chlorite crystals have demonstrated a
tendency to block the lumen of the needle, conse-
quently requiring an increased pressure (6, 50). To
improve safety of irrigation and prevent apical
extrusion of the irrigant, some of these needles release
the solution via lateral openings and have a closed,
safe-ended tip.

The Stropko Flexi-Tip (30 gauge) needle is fabri-
cated out of nickel-titanium (NiTi) to improve
penetration into curved root canals and has been
reported to exceed ISO limits for dimensions (52). It
has been shown that although standardized by ISO
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Table 1. Sizes and manufacturers of needles used for root canal irrigation

Germany

Manufacturer Product Gauge Outer diameter in mm
Dentsply Max-I-Probe 21-30 0.3;0.4;0.5; 0.6;0.7; 0.8
Ultradent, South NaviTip 29, 30 0.3;0.33
Jordan, UT, USA
NaviTip FX Tip (brush-covered 30 0.3
needle)
Capillary Tip 25,28 0.35; 0.5
Endo-Eze Tip/Deliver Eze 18, 19, 20, 22, 30, 31 0.25; 0.3; 0.7; 0.9; 1.06;
1.25
Endo-Eze Irrigator Tip/Deliver 27 0.4
Eze Spiilkaniile
KerrHawe, Bioggio, NaviTip 21-30
Switzerland
Hager & Werken, Miraject Endotec 21-25
Duisburg, Germany
Vista Dental Products Stropko Flexi-Tip (NiTi) 30
KerrHawe KerrHawe irrigation probe
Transcoject, Neumiinster, Spiilkaniilen Endo 23,25,27, 30 0.3;0.4;0.5; 0.6

specifications 9626:1991 and 962:1991 /Amd 1.2001,
the internal and external diameters of irrigation needles
show considerable deviations (52).

Salzgeber & Brilliant (53), in a study on 19 roots
with vital pulps and 19 roots with necrotic pulps,
investigated the hydrodynamics of irrigation. They
used a radiopaque solution comparable to sodium
hypochlorite in terms of viscosity, surface tension, and
specific gravity, with a 23-gauge irrigation needle
following enlargement to sizes 30, 35, and 45,
respectively. Extrusion of the radiopaque irrigant into
the periradicular tissue, verified by radiographs, oc-
curred in only two teeth with vital pulps following
preparation to size 45, which was attributed to obvious
mistakes in length determination. Extrusion already
occurred in three teeth with necrotic pulps after
preparation to size 35. The solution was distributed
over random portions of the rarefied areas, suggesting
a higher risk for apical extrusion in teeth/roots with
necrotic pulps. Mohorn et al. (54) measured a negative
pressure below atmospheric pressure at some time in
the periapical tissues of mongrel dogs following vital
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pulp extirpation, but could not obtain constant
results over the complete period of measurement.
However, it is well known that inflammation results in
increased tissue pressure, which in endodontics might
be expected in cases of apical periodontitis. Never-
theless, in cases of a vital as well as necrotic pulp, the
pressure at the periapex cannot be reliably determined
or prognosticated and a certain risk of apical extrusion
due to negative tissue pressure should be considered
in any case. There seems to be no reliable barrier
beyond the apical foramen preventing extrusion of
irrigant.

Pathways for extrusion of irrigants

The main pathways for extrusion of irrigants are the
apical foramen and iatrogenic perforations. The
diameter of lateral or furcational canals seems to be
small enough to exert sufficient resistance to irrigant
flow and prevent extrusion of a relevant amount of an
irrigant (Fig. la—c), although no evidence exists for this
assumption.



Complications duving canal irrigation

Fig. 1. (a) Longitudinal section of a root showing a large lateral canal in the apical third of the root. (b) SEM view of a
large lateral canal. (c) Magnification of (b) showing a large lateral canal. It seems questionable whether critical amounts
of irrigant may be extruded through such lateral canals. Courtesy of C. Kockapan.

Perforating resorptive defects of the root could also
present portals of exit (POE) for an irrigant and be a
cause for concern in the treatment of traumatized
teeth, but no such case has been reported in the
literature.

Lateral canals or branches represent POE of the root
canal system and it has been demonstrated that
frequently the size of these canals and branches allows
extrusion of root filling materials (mainly sealer) when
obturation is performed using thermoplastic filing
techniques. Nevertheless, only a minority of these
lateral canals is obturated (55). Lateral canals have also
been shown to be bacterial pathways in cases of lateral
lesions of endodontic origin or in combined endo-
perio lesions (56). Miyashita et al. (57) investigated the
internal anatomy of mandibular incisors and reported
that the majority of accessory canals or lateral branches
(81%) were smaller than or equal to an instrument size
15 and none exceeded size 30. In maxillary central
incisors, the same group described the size of the
majority of lateral canals (80%) to be size 10 or less;
only 3% were larger than size 40 (58). This is supported
by a study by Venturi et al. (59) demonstrating that
only a minority of these canals exceeds an internal
diameter size of 150 um. To estimate the risk of

extrusion of a liquid via any lateral canal, the length of
the canal also must be taken into consideration. It
scems unlikely that a lateral irrigation pressure high
enough to press an irrigant through narrow (and more
or less long) tubes such as lateral canals may occur. The
situation during irrigation is not comparable to that
during thermoplastic obturation: in the latter prepara-
tion, form and obturation instruments are selected
intentionally to create hydraulic pressure in a vertical
and a lateral direction. Nevertheless, extrusion of
minor amounts of irrigant vial lateral (or furcational)
canals cannot be excluded completely, although no
clinical case has thus far been reported.

Apical extrusion during root canal
preparation

Apical extrusion of material (including dentine chips,
tissue remnants, and irrigant) caused by movement of
instruments in an apical direction, instruments acting
as a plunger, or by irrigation should be expected during
any endodontic treatment. The only way to prevent
such extrusion would be a non-desirable iatrogenic
blockage of the apical foramen. Finally, endodontic
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treatment will always be a balance between blockage
and some degree of extrusion of debris including
irrigant. The amount of extruded material as measured
in several different iz vitro experiments varies con-
siderably and has been shown to depend on the
preparation technique. Fairbourn et al. (60) described
the lowest amount of extrusion for a sonic preparation
technique followed by a cervical flaring technique,
ultrasonic technique, and conventional preparation. In
resin blocks, step-back preparation produced more
extrusion than crown-down-pressureless instrumenta-
tion, but no technique could completely prevent apical
extrusion (61). The mean amounts of extruded debris
varied between 0.12 mg (sonic instrumentation) and
0.30mg (conventional technique) and were not
significantly different. Martin & Cunningham (62)
detected less extrusion for an ultrasonic preparation
technique (0.22 mg) than for a manual preparation
(0.53 mg). When protruding instruments beyond the
foramen, ultrasonic preparation produced 0.87 mgand
hand preparation 1.39 mg of extruded debris. McKen-
dry (63) found significantly less debris following
balanced-force preparation (mean 0.24 mg) compared
with ultrasonic (0.42mg) or step-back preparation
(0.45 mg). Myers & Montgomery (64) found more
extruded debris following preparation to the apical
foramen (mean: 0.78-1.58 mg), whereas preparation
1 mm short of the foramen resulted in less extrusion
(mean: 0.22mg) but in frequent apical plugging.
Comparing eight manual preparation techniques,
AlOmari & Dummer (65) measured 0.47-0.72 mg
extruded debris. In a study by Tanalp et al. (66)
comparing three rotary NiTi systems, ProTaper pushed
more debris (1.5mg) through the foramen than
ProFile (0.56mg) or HERO Shapers (0.94 mg).
According to Ferraz et al. (67) rotary preparation
using NiTi instruments produced less extruded debris
than manual instrumentation (hybrid technique:
0.46 mg, balanced-force: 0.25mg, Quantec 2000:
0.188 mg, ProFile .04: 0.177 mg, Pow-R: 0.18 mg).
Beeson et al. (68) compared conventional filing to
rotary preparation using ProFile .04 instruments to the
foramen and 1 mm short. When instrumenting to the
foramen they measured 1.6 mg extruded debris for
manual preparation and 0.47 mg for ProFile and when
staying 1 mm short of the foramen, 0.35mg for
manual, and 0.03 mg for rotary preparation. Zarrabi
et al. (69) reported 0.2-0.5 mg extruded material for
FlexMaster, Race, and ProFile rotary preparation but
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2.1 mg for manual instrumentation. The amount of
extruded irrigant was significantly higher when filing
was undertaken to the foramen. In most of the cited
studies (60, 63, 64) debris was dried and desiccated
before measurements so that the weight of the
extruded irrigant was not included in the data; never-
theless the extrusion of large amounts of irrigant was
noted.

Apical extrusion of irrigant

Although there are several studies on the amount of
apically extruded debris during root canal preparation
(Table 2), there are few data on the amount of apically
extruded irrigant.

In an ¢z vitrostudy in 153 extracted single root teeth,
the apical extrusion of irrigant was evaluated. The root
canals were prepared using the balanced-force tech-
nique, keeping the foramen patent by the use of a size
10 file and irrigated with 2.5% sodium hypochlorite. In
one group, the needle was inserted to maximum depth
and withdrawn 1 mm (deep irrigation group); in the
second group, only the pulp chamber was flooded with
the irrigant, which was transported into the root canal
during instrumentation (reservoir group). The volume
of apically extruded irrigant was measured using
emission spectrophotometry calculating the concen-
tration of sodium present in the extruded and collected
debris. It was demonstrated that the amount of
extruded irrigant was significantly larger in the deep
irrigation group than for the reservoir group. It may
be interesting to know that the absolute mean volumes
of extruded irrigant were 1.68 mL (group I), and
0.98 mL (group II), respectively (70), but it should be
noticed that no periapical tissue pressure was simu-
lated, so that the results cannot be directly extrapolated
to the clinical situation.

In a study by Ferraz et al. (67), the amount of
extruded irrigant was determined following rotary
preparation using NiTi instruments. The results were
hybrid technique: 0.55 mL, balanced-force: 0.32 mL,
Quantec 2000: 0.20 mL, ProFile .04: 0.45 mL, Pow-
R: 0.26 mL. Hinrichs et al. (71) found a positive
correlation between the amount of extruded debris and
the amount of extruded irrigant. Foramen size in that
study did not affect the amount of extruded material.
The mean values for extruded debris ranged from
1.1 to 1.5 mg; the amount of collected irrigant ranged
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Table 2. Amounts of extruded debris and irrigant as reported in experimental ¢z vitro studies
Techniques/ Working Mean extrusion Apical
Authors References Year instruments length Debris Irrigant plug+H26
Martin & (62) 1982 Manual 1 mm short 0.53mg Desiccated
Cunningham
Protruding 1.39 mg
Ultrasonics 1 mm short 0.22 mg
Protruding 0.87 mg
Fairbourn (60) 1987 Sonic 1 mm short 0.12mg Desiccated
etal.
Cervical flaring 0.18 mg
Ultrasonic 0.2mg
Conventional filing 0.3mg
McKendry (63) 1990 Balanced-force 1 mm short 0.25mg Desiccated
Endosonic 0.60 mg
Step-back filing 0.46 mg
Myers and (64) 1991 Filing 1 mm short 0.22mg Desiccated 16 plugs
Montgomery
Filing To foramen 1.58 mg 3 plugs
Canal Master To foramen 0.78 mg 1 plug
Brown et al. (70) 1995 Balanced-force 1 mm short
Deep irrigation 1.68 mL
Coronal irrigation 0.98 mL
AlOmari & (65) 1995 Standardized pre- 1 mm short 0.47 mg Desiccated 1 blockage
Dummer paration
Step-back+reaming 0.48 mg 1 blockage
Step-back+circumtf. 0.72 mg 16 blockages
filing
Step-back+anticurv. 0.69 mg 19 blockages
filing
Double-flare 0.61 mg 11 blockages
Stepdown 0.48 mg 2 blockages
Crown-down pres- 0.46 mg 1 blockage
sureless
Balanced-force 0.38 mg No blockage
Williams et al. (75) 1995 Needle tip 2-3 mm 2.35g Desiccated Primary teeth
from foramen
Needle tip 6-7 mm 1.76¢g
from foramen
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Table 2. Continued

Techniques/ Working Mean extrusion Apical
Authors References Year instruments length Debris Irrigant plug+H26
Inverted needle 2— 1.63g
3 mm from foramen
Ultrasonic tip 2— 021g
3 mm from foramen
Ultrasonic tip 6— 0.08g
7 mm from foramen
Beeson et al. (68) 1998 Filing To foramen 1.65 mg 0.35mg 4 plugs
1 mm short 0.35mg 0.14 mg 15 plugs
ProFile .04 series 29 To foramen 0.47 mg 0.59 mg 2 plugs
1 mm short 0.03mg 0.18 mg 9 plugs
Hinrichs (71) 1998 LightSpeed 0.5-1 mm short 1.5mg 18g
etal.
ProFile .04 Patency 1.1 mg 2.6g
technique
NT McXim 1.2mg 3.0g
Flex-R SS 1.2 mg 19g
Ferraz et al. (67) 2001 Hybrid 1 mm short 0.47 mg 0.55mL
Balanced-force 0.25mg 0.32mL
Quantec 2000 0.19mg 0.20mL
ProFile .04 0.18 mg 0.45mL
Pow-R 0.19mg 0.26 mL
Lambrianidis (72) 2001 Conventional step- 1 mm short Desiccated
etal. back
Constriction intact 040g
Constriction en- 0.02g
larged
Tanalp et al. (66) 2006 ProTaper 1 mm short 1.53mg Desiccated
HERO shaper 0.94 mg
ProFile 0.56mg
Zarrabi et al. (69) 2006 Step-back manual 0.5 mm short 2.1mg Desiccated
ProFile 0.3mg
RaCe 0.2mg
FlexMaster 0.5mg
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from 1.8 to 3.0 g. In contrast, Myers & Montgomery
(64) did not find such a correlation.

Beeson et al. (68) measured 0.35mg extruded
irrigant for manual preparation and 0.59 mg for
Profile, respectively, when instrumenting to the fora-
men and 0.14 and 0.18 mg, respectively, when staying
1 mm short of the foramen. The amount of extruded
irrigant was significantly higher when filing was
undertaken to the foramen.

Lambrianidis et al. (72) reported that the amount of
extruded debris (i.e. dentine shavings, tissue remnants,
and irrigant) was significantly greater when the size of
the apical constriction remained intact compared with
enlargement of the foramen. Thirty-three human
maxillary incisors were prepared and irrigated with
1% NaOCI and the amount of extruded material
collected in a vial and measured. Following this the
foramen was intentionally enlarged and a new con-
striction prepared using a step-back technique. Again
the extruded material was measured; no distinction
between debris and irrigant was made. No patency file
was used with either technique. The authors assume
the reason for this result to be an apical plug of dentine
and tissue remnants created during the first phase of
the study, which prevented apical extrusion following
enlargement of the foramen. The results of that study
obviously cannot be transferred to preparation using a
patency concept with penetration of an instrument
through the apical constriction. The results of the
study also may be interpreted to mean that attention
should be paid to the geometry of the (apical) part of
the root canal as this geometry (taper, ledges, irregular
narrowing) may influence the hydrodynamics of the
irrigant. If apical extrusion of debris occurs during
preparation of infected root canals, viable bacteria are
also extruded (73).

Salzgeber & Brilliant (53) could demonstrate that
vital tissue (and probably tissue remnants in lateral
canals) prevented the apical extrusion of an irrigant
whereas in cases of necrotic tissue the irrigant was
extruded into the lesion.

The amount of extruded irrigant was higher when
apical patency was larger (0.4 mm compared with
0.2 mm); no difference was found between manual and
rotary preparation (74). In primary teeth with open
apices, less extrusion of irrigant occurred with an
endosonic unit than with hand irrigation (75).

Kustarci et al. (76) compared the amount of apically
extruded debris and irrigant following the use of

various manual and rotary instrumentation techniques
in vitro. While no significant difference was detected
for debris extrusion, the K3 NiTi instruments forced
significantly less irrigant through the foramen than
manual instrumentation. In general, engine-driven
NiTi instruments produced less extrusion of debris
and irrigant, although differences were not significant
(76).

In a recent in vitro study it was shown that the
amount of apically extruded irrigants during the use of
Er:YAG and Er,Cr:YSGG pulsed lasers is higher than
during the use of Max-I-Probe (Dentsply, Konstanz,
Germany) irrigation needles and manual irrigation
(77).

Summarizing, the cited studies demonstrate that
apical extrusion of debris and irrigant should be
expected during endodontic treatment, although the
amount of extruded material may vary considerably.

Anatomical relations

Most frequently the anatomical structures surrounding
the tooth and the root such as PDL, mandibulary and
maxillary bone, maxillary sinus, and N. mandibularis
are involved in complications during root canal
irrigation, but in some cases even more distant
structures such as intraoral soft tissues, throat, skin,
eyes, or airways may be compromised inadvertently by
irrigants.

Maxillary sinus

The close relationship of the maxillary sinus to the
roots of maxillary teeth has been well documented in
the dental literature (for a review of the aspects with
contributions to endodontics, see Hauman et al. (78)).
Inflammation and infection may spread from the root
canal to the sinus (79) and a maxillary sinusitis not
infrequently develops symptoms similar to an acute
pulpitis. With regard to these anatomical and patho-
logical relationships, Selden (80) created the term
‘endo-antral-syndrome.’

The maxillary sinus is a pneumatized cave that is lined
by a respiratory mucosal membrane in close proximity
to the root tips of the maxillary posterior teeth. In 50%
of people, the floor of the sinus expands into the
alveolar process of the maxilla. The root apices, mainly
the second premolar and the first and second molar but
sometimes even the first premolar and the canine, may
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extend into the sinus or be clearly separated from the
sinus by bone. In elderly people, the bony lamella
between root tips and sinus may become rather thin, or
sometimes even non-existent, leaving only a thin sinus
membrane. The exact anatomical relationship in many
cases is difficult, if not impossible, to estimate from
conventional radiographs (periapical or panoramic
radiographs); modern computed tomographic (CT)
scans Or magnetic resonance imaging seem better
suited for that purpose.

A CT investigation on the relationship between the
apices of the maxillary posterior teeth and the sinus
floor revealed that the mesio-buccal root of the first
molar showed the shortest distance to the sinus (mean
distance 0.83 mm), followed by the palatal root of the
first molar (1.56 mm), the palatal root of the second
molar (2.04 mm), and the disto-buccal root of the
second molar (2.79 mm). The buccal root tip of the
first premolar (6.18 mm) and the palatal root tip of
the first premolar (7.05mm) showed the largest
distance (81). In a CT study, the floor of the maxillary
sinus was observed most frequently at a level between
the bifurcation and the apices of the first and second
maxillary molar. In patients with infections, a mucosal
thickening of the maxillary sinus was found in 88% of
the cases (79).

Periapical pathosis may result in destruction of the
bone between root tip and sinus floor (80, 82,83). Ina
Hungarian Dental Clinic, Pataky et al. (84) conducted
a radiographic survey of complications to the maxillary
sinus through endodontic treatment on 427 upper
molars and 1640 upper premolars that had been
endodontically treated. In 29% of the cases (209 out
of 2067 teeth), they detected sinus complications; in
34 cases, filling or chemical materials were identified as
the origin.

Case reports

e Following inadvertent injection of 5.25% NaOCI
via the palatal root canal of a maxillary first molar
into the maxillary sinus, Ehrich et al. (85) reported
that the patient only complained of a taste of
sodium hypochlorite; no pain or signs of edema or
hemorrhage were noted. The sinus was irrigated via
the palatal root canal with 30 mL of sterile water
and the patient was prescribed antibiotics. Except
for a slight soreness of the tooth, the patient
reported no symptoms the following day and 4 days
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later he was completely asymptomatic. The root
canals were obturated 4 weeks later.

o Kavanagh & Taylor (86) presented a case of
inadvertent injection of sodium hypochlorite into
the maxillary sinus. Following irrigation of a
maxillary second right premolar with approxi-
mately 5-10 mL of sodium hypochlorite with an
unknown concentration, the patient experienced
acute, severe facial pain and swelling and was
immediately referred to the Dental Clinics. Occi-
pito-mental radiographs demonstrated an air fluid
level in the right maxillary sinus. The patient was
administered antibiotics. As drainage through the
root canal could not be obtained, the antrum was
drained surgically under general anesthesia. Three
weeks later most of the symptoms had resolved and
only the premolar presented with localized discom-
fort; this led to the decision to extract the tooth.
Further healing was uneventful and complete.

A survey on irrigation incidents involving the maxillary

sinus is presented in Table 3.

Nerve injury

Apical extrusion of root canal filling materials may
result in severe damage to the mandibular nerve such as
temporary or permanent anesthesia, hypesthesia, par-
esthesia, or in rare cases a hyperesthesia (87). The
highest risk of iatrogenic nerve damage exists during
endodontic treatment of second mandibular molars. In
a retrospective analysis of 24 cases of overfill of
obturation materials in the second premolars and
second molars, paresthesia of the lip occurred more
frequently than in other posterior teeth (87).

Denio et al. (88) investigated the location of the
inferior alveolar nerve in 22 human cadavers. The mean
distance between the mandibular nerve and the root
tips was 3.7 mm for the second mandibular molar,
6.9 mm for the mesial root of the first molar, and
4.7 mm for the second premolar. Littner et al. (89)
radiographically investigated the relationship of the
mandibular canal to the adjacent molar root apices in
46 mandibular skulls. The distance between the
inferior alveolar nerve to the root tips increased from
the third molar to the first molar. The shortest distance
was 3.45mm for the distal root of the second
mandibular molar; the longest distance was 5.47 mm
for the mesial roots of the first molars.
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Table 3. Case reports from the endodontic literature reporting involvement of the maxillary sinus
Duration of ~ Further
Authors References  Year Irrigant  Tooth Symptoms Treatment symptoms treatment
Becking (99) 1991 NaOCl 27 Pain, irritation Analgesics 2 weeks Not
behind and below reported
eye, swelling
Ehrich etal.  (85) 1993 NaOCl 16 Asymptomatic Antibiotics 4 days RCT
5.25%
Palatal No further treat-
root canal ment necessary
Kavanagh &  (86) 1998 NaOCl 15 Pain, swelling Surgical drain of > 30 days Extraction
Taylor sinus, antibiotics

In a retrospective evaluation of iatrogenic injuries of
the trigeminal nerve, Hillerup (90) listed 10 cases (2%)
that were due to endodontic treatment among 449
such incidents. In all cases, the inferior alveolar nerve
was affected; no details are presented on the direct
cause of the injury. Although several reports have been
published on nerve damage following over-extension
of obturation material, overinstrumentation, periapical
inflammation, endo-perio-lesions, or temporary med-
ication (87, 91-94), no report on mandibular nerve
damage by root canal irrigants could be found for the
present review. In some cases, peripheral neurological
symptoms have been reported after irrigation mishaps
(95-98). Rowe (91) reported on one incidence with
paresthesia of the lower lip after use of a liquid filling
material containing parachlorphenol, camphor, and
menthol in a second left mandibular bicuspid, but
could not rule out that symptoms were due to
overinstrumentation.

Becking (99) described two cases with temporary
anesthesia and paresthesia of the mental nerve.
Additionally, formocresol, applied with a cotton pellet,
has caused paresthesia of the lower lip and chin.
Paresthesia of the lower lip has also been reported by
Hiilsmann & Hahn (96) (Fig. 2a—c).

No explanation could be found in the literature
regarding the difference in frequency of neurological
complications due to overfilling of solid materials and
liquids as used for irrigation. Although still speculative,
the major reason should be the differing hydrody-
namics between solids and liquids. Irrigation pressure
may be smaller than compaction pressure; a liquid may
distribute — even into a lateral direction —into the small
structures of cancellous bone with the pressure rapidly

Fig.2. (a) Massive swelling of the lower lip and right
cheek region after injection of sodium hypochlorite and
hydrogen peroxide through a perforation in a
mandibular right cuspid. (b) One week after the
incident, an ulcer in the lower lip developed. The
patient reported paresthesia of the right lower lip. (c)
Four weeks later swelling has not resolved completely.
One year after the injury, the patient still complaints of a
slight hypesthesia of the lower lip.

decreasing whereas a solid substance with larger
particle size more likely will be pressed with only
slowly decreasing pressure straightforward toward the
mandibular nerve canal.

Case reports

The above-mentioned case reports include:

e Daresthesia of the right side of the lower lip for
more than 1 year following extrusion of sodium
hypochlorite through a perforation in a mandibular
right canine (96) (Fig. 2a—c).
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e Paresthesia of the upper lip, the nasal floor, and the
ala of the nose for 15 months following injection of
1-2 mL of 1% sodium hypochlorite through a mid-
root perforation in a maxillary central incisor in a
44-year-old male patient (95). Further treatment of
the tooth was performed surgically with a retro-
grade amalgam filling.

e Lip paresthesia and facial weakness over 6 months
after endodontic treatment of a maxillary right
lateral incisor with apical periodontitis and a
draining sinus tract after irrigation with sodium
hypochlorite of unknown concentration (98).
Following the typical symptoms of sodium hypo-
chlorite extrusion such as pain, swelling, and
ecchymosis, an altered sensation in the distribution
of the right infra-orbital nerve was reported as well
as weakness of the buccal branch of the facial nerve
with resulting functional problems. The right
corner of the patient’s mouth was pulled down as
the lower lip muscles were not sufficiently opposed
by the upper mouth musculature.

e During endodontic treatment of the second right
macxillary premolar in a 44-year-old female patient,
sodium hypochlorite of unknown volume and
concentration was inadvertently pressed through
the apical foramen. The patient experienced the
typical symptoms but additionally loss of sensation
in the right infra-orbital nerve and weakness of the
buccal branch of the facial nerve were noted, which
resulted in a dropping of the right corner of the
patient’s mouth. Facial weakness and paresthesia
completely resolved after 3 months. Treatment of
the last two cases included intravenous application
of dexamethasone (8 mg thrice a day for 2 days) and
amoxicilline (1.0g thrice a day) and an oral
analgesics (diclofenac, 50 mg thrice a day for 2
days) (98).

e Becking (99) presented two cases of damage of the
mental nerve following apical extrusion of NaOCI
with unknown concentration through a perforation
in a lower left second molar and through the apical
foramen in a mandibular left second premolar. In
both cases, complete healing of anesthesia and
paresthesia were reported after 1-2 months.

The authors of the latter cases presume that apical
periodontitis with resulting bone destruction should
be considered one important factor in the genesis of
the described incidents. Additionally, increased irriga-
tion pressure cannot be ruled out as a co-factor.
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Injection of sodium hypochlorite beyond the
apical foramen

According to Mehdipour et al. (100), 23 cases of
NaOCl incidents have been reported in the dental
literature, the majority on apical over-extrusion (95—
99, 101-116). A survey of some of the published cases
is presented in Table 4; clinical cases are documented
in Figs. 3-5.

Inadvertent injection of sodium hypochlorite beyond
the apical foramen may occur in teeth with wide apical
foramina or when the apical constriction has been
destroyed during root canal preparation or by resorp-
tion. Additionally, extreme pressure during irrigation
or binding of the irrigation needle tip in the root canal
with no release for the irrigant to leave the root canal
coronally may result in contact of large volumes of the
irrigant with the apical tissues. If this occurs, the
excellent tissue-dissolving capability of sodium hypo-
chlorite will lead to tissue necrosis. A similar situation
may occur following iatrogenic perforation of the root,
and in cases of horizontal root fracture or perforating
resorption (116, 117) (Table 4) (Fig. 6).

It should be noted that in a preliminary study on
beagle dogs, atypical apical lesions as a short-term
response to endodontic instrumentation have been
described. The lesions were related to the apical
foramina and characterized by total cellular destruc-
tion. Although the exact etiology of these lesions could
not be definitely determined, the authors presume
these lesions to be a reaction to the 2.5% sodium
hypochlorite (118) that had been used.

Several case reports have described the symptoma-
tology of sodium hypochlorite when injected into the
periapical and periradicular tissues. The main symp-
toms and treatment considerations in cases of per-
iapical sodium hypochlorite injection are summarized
in Table 5 (96, 119, 120).

Case reports

o After wedging the irrigation needle in the root
canal, 5.25% sodium hypochlorite was forced
beyond the apex of a maxillary right cuspid, which
led to immediate strong reactions with extreme
pain (101). Within a few seconds, the patient’s
cheek and upper lip showed signs of hematoma and
ecchymosis inferior to the right zygoma and
profuse hemorrhage from the root canal. Wet
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(d)

Fig.5. (a) Swelling and extraoral ecchymosis following
inadvertent extrusion of sodium hypochlorite (3%)
through the apical foramen of a maxillary left cuspid.
(b) Large intraoral ecchymosis extending to the left
cheek. (c) Four weeks later, swelling and ecchymosis had
Fig.3. (a) Apical extrusion of 5% NaOCl during resolved and root canal treatment could be completed.
irrigation of tooth 25 resulted in immediate pain and
hemorrhage. Swelling of the upper lip and left cheek
developed as well as paresthesia. (b) Profuse bleeding
from the root canals. (c) Symptoms resolved after
4 weeks; only slight paresthesia in the dotted region
remained. Root canal treatment could be completed.
(d) Radiograph following obturation of tooth 25. Case
courtesy of Dr. Hager.

Fig. 6. Extrusion of 2% NaOCI through a perforation in
tooth 21 with resulting severe pain and edema of the
upper lip. One week later swelling had resolved. Case
courtesy of Dr. Versiimer.

compresses continuously applied to the face re-
lieved the pain and the burning sensation felt by the
patient. The patient was prescribed antibiotics and
analgesics, and the root canal was left open for

drainage. Although the swelling increased during

. . . . the next few hours, the pain diminished. The
Fig. 4. Severe swelling and ecchymosis extending down

to the patient’s chest following apical extrusion of 5% i ) -
sodium hypochlorite during root canal treatment of with hot compresses to stimulate local systemic

tooth 35. Case courtesy of Dr. Gehrig. circulation. One month after the incident, the

patient was advised to replace the cold compresses
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Table 5. Symptomatology and recommended ther-
apy in cases of extrusion of NaOCIl into the
periradicular tissues (96,119,120)

Symptomatology

Immediate severe pain attack

Immediate edema of neighboring soft tissues

Possible extension of edema over the injured side of the face,
upper lip, infra-orbital region

Profuse bleeding from the root canal

Profuse interstitial bleeding with hemorrhage of the skin and
mucosa (ecchymosis)

Chlorine taste and irritation of the throat after injection into
the maxillary sinus

Secondary infection possible

Reversible anesthesia or paresthesia possible

Thevapy

Patient information on reason, kind, and severity of
complication

Pain control: local anesthesia, analgesics

In severe cases: referral to a hospital

Extraoral cold compresses for reduction of swelling

After 1 day: warm compresses and frequent warm mouth
rinses for stimulation of local systemic circulation

Daily recall for control of recovery

Antibiotics: not obligatory! Only in cases of high risk or
evidence of secondary infection

Antihistamine: not obligatory!

Corticosteroids: discussed controversy

Further endodontic therapy with sterile saline or chlorhex-
idine as root canal irrigants in most cases possible

patient’s face had returned to normal and root canal
therapy could be completed.

e After iatrogenic perforation of the root canal of a
lateral maxillary incisor, a 3% NaOCI solution was
injected beyond the apex (121). The patient
experienced ‘heavy’ spontaneous pain followed by
arapid swelling of the left cheek. Eight days later an
abscess had developed, probably due to the spread
of infected material from the root canal into the

42

periapical tissue; this had to be treated surgically.
Large amounts of pus and necrotic tissue were
found. Four years later, the patient still reported
hypesthesia and extreme sensitivity to cold tem-
peratures.

In a case presented by Neaverth & Swindle (103),
extrusion of 2.5% NaOCI through a perforated
maxillary incisor resulted in severe pain and
swelling over the left side of the face extending
from the infra-orbital rim to the upper lip.

Reeh & Messer (95) reported on a case of injection
of sodium hypochlorite (1%) through a mid-root
perforation of a maxillary central incisor. The
patient experienced the typical symptoms of im-
mediate severe pain and swelling, followed by
fistulation and erythema extending to the infra-
orbital area. Paresthesia of the floor and ala of the
patient’s nose persisted for more than 15 months.
In a case report presented by Sabala & Powell
(104), 5.25% sodium hypochlorite was injected
into the periapical tissues of a left maxillary second
premolar. The patient experienced symptoms of
sudden, severe pain and rapidly developing swel-
ling, followed by ecchymosis of the skin. Root canal
treatment was completed at the same appointment.
To prevent secondary infection, antibiotics were
prescribed and a surgical drainage performed. Nine
days later the symptoms had resolved.

Following injection of 5.25% NaOCl during
endodontic treatment of a right maxillary central
incisor, Gatot et al. (102) reported that the patient
immediately experienced severe pain and marked
edema developed extending from the lip to the
right eye. The patient received hydrocortisone
intravenously and penicillin. Thirty-six hours later
there was a large ecchymosis under the right orbit
and diffuse ecchymosis over the upper lip as well as
epithelial necrosis. Surgical debridement with
excision of a large amount of necrotic tissue had
to be performed under general anesthesia. Healing
took more than 2 weeks, leaving a scar on the right
cheek and right infra-orbital nerve anesthesia.

In a similar case, over-extrusion of NaOCl occurred
during endodontic treatment of a primary maxillary
canine in a 51-year-old woman. Following a sudden
onset of severe pain, a heavy swelling of the left side
of her face appeared including hematoma forma-
tion and heavy bilateral circumorbital ecchymato-
sis. Despite antibiotic treatment, the symptoms
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increased and the patient had to be hospitalized.
The hematoma was incised surgically and the
necrotic tissue was removed. Five weeks later the
symptoms had disappeared completely (105).
Becking (99) presented three cases of sodium
hypochlorite injection into the periapical soft
tissues. In the first case, NaOCIl of unknown
concentration was extruded through the apical
foramen of a mandibular left second molar with a
perforation at the cemento-enamel junction, re-
sulting in a progressive swelling of the left side of
the mandible extending to the patient’s neck. After
1 day, necrosis of the mucosa and anesthesia of the
mental nerve was apparent. Under antibiotic and
analgesic therapy, pain and swelling diminished
after 5 days, paresthesia of the nerve resolved after
10 days, and healing of the mucosa took 2 months.
In the second case, NaOCI of unknown concentra-
tion was injected into the periapical tissues of a left
maxillary second molar causing irritation behind
and below the patient’s left eye and severe pain in
the left cheek, eye, and temporal region. Additionally,
the patient reported a chlorine taste and irritation
of the throat. It was presumed that the irrigant had
been pressed into the maxillary sinus. In this case,
no antibiotics were given, only analgesics; the
symptoms resolved completely within 2 weeks. In
the third case, apical over-extrusion of NaOCI
occurred during root canal preparation of a
mandibular left second premolar, resulting in severe
pain, swelling, and anesthesia of the mental nerve.
Again, no antibiotics were initially prescribed. Four
days later, necrosis and infection became evident
and antibiotic therapy was initiated. Resolution of
pain and swelling took 1 month; anesthesia turned
into hyperesthesia, which slowly resolved.

Linn & Messer (106) reported a case of injection of
1% NaOCI through a mid-root perforation of a
maxillary canine. Severe pain and facial swelling
involving lip and eyelid occurred as well as an
increasing ulceration (diameter 12 mm) of the oral
aspect of the lip.

Schwerin & Gerlach (107) described a case of
sodium hypochlorite extrusion through a perfora-
tion in a maxillary central incisor. Following initial
severe pain, an immediate swelling of the patient’s
upper lip and cheeks accompanied by severe
ecchymosis of the complete upper lip region
appeared. The patient was prescribed antibiotics

and advised to cool the swelling. Two weeks later,
the swelling had completely resolved and the tooth
was treated by apicectomy and surgical closure of
the perforation.

e Sennhenn-Kirchner & Hiilsmann (116) presented
a case of extrusion of sodium hypochlorite through
a buccal perforation in a maxillary incisor. As the
patient had an anamnesis of several allergies, she
was first referred to a physician, followed by
hospitalization in a surgical hospital as an anaphy-
lactic reaction to the local anesthetics or the irrigant
were supposed. Following consultation of a neu-
rologist and a dermatologist, finally a dentist and an
oral surgeon were contacted. Six weeks after the
incident, the patient still complained of slight
ecchymosis and hypesthesia as well as an ulcer of
the upper lip (Fig. 7a-d).

It should be noted that in the majority of published

cases, root canal treatment could be completed without

the need for surgical intervention such as apicectomy

or extraction.

Injection of hydrogen peroxide beyond the
apex

Incidents due to apical or lateral extrusion of hydrogen
peroxide seem to appear less frequently as in the past
due to the decreasing popularity of that solution for
irrigation purposes. Nevertheless, a number of case
reports can be found in the literature (Table 6). The
symptomatology of such type of incident seems to be
similar in most cases: sudden and severe pain, swelling
and emphysema, and crepitus. It is reccommended that
analgesics and antibiotics be prescribed. In most cases,
further intervention seems unnecessary and swelling
will subside in a few days (Figs. 8 and 9). In severe cases
hospitalization is necessary.

Case reports

e As a result of insufficient access and a lateral root
perforation of a right maxillary central incisor, Bhat
(108) reported that hydrogen peroxide of un-
known concentration was injected into the soft
tissues. As treatment was performed under local
anesthesia, the patient experienced no pain but
complained of the rapid development of upper lip
swelling and some difficulty in breathing. The root
canal was left open and the patient was prescribed
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Fig.7. (a) Swelling of the patient’s lip following extrusion of sodium hypochlorite through a perforation of the root of
the first right maxillary incisor. (b) Ulcer at the inner side of the upper lip 6 weeks after the incident. (c) Radiograph of
the maxillary right first incisor. (d) The instrument extends through the buccal perforation of the root. Case courtesy of

Dr. Sennhenn-Kirchner.

antibiotics and instructed to apply cold packs. The
emphysema, caused by oxygen liberated from the
hydrogen peroxide, subsided in 1 week and root
canal treatment was completed.

o Walker (122) presented a case of inadvertent
extrusion of 40% hydrogen peroxide through the
root canal of a maxillary first molar. A sudden
swelling appeared accompanied by mild pain.
Examination of the swelling revealed a mildly
tender swelling with crepitus. It is probable that a
previous infection of the periapical area had
provided a pathway for the hydrogen peroxide
through the buccal bone to the buccal and facial
soft tissues. Under antibiotic therapy, the symp-
toms resolved completely after a few days.

e After extrusion of hydrogen peroxide (10%) be-
yond the apical foramen of a right first maxillary
premolar, Patterson & McLundie (123) reported
the typical symptoms of sudden, severe pain
accompanied by a rapid swelling and erythema in
the region of the treated tooth. The tooth was
immediately extracted by the general dental practi-
tioner and the patient was prescribed antibiotics.
Two days later the pain had resolved almost
completely, but edema and erythema were still
present. The patient was instructed to use warm
mouthrinses for symptomatic reliefand take further
antibiotics. After 2 weeks, the patient had returned
to normal.

o Essigetal. (124) described an injection of hydrogen
peroxide through an iatrogenic root perforation in a
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right maxillary canine. The patient developed
immediate swelling and increasing airway obstruc-
tion. A diagnosis was made by the dentist of an
anaphylactic shock and corticosteroids and antihis-
taminica were administered. As no relief of symp-
toms appeared, the patient was referred to the
surgical department of the dental clinic. The swelling
resolved after 3 days and the root was apiceted.
Seidner (125), Pollmann (126), Kaufman et al. (127),
Kaufman (128), Hilsmann & Denden (129) (see
Fig. 5) and Nahieli & Neder (130) presented similar
cases of hydrogen peroxide injections into the periapi-
cal tissues with identical symptoms (Table 6).

Apical extrusion of EDTA

There is much discussion as to whether and to what
degree inflammatory tissue reaction can be caused by
chelating agents passing through the apical foramen.
Nygaard-@stby (109) investigated the effect of a 15%
EDTA solution (pH 7.3) on human periapical tissue as
well as on pulpal tissue under clinical conditions in
cases with vital and necrotic pulps. No periapical tissue
damage could be detected after a period of action of up
to 14 months even though EDTA was intentionally
forced through the apical constriction using a file. The
histological examination revealed normally regener-
ated alveolar bone and new functional PDL fibers. In
addition, clinical studies showed that placement of
EDTA for up to 28 days after pulpotomy fails to
produce any pulpal tissue necrosis. In an investigation
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Fig. 8. Swelling of the right cheek up to the infra-orbital
region after inadvertent injection of hydrogen peroxide
through the apical foramen of a right maxillary first
premolar. On careful palpation, the swelling exhibited a
crepitus, which is a typical symptom after air emphysema
or soft tissue injection with hydrogen peroxide. Case
courtesy of Dr. Schénbach.

Fig.9. Severe swelling of the right side of the face
following over-extrusion of hydrogen peroxide through
a maxillary right canine. Case courtesy of Dr. Essig.

of the tissue reaction in rats after intramuscular
implantation and injection of EDTA and EDTAC
(15%), the latter caused much greater tissue irritation
after implantation and after injection than 10% EDTA
(131). No periapical tissue irritation or damage of any
kind occurred in 200 clinical cases where EDTA was
used as an irrigant. Acute exacerbation did not seem to
occur more frequently than with other irrigants.
Extrusion of even a low concentration of EDTA
solution through the apical constriction results not
only in an irreversible decalcification of periapical bone
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but can also have consequences for neuroimmuno-
logical regulatory mechanisms (132). Segura et al.
investigated the effect of EDTA and EGTA on the
binding of vasoactive intestinal peptides (VIPs) to
macrophages. VIPs act not only as vasoactive sub-
stances but also play an important role as neuropep-
tides in the communication between nerves and
immune cells in the pulp and periapical tissue by
modifying the macrophage function. EDTA inhibits
VIP binding to macrophages even in lower concentra-
tions than those used in endodontics (10%). EDTA can
prevent the adhesion of macrophages to substrate; this
is time and concentration dependent (133). EDTA
concentrations measurable in the periapical tissues are
capable of reducing binding by 50%. The degree to
which VIP and substrate control of macrophage
function affects the healing process is not clear.
However, changes in macrophage activity can cause
the inflammatory reaction to be more easily initiated,
but reduced capacity of phagocytosis can result. In
addition, it has been discovered that EDTA improves
plasma extravasation and mediator action (133). In an
investigation of the effects of dental etchants and
chelators on nerve compound action potentials (134),
RC-Prep and File-EZE were shown to reduce the
compound action potentials after an application time of
160 min by 61.8% and 62.4%, respectively.

Apical extrusion of sulfuric acid

There is one single case report on the apical extrusion
of'a 20% solution of sulfuric acid used alternately with a
solution of baking soda known as the Johnston—
Callahan technique of root canal disinfection (135).
Apical extrusion during endodontic treatment of a
maxillary left central incisor resulted in pain, swelling,
erythema, and facial discoloration, followed by devel-
opment of a draining sinus tract and tissue and skin
necrosis of the left ala of the patient’s nose, which had
to be removed surgically. The nose had to be
reconstructed using plastic surgery.

Allergic reactions

o Sodium hypochlovite: Although few reports on
allergy-like reactions to sodium hypochlorite have
been published (136-139) (Table 7), real allergies
to sodium hypochlorite are unlikely to occur as
both sodium and chlorine are essential elements in
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Table 7. Case reports from the endodontic literature reporting allergies or allergy-like reactions to NaOCl
Further
Authors References  Year Irrigant Tooth Symptoms Treatment treatment
Kaufmann &  (148) 1989 NaOCI Pre-operative diagnosis  Solvidont for irrigation =~ RCT
Keila
Caliskanetal.  (149) 1994 NaOCI 1% Pain, burning, swelling, = Emergency unit: sys- RCT
eccymosis, hemorrhage,  temic corticosteroids
breathing problems and antihistaminica,
antibiotics, further irri-
gation with H,O, and
saline
Hiilsmann &  (129) 1997 NaOCI 3% 23 Pain, swelling, edema, Analgesics RCT
Denden +H,0, ecchymosis, hemor-
rhage
Dandakis (152) 2000 NaOCl Pre-operative diagnosis ~ Isotonic saline, EDTA,  RCT
etal. calcium hydroxide
Al-Amri & (137) 2005 NaOCl 31 Pain, swelling, erythe- Antibiotics, antihista- Extraction
Kreusch perfora-  ma, ecchymosis, em- minica
tion physema, necrosis,
allergic exanthema
Crincoli etal.  (153) 2008 NaOCl 13 Pain, profuse bleeding,  Analgesics, antibiotics, RCT
swelling, ecchymosis antihistaminica, further
irrigation with H,O,

the physiology of the human body. Nevertheless,
hypersensitivity and contact dermatitis may occur
in rare cases (136, 138, 139). In cases of
hypersensitivity —against
CHX should not be used either due to the chlorine
content and the use of an alternative irrigant with

sodium hypochlorite,

high antimicrobial efficacy such as iodine-potas-
sium-iodide should be considered. Before use, an
allergy against iodine must be ruled out. Further
irrigants such as alcohol or tap water are less
effective against microorganisms and do not
dissolve vital or necrotic tissue. Calcium hydroxide
should be used as a temporary medicament as it
dissolves both vital and necrotic tissue (140, 141).
CHX, although reported to be a relatively safe
solution, may induce allergic reactions. The sensi-
tization rate has been reported in several studies to
be approximately 2% (142). One case of an
anaphylactic shock after application of 0.6% CHX
to intact skin, only showing signs of a rash following
a minor accident, has been presented in the
dermatological literature (143). Further allergic
reactions such as anaphylaxis, contact dermatitis,
and urticaria have been reported following direct

contact to mucosal tissue or open wounds (142-
147). No publication reporting on allergic reactions
following root canal irrigation with CHX could be
found.

Todine-potassium-iodide: Disinfectants containing
iodine in concentrations up to 10% are frequently
used for disinfection of wounds or operating fields
due to its fast and good antibacterial effect.
Although the allergenic and irritating potential of
solutions containing iodine is well known (148,
149), there are no studies or case reports on
allergenic reactions to iodine-potassium-iodide;
nevertheless, the irrigant should not be used in
patients with known or suspected allergies to iodine
preparations, struma, or hyperthyreosis.

Case reports

e Kaufman & Keila (150) reported a case of

hypersensitivity to sodium hypochlorite. As this
reaction was detected before initiation of endo-
dontic therapy, the patient was referred to an
allergist. Following a skin patch test, the allergist
diagnosed a hypersensitivity to household materials
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containing NaOCI and recommended not to use
NaOCI during root canal treatment. Thus, the root
canals were irrigated with Solvidont (DeTrey/
Dentsply, Konstanz, Germany) and the procedure
was uneventful. In a second case (151), sodium
hypochlorite (1%) was used for irrigation of a
maxillary central incisor with a mid-root horizontal
fracture. The patient immediately reported severe
pain and a burning sensation; within a few seconds,
the upper lip and cheek up to the infra-orbital area
became swollen, accompanied by ecchymosis and
profuse hemorrhage from the root canal. Pain
diminished after a few minutes but the patient
complained about problems in breathing and was
referred to an emergency care unit. Systemic
corticosteroid and antihistamine were administered
intravenously and antibiotics were prescribed.
Swelling dissolved after 3 days but a paresthesia
on the left side of the face remained for 10 days.
Further endodontic therapy was performed with
hydrogen peroxide and sterile saline and was
uneventful. A skin scratch test was performed some
days after the incident and gave a very rapid positive
allergic reaction including erythema and edema.

Dandakis et al. (152) presented a case of'a 12-year-
old girl with a history of contact dermatitis and
bronchial reactions to sodium hypochlorite (house-
hold bleach and
Pre-endodontic immunologic evaluation showed

indoor swimming pools).
no serious symptoms and no immunological dys-
regulation. The authors described the patient’s
condition as ‘non-allergic hypersensitivity.” Instead
of sodium hypochlorite, isotonic saline was used as
an irrigant and RC-prep as a chelator; calcium
hydroxide was placed as an interappointment
dressing and the root canal treatment was com-
pleted without further problems.

Recently, Crincoli et al. (153) presented a case of
adverse reactions following irrigation with sodium
hypochlorite during endodontic treatment of a
maxillary right canine in a female patient with a
known history of adverse reactions to some house-
hold cleaners containing sodium hypochlorite. The
symptoms included severe pain for 1 day, profuse
bleeding, ecchymosis of the cheek and upper lip,
and increasing swelling over 2 days. A skin patch
test did not reveal the presence of a direct allergy to
sodium hypochlorite. Following treatment with
analgesics, antibiotics, and antihistaminica, the

symptoms resolved within 2 weeks and root canal
treatment could be continued without further
problems. Hydrogen peroxide was used as the root
canal irrigant.

Genetic damage

In a comprehensive review on possible induction of
genetic damage by endodontic compounds, Ribeiro
(154) reports two studies using Syrian hamster embryo
in which EDTA, hydrogen peroxide, and sodium
hypochlorite showed a positive genotoxicity iz vitro.
Summarizing several studies on DNA changes induced
by CHX, contradictory results were found.

Inadvertent dental anesthesia with sodium
hypochlorite

Four case reports have been presented in which the
irrigation carpule containing sodium hypochlorite in-
advertently was used for anesthesia (155-158) (Table 8).
Owing to the excellent tissue-dissolving ability of
sodium hypochlorite, severe tissue and bone necrosis
may occur. Correct labelling of the carpules or the use
of differently sized and colored tips are safe and easy
techniques to prevent such incidents. As well, in the
case of irrigation, rubber stops or similar markings for
control of depth of introduction into the root canal
should be placed, clearly distinguishing the carpule
from an anesthetic one. The use of 5 mL carpules for
irrigation and 2mL carpules for anesthesia can be
recommended.

Case veports

e An injection of 1.8 mL of 5.25% sodium hypo-
chlorite for an inferior alveolar nerve block resulted
in severe pain, immediate swelling, and trismus.
The edema extended to the peritonsillar and
pharyngeal area and led to difficulties in swallow-
ing. The patient was administered fentanyl intrave-
nously and was prescribed antibiotics and admitted
to an intensive care unit. After 4 days, she was
discharged from the hospital, but it took 2 weeks
for the symptoms to resolve (155).

e Ina35-year-old woman, an unknown volume of 1%
sodium hypochlorite inadvertently was injected
into the lingual region of teeth 35-37 before
application of the rubber dam. The patient
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Table 8. Case reports on inadvertent anesthesia with NaOCl

Duration of  Further

Authors References  Year  Irrigant Tooth Symptoms Treatment symptoms treatment
Herrmann  (155) 1979 NaOCl Mandibular Severe pain, ede-  i.v. analgesics, 2 weeks
& Heicht 5.25% molar ma, trismus antibiotics
Mandibu- Difficulty in swal-  Hospitalization
lar block lowing
Gursoy (157) 2006 NaOCl Infiltration Pain, soft tissue 2 weeks
etal. 2.5% maxillary and bone necrosis
palatal
mucosa
Hiilsmann  (158) 2007 NaOCl Infiltration Pain, swelling, Incision, anti- 2 months
& Schifer 3% N. mentalis hypesthesia, ec- biotics
chymosis
Pontes (156) 2008 NaOCl Lingual infil-  Pain, soft tissue, Corticosteroids, 2 months RCT
etal. 1% tration and bone necrosis  antibiotics

reported immediate severe pain and the injection
was stopped. Despite prescription of anti-inflam-
matory drugs and antibiotics, pain relief could not
be achieved until 3 days later. Approximately 2
months later, the lingual mucosa of the affected
teeth showed marked necrosis and bone sequestra-
tion, which had to be treated surgically. Endodontic
treatment could then be completed without addi-
tional problems (156).

For the treatment of two maxillary premolar teeth,
a palatal injection of 2.5% NaOCI was inadvertently
given. The patient reported immediate pain and
swelling. Pain subsided after 2 h but in the following
2 weeks, necrosis of the palatal bone and soft tissues
developed. The lesion could be treated conserva-
tively and healed within 2 weeks (157).

Hiilsmann & Schifer (158) presented a case in
which anesthesia of the Nervus mentalis was
administered with 3% sodium hypochlorite (Fig.
10). Besides pain and immediate swelling, a
hypesthesia developed and the patient had to be
referred to an oral surgeon. An incision was made
and antibiotics and analgesics were prescribed.
During the following hours, an intraoral ecchymo-
sis appeared and extraoral swelling increased, both
extending into the middle of the patient’s chest.
Symptoms decreased slowly during the following
days but it took 4 weeks for swelling and
hypesthesia to resolve completely.

Fig.10. (a) Following inadvertent injection with sodium
hypochlorite instead of an anesthetic solution into the
mucosa of tooth 45, swelling, ecchymosis, and an
intraoral hematoma and hypesthesia developed. (b)

Intraoral view showing massive hematoma. (c)
Ecchymosis is still present 2 weeks after the incident;
pain and hypesthesia resolved 2 months later. The dotted
region still painful to palpation. Case courtesy of Prof. E.
Schiifer.

Damage to eyes and skin

Damage to the patient’s eyes may occur when needle
and syringe are not connected tightly and thus separate
during irrigation. This may be facilitated by inadequate
irrigation pressure. When using irrigation needles with
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a small diameter, it must be kept in mind that much
more pressure is necessary to apply the same amount of
the solution in the same time compared with tips with
larger diameters. When using such small needles,
blockage of the tips may occur by deposition of sodium
chlorite crystals.

o Sodium hypochloritein a 4% solution did not provoke
severe alterations of the cornea after a short contact
time (159). Pashley et al. (5) reported hyperemia
and edema of the conjunctival tissue. A 0.25%
solution provoked severe skin reactions (148).
Contact with the patient’s or operator’s eyes has
given rise to reports of immediate pain, profuse
watering, intense burning, and erythema (160).
Loss of epithelial cells in the outer layer of the cornea
may occur. Immediate ocular irrigation with large
amounts of tap water or sterile saline should be
performed by the dentist and the patient referred to
an ophthalmologist for further examination and
treatment (161).

e CHXis used as a disinfectant for contact lenses and
in concentrations of 0.1%, 1.0%, and 2.0% it has
been shown to induce no alterations or abnormal-
ities in rabbit eyes (162). Concentrations up to 2%
do not cause visible or light-microscopical changes
of the cornea (163). Only larger volumes of CHX
may provoke corneal swelling (164 ), but even a 4%
concentration was shown to be significantly less
irritating to skin than 0.25% NaOCI (148).

e No reports on sequelae of eye contact of hydrogen
peroxide, citric acid, or EDTA were found.

Skin injuries may occur following inadequate isola-
tion, leakage of the rubber dam, or splashing of the
irrigant. In order to prevent such mishaps, the patients’
eyes may be protected with glasses; additionally,
patients should be asked to close their eyes during
irrigation. Luer lock syringes should preferably be used
to avoid separation from the irrigation needles.

Treatment

The treatment of incidents of contact of the irrigant
with the eye should be immediate irrigation of the eye
with saline or tap water and referral to an ophthalmol-
ogist (119).

Case reports

e During root canal treatment of a 15-year-old
patient, the irrigation needle was wedged in the
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root canal. The syringe, containing a 5.25% NaOClI
solution, was not securely attached to the needle,
separated and the irrigant was splashed into the
patient’s right eye. The patient immediately experi-
enced sudden and severe pain, an intense burning
sensation, profuse tearing, and erythematous swel-
ling. Pain resolved slightly after 10 min of intense
irrigation with tap water. Ophthalmological inves-
tigation revealed edema of the conjunctiva and
superficial punctuate keratopathy. The patient was
prescribed a combination of an antibiotic and
steroidal ophthalmic solution and an a-receptor
stimulant (sympathicomimetic) and HI-receptor
antagonist (antihistamine) combination. Two days
later the patient was asymptomatic.

e During root canal treatment of a maxillary left
second premolar, a patient’s complaints of burning
sensations around the rubber dam following
irrigation with 2.5% sodium hypochlorite were
ignored. Exposure to the irrigant for approxi-
mately 2h resulted in a massive skin rash and a
chemical burn on her facial skin with scab
formation. After 3 months, the symptoms had
disappeared (165).

Ingestion of irrigants and airway
obstruction

Although root canal treatment needs to be performed
using a rubber dam, irrigant inadvertently may come
into contact with the airway or be ingested. For sodium
hypochlorite in high concentrations (5.25%), only
minor adverse effects such as mucosal irritation are
reported as a consequence of ingestion (166). It can
cause major esophageal problems such as burns or
edema only in cases of ingestion of larger amounts
(>10cm? over a 5-min period); for a 2-min contact, a
volume of 30 cm® was required (167). Liquid chlorine
bleach in cat esophagus resulted in severe injury to the
stomach and esophagus after 3 min (168).

Severe complications of sodium hypochlorite may
occur when swelling of tissues results in obstruction of
the airways. One case with such life-threatening
obstruction has been reported recently (110).

To our knowledge, there have been no reports on the
negative consequences of ingestion of CHX (169).

Exposure of airways to citric acid may provoke
bronchoconstriction (170).



Complications durving canal irvigation

Case report

e During endodontic treatment of a mandibular
second molar, extrusion of sodium hypochlorite
resulted in immediate severe pain and swelling
which progressively worsened. Eight hours later the
swelling had already extended to the submandib-
ular, submental, and sublingual areas and also
provoked a marked elevation of the patient’s
tongue. Ecchymosis was present at the floor of
the mouth, the soft palate, and the tongue. The
patient, who was also showing trismus and par-
esthesia of the lingual and inferior dental nerves,
was referred to an emergency unit. Despite
intravenous antibiosis and intravenous administra-
tion of corticosteroids, his condition deteriorated
to life-threatening status and surgical decompres-
sion was performed as well as awake naso-tracheal
intubation. Three days later his situation had
significantly improved and complete healing was
reported 1 month later. The tooth was extracted
(110).

Damage to clothing

Probably the most common incidents during root
canal irrigation concern damage of the patient’s
clothing. As sodium hypochlorite is a common house-
hold bleaching agent, even small amounts may cause
severe damage. When using an ultrasonic device for
root canal irrigation, the aerosol may also cause
damage. These mishaps should be prevented by proper
protection of the patient’s clothing. When using hand
irrigation, one should ensure that the irrigation needle
and syringe are securely attached and will not separate
during transfer or irrigation in order to prevent leakage
on clothing.

Air emphysema

Air emphysema is defined as the abnormal presence of
air under pressure along or between facial plates (171).
Many cases reports are available from the 1920s when
drying of cavities with hand-held devices was replaced
by drying with compressed air from the dental unit
(129). The use of a high-speed handpiece in restorative
dentistry or the use of compressed air during surgery
have been reported as causes of subcutaneous emphy-
sema as well (171). Battrum & Gutmann (171), in

their exhaustive review of emphysema of endodontic
origin, report 30 cases in the dental literature due to
endodontic treatment; Shovelton (172) presented 11
cases. Heyman & Babayof (173) analyzed 75 case
reports of emphysema during dental treatment pub-
lished during the years 1960-1993; nine of those
occurred during endodontic therapy and five were
caused by hydrogen peroxide irrigation. More than
30% (n=36) of 129 dental emphysema cases were
identified as related to root canal treatment (174).
Some of the reported cases are summarized in Table 9.

When low-pressure air (5psi, 260 mmHg) was
injected into a root canal with a Stropko air syringe,
higher apical pressure was recorded when the needle
was wedged into the root canal and when the apex was
enlarged to size 30 or more (175). In a laboratory
study, Eleazer & Eleazer (176) could measure sig-
nificant pressures up to 26 mmHg using a low-pressure
Stropko air syringe and up to 240 mmHg for a standard
three-way syringe beyond the apex when root canals
were dried with these devices. Periapical pressure
increased with larger diameters (size 20-25) of the
apical foramen.

During endodontic therapy, such incidents may
occur when drying root canals with compressed air
(Figs. 11 and 12) or when large amounts of hydrogen
peroxide are injected beyond the apical foramen,
releasing oxygen inside tissue compartments and
causing edema by gas dissection. The spread of air is
rapid and extensive, resulting in immediate edema that
may cross the facial midline. A few cases of delayed-
onset swelling have been reported (174). Swelling
frequently is accompanied by a typical crepitus.
Intensity of pain varies but in most cases seems to last
for only a short duration. The majority of emphysema
caused by endodontic therapy does not require any special
treatment and mostly resolve in approximately 1 week due
to resorption of the entrapped air (172). A review of the
literature shows that the majority of cases have been
treated with antibiotics and analgesics were also some-
times prescribed. Surgical intervention has been necessary
in only a few cases with subsequent infection or
obstruction of airways. In some cases, severe sequelae
have been described such as respiratory problems, which
may require hospitalization and surgical intervention.
Reports on air emphysema during endodontic treatment
have been published by Nehlsen (177), Berg (178),
Miiller-Stade (179), Salvas (180), Seidner (125), Lan-
gegger (181), Glahn (182), Magnin (183), Lloyd (184),
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Fig.11. Following drying of the root canal of tooth
15 with compressed air, the patient experienced severe
pain and immediate swelling of the right side of his face.
One day later the swelling is still present but the pain has
resolved. A typical crepitus is present upon palpation.
Swelling resolved within 1 week; paresthesia persisted
some days longer. Root canal therapy could be completed
without further problems. Case courtesy of Dr. Wettlin.

g |

Fig.12. (a) Massive swelling of the right side of the face
after air emphysema during root canal treatment of a
right maxillary first molar. (b) Patient’s view after
resolution of the symptoms 1 month later. Case
courtesy of Prof. C. Lost.

Walker (122), Harnisch (185), Spaulding (186), Arnold
(187), Hirschman & Walker (188), Hiilsmann & Denden
(129), Kaufman et al. (127), Falomo (189), Wright et al.
(190), Sikora (191), and others.

In an animal study by Rickles & Joshi (192), the
possibility that air emphysema during root canal
therapy was the reason for the death of four out of
seven dogs could not be completely excluded. One case
has been described in which drying of the root canal
might have been causative for lethal air emboly (130).

Prevention

The use of compressed air for drying the root canal
should be avoided. Ifit is necessary to use air inside the

root canal, the tip of the application device must not be
wedged into the root canal.

There is no indication today for the use of hydrogen
peroxide as an endodontic irrigant as more effective
and safer irrigants are available.

Treatment

Emphysema is self-limiting in most cases and does not
require any special therapy. Pain usually subsides in a
rather short time. Swelling resolves in a few days and
only in rare cases is accompanied by persistent pain.
The prophylactic administration of a broad-spectrum
antibiotic is reccommended in all cases (174).

Case report

The case reports mostly present typical symptoms:

immediate swelling (‘ballooning’) of tissues, lips or

cheeks accompanied by a typical crepitus. Swelling may
extend over the complete face, neck, and chest.

e During endodontic treatment of a right maxillary
first bicuspid, hydrogen peroxide (3%) was inad-
vertently extruded beyond the apex. The patient
felt a sudden sharp pain and immediate swelling of
the right side of the face occurred. Profuse watering
of the right eye and pressure in the right side of the
cheek were also reported by the patient. The pain
diminished after a few minutes and only a mild
pressure in the cheek region was felt by the patient
over the next 5 days. Palpation of the right cheek
during this period produced the sign of crepitus.
Healing occurred without any further medication
and was uneventful (129).

Post-operative and inter-appointment pain

Post-operative pain may occur due to several reasons,
one of these being apical extrusion of the irrigant. It
cannot be clearly distinguished clinically whether post-
operative discomfort is due to overinstrumentation,
extrusion of infected debris, extrusion of the irrigant,
or a combination of these factors, and nearly no valid
and reliable data on this problem are available.
Harrison et al. (193) studied the incidence and
degree of post-operative pain following different
irrigation regimes: irrigation with 2.5% NaOCI,
5.25% NaOCI combined with 3% H,O,, or saline did
not result in significant differences with respect to
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inter-appointment pain. In a second study, the same
group evaluated incidence and severity of inter-
appointment pain following two different irrigation
and medication regimes (194). Irrigation was per-
formed alternately with H,O, (3%) and NaOCl
(5.25%) and the teeth medicated with one of the
following three solutions: camphorated parachloro-
phenol, formocresol, or sterile water. There was no
difference in the frequency and degree of inter-
appointment pain; 17.6% experienced slight pain and
5.7% needed some palliative treatment or analgesics.

In a randomized clinical trial involving 73 patients
with different periradicular diagnoses, irrigation with
1.3% NaOCI followed by smear layer removal with
a 5-min application of MTAD did not result in
significantly different degrees of post-operative dis-
comfort than an irrigation sequence of 5.25% NaOCl
followed by 17% EDTA and a final rinse of 5mL
NaOCl (5.25%) (195). None of the patients experi-
enced swelling, severe pain as assessed by means of a
visual analogue scale or other post-operative sequelae
necessitating removal from the study. Pain in both
groups slightly increased during the 6 h post-operatively
and significantly decreased during the succeeding time
intervals.

Staining/discoloration

Clinical use of low concentrations of CHX may cause
intraoral discoloration, mainly of soft tissues such as
tongue and gingival, but staining of filling materials
(silicate) and of dental hard tissues has also been
reported (196). To our knowledge, discoloration of
dentine and enamel following irrigation with 2% CHX
has not been reported thus far.

The subsequent use of CHX and sodium hypochlor-
ite as proposed for final irrigation of the root canal
system has been demonstrated to result in discolora-
tion of dentine (1, 197). This brownish flocculate will
occur with different concentrations (NaOCI: 0.5-5%,
CHX: 0.2-2%) and the combinations of the two
solutions. The lowest concentration of NaOCI to
induce such discoloration has been shown to be 0.19%
(198). A spectrometric analysis revealed the presence of
Ca, Fe, and Mg in the flocculate (196). Using X-ray
photon spectroscopy and secondary ion mass spectro-
metry, Basrani et al. (198) identified the brownish
precipitate to be para-chloroaniline (PCA, C4H4Cl).
The authors recommend not using these irrigants in
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direct sequence as PCA has been reported to be both
cytotoxic by formation of methemoglobin and carci-
nogenic in animal studies. PCA may compromise the
final seal of the obturated root canal (197). Remaining
NaOCl should be washed out with alcohol or EDTA
before rinsing with CHX (198). When used in
combination or separately, the interaction of CHX
and calcium hydroxide is potentially genotoxic and
tissue damage to the periapical tissues should be
considered when used in higher concentrations and
extruded through the apical foramen as generation of
reactive oxygen species has been shown under labora-
tory conditions (199).

The sequential use of 1.3% NaOCI and MTAD
(BioPure MTAD, Dentsply, Tulsa, OK, USA) as
recommended by Torabinejad et al. (41) has been
reported to result in a red-purple discoloration of the
root and crown dentine. This phenomenon is related to
a red-ox reaction similar to that being reported for
photo-oxidation and red-purple staining of tetracy-
cline, which is part of the MTAD solution. The process
includes chelation of Ca ions (201). This reaction takes
place only under light exposure and may be prevented
by the use of ascorbic acid (201).

Todine-potassium-iodide has also been reported to
stain dentine (26).

Other side-effects of irrigants

Further sequelae and problems of'irrigation procedures
have also been reported. Corrosion of rubber dam
clamps and endodontic instruments may occur as a
result of long-time contact with sodium hypochlorite.

Mercury velease from amalgam fillings: Rotstein et al.
(202) investigated the release of mercury from
amalgam fillings after 20-, 40-, or 60-min contact with
several endodontic irrigants: 1% and 3% NaOCI, 10%
EDTA in 1% or 3% NaOCI, EDTA distilled water, and
phosphate buffer. Mercury release increased with
increasing concentration of NaOCI; the addition of
EDTA slightly reduced mercury release. The effect was
time dependent with an onset after 10min; after
40 min the release clearly decreased.

Air contamination: Lambrianidis (160) suggested
paying attention to increased concentrations of chlo-
rine in the environment of the dental office. A fine mist
of chlorine may affect skin, eyes, and airways of the
office personnel and the patient, especially when used
with an ultrasonic unit.
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Ultrasonic irrigation

Martin & Cunningham (62) and Fairbourn et al. (60)
investigated the amount of extruded debris during 7%
vivo preparation and found less extrusion for sonic and
ultrasonic preparation techniques than for manual
preparation with stainless-steel instruments (Table 1).
It should be noted that no periapical tissue served as a
natural barrier against apical extrusion in these studies
so that the results regarding the amount of extruded
material should not be transferred to the clinical
situation.

Ultrasonic activation results in a fine fog of sodium
hypochlorite that may affect the eyes and skin of the
patient, the dentist, and the dental assistant. Therefore
eyes should be protected with glasses.

New irrigation and disinfection techniques
and devices

Other than conventional irrigation, additional tech-
niques for disinfection of the endodontic cavity have
been proposed and tested, including laser systems and
gaseous ozone. Recently several new devices for
endodontic irrigation and/or disinfection have been
introduced, among which are the Quantec-E irrigation
system, RinsEndo (Diirr-Dental, Bietigheim, Germany),
EndoVac (Discus, Culver City, CA, USA), Vista irrigator
(Vista Dental Products, Racine, WI, USA), a non-
instrumenting technique (NIT), and similar systems.
These new devices use pressure, vacuum, oscillation,
and /or a combination with suction. For most of these
devices and techniques, no data on the risk, frequency,
and intensity of apical extrusion of the irrigant or the
problems encountered with the use of pressure and
negative pressure or oscillation are available.

Quantec-E irrigation system

The Quantec-E irrigation system is attached to an
endodontic handpiece and allows continuous irriga-
tion during rotary preparation, facilitating fast and
permanent exchange of the irrigant and application of
an increased volume of irrigant per time unit (203,
204). No reports on safety or on irrigation-related
incidents of this device are available.

RinsEndo

RinsEndo represents an automated irrigation tech-
nique using combined irrigation and suction under

hydrodynamic pressure. The irrigant (1-2% sodium
hypochlorite) is agitated to an oscillation of approxi-
mately 1.6 Hz. Until now, only a few studies have been
published on this device. Hauser et al. (205) men-
tioned that in ¢z vitro studies, a higher risk of apical
extrusion of the irrigant (80% of teeth) was evident
compared with conventional irrigation using a syringe
(13%). Also the penetration depth of a colored irrigant
into the dentine was higher for the RinsEndo device
used with a 0.45 mm diameter needle, demonstrating
the efficacy of the oscillation in distribution of the
irrigant. No further studies on that system have been
published so far.

e One case of massive apical extrusion of sodium
hypochlorite used with the RinsEndo device in
tooth 13 has come to the attention of the author
but has not yet been published (Fig. 13). The
patient presented with severe ecchymosis descend-
ing to his chest.

EndoVac

EndoVac (betp://www.discusdental.com/endo) is a com-
bined irrigation—evacuation system. The irrigant is
extruded from the system with pressure at the root
canal orifice. The evacuator, a micro-cannule, extends
to the apical region of the root canal; the dimensions of
the needle are size 55 with a 2% taper. High-volume
suction from the dental unit results in negative apical

Fig.13. Severe swelling and ecchymosis of the face
following apical extrusion of sodium hypochlorite. Case
courtesy of Dr. Gerner.
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pressure and thus passively sucks the irrigant from the
orifice to the apical part of the root canal (206). Apical
extrusion will probably be reduced as low pressure will
appear apically.

A similar device has been presented by Fukumoto
etal. (207). The irrigant is delivered by a needle (outer
diameter 0.41 mm, inner diameter 0.19 mm) and a
tubing pump (Masterflex, Cole Palmer Instruments,
Vernon Hills, IL, USA) to the coronal or middle part of
the root canal and aspired by a second needle (outer
diameter 0.55 mm, inner diameter 0.30 mm), which is
introduced to the apical part of the root canal. The
aspiration pressure is -20 kPa. The irrigant is aspired
from the coronal to the apical part of the root canal and
there finally suctioned. This technique in an » vitro
experiment on teeth with resected apices resulted in
significantly less over-extrusion of irrigant than a
conventional irrigation technique with the needle tip
placed 2 mm before the apex. When the needle was
placed 3mm from the apex, the results did not
significantly differ (208).

Safety irrigator

The Safety irrigator (Vista Dental Products) is an
irrigation/evacuation system that delivers the irrigant
via a thin needle containing a lateral opening with
positive pressure to the apical part of the root canal and
evacuates the solution via a large needle at the root
canal orifice. No information on risks and safety are
available thus far.

NIT

This technique, developed by Lussi and colleagues
(209-211), uses a pump system producing a negative
pressure (vacuum) down to approximately 3 x 10* Pa
with microscopic and macroscopic bubbles inside the
root canal system. A rapid rise of pressure up to
9 x 10*Pa causes collapse of the bubbles and hydro-
dynamic turbulence, allowing the irrigant to penetrate
the root canal system. Attin et al. (212) reported on
two (out of 22) cases of severe pain (despite anesthesia)
during irrigation using the NIT such that treatment
had to be stopped. In 14 of the remaining 20 cases,
some blood was detected in the NIT adapter,
demonstrating an inflow of blood from the periradi-
cular tissues due to the negative pressure. In vitro no
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over-extrusion of NaOCI through the apical foramen
was detected (213).

Ozone

Ozone has been proposed for endodontic disinfection
(214, 215). The hazards of ozone when used in
endodontics have not been investigated thus far. Care
should be taken with regard to the patient’s and the
dentist’s exposure to the gas.

Laser

Lasers are well known to exert several negative side-
effects if not used properly and according to the
manufacturers’ guidelines (216, 217). Recently, it has
been shown iz vitro that some types of lasers (Er:YAG
and Er,Cr:YSGQG) create pressure waves in intracanal
irrigants, which might force the solutions through the
apical foramen (77). To review the possible side-effects
of all types of lasers available for use in endodontics lies
far beyond the scope of this review.

Concluding remarks

The endodontic literature contains several case reports
on complications during root canal irrigation, includ-
ing inadvertent injection of sodium hypochlorite or
hydrogen peroxide into the periapical tissues, air
emphysema, and allergic reactions to the solutions.
Most of the cases occurred because of incorrect
determination of endodontic working length, iatrogenic
widening of the apical foramen, lateral perforation, or
wedging of the irrigating needle. Clearly, precautions
must be undertaken to prevent such mishaps. The
irrigating needle has to be fixed to the syringe and must
not be wedged into the root canal. During irrigation, a
low and constant pressure should be used and the
operator must ensure that excess irrigant leaves the
root canal coronally via the access cavity, where it
should be suctioned off immediately. However, it has
been shown that contact between the periapical tissues
and the irrigant cannot be completely avoided (70,
218). Therefore, a diluted concentration of the irrigant
that still retains adequate disinfective properties is
recommended. In a concentration of 0.5%, NaOCI is
non-toxic to vital tissues and immediately washed away
by the circulating blood (15, 16).
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In case of an irrigation incident, the dentist should
remain calm and assist the patient, who will inevitably
become concerned about the dramatic sequelae. The
dentist should immediately inform the patient of the
cause and the nature of the incident. No standard
therapy for further management of the complication
has been described. Any intervention depends on the
nature and severity of the incident. In many cases, no or
only minimal intervention is necessary. To reduce the
acute pain, local anesthesia may be helpful along with
the prescription of analgesics. Antibiotics are recom-
mended in cases where there is a high risk of the spread
of infection; they are not necessary in minor cases. The
patient should be informed that healing will take some
days, or even weeks, and that symptoms in most cases
will resolve completely. When the acute symptoms have
resolved or diminished, endodontic treatment may be
completed in most cases. The use of a mild, non-
irritating irrigation solution (sterile saline, CHX
gluconate) is recommended in such cases. In the
majority of cases, there is no need or indication for
extraction or surgical treatment of the involved tooth.
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