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Abstract
The objective of endodontic treatment is to treat and/or prevent apical periodon-
titis. Historically, there have been many irrigating agents that have been used to
achieve this objective. Sodium hypochlorite, to date, still remains the irrigant of
choice to break down the organic tissue of the dental pulp, debride necrotic tis-
sue from the root canal space, and confirm negative bacteria cultures. Sodium
hypochlorite while being an excellent endodontic irrigant can also cause devas-
tating complications if extruded past the apex into the periradicular tissues.
This chapter will outline the complications and sequelae that poten-
tially can occur if sodium hypochlorite is accidentally extruded past the
apex and into the periradicular tissues. The mechanism of action of the
irrigation accident will be detailed as well as preventative measures that
can be employed to avoid such occurrences in addition to suggested treat-
ment recommendations should such an accident occur. In addition, the
legal and ethical implications with respect to the use and delivery of
sodium hypochlorite during endodontic treatment will also be discussed.

Microbial Control: History

G. V. Black [1] recognized the significance of
endodontic microbial control over a century
ago, and by the mid-1920s, the importance of
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obtaining a “negative culture” prior to obtura-
tion was axiomatic [2]. Unfortunately, the early
endodontic pioneers lacked the methods, tech-
niques, and equipment to identify all varieties of
microbiota and their symbiotic association
within the root canal system. These shortcom-
ings adversely affected the reasoning of many
researchers like Bender and Seltzer who by
1964 questioned the need to culture [3, 4].
Fortunately, as microbiology assay methods
improved, Sundqvist reestablished the impor-
tance of the endodontic microflora [5] and began
the scientific path of discovery that would estab-
lish endodontic biofilm as the cause of apical
periodontitis [6].
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Table 6.1 While 3 and 6 % NaOCI could eliminate bio-
film from the dentinal walls, only 6 % NaOCI could pre-
vent regrowth of the biofilm

SEM

Presence of Biofilm Culture
Solution bacteria status growth (%)
6 % NaOCl - Absent 0
3 % NaOCl - Absent 20
1 % NaOCl + Disrupted 90
1 % NaOCl/ + Disrupted 0
MTAD
2 % CHX + Intact 0
+ Control + Intact 100
— Control - Absent 0

From Clegg [8]

Microbial Control: Biofilm and NaOCI

In 2005, Nair reported an abundance of biofilm
within the root canal system after using copious
amounts of 5.25 % NaOCl during canal prepara-
tion [7]. This finding immediately prompted
Clegg to investigate the most currently available
endodontic irrigation solutions so as to determine
their ability to both eradicate biofilm and prevent
its regrowth on dentinal walls [8]. His findings
conclusively proved that 6 % NaOCl is required
to achieve both objectives (Table 6.1). Although
chlorhexidine effectively kills biofilm, it lacked
the ability to hydrolyze it, thus failing to achieve
one of the basic objectives of endodontic treat-
ment — debridement. By default, 6 % NaOCl is
the only known endodontic irrigant, to date,
capable of addressing the problems associated
with endodontic biofilm; therefore, this chapter
will only address complications associated with
using NaOCl during endodontic treatment.

NaOCI: Cytotoxicity

Unfortunately, the chemical characteristic respon-
sible for complete hydrolysis of biofilm produces
devastating effects on living tissue. In a classical
1985 study, Pashley et al. [9] investigated the
effect on red blood cells (RBC) and found that
5.25 % NaOCl, when diluted with saline at a ratio
of 1:1,000, produced 96.3 % hemolysis of an
RBC sample. The study also included the intra-

dermal injection effect using a rat model and
5.25 % NaOCl. The intradermal injections
resulted in immediate hemorrhage within the
entire area of solution contact, and the affected
areas ulcerated after 24 h. Pashley et al. warned:
“NaOCl, while a very effective proteolytic sol-
vent, is extremely cytotoxic and should be used
judiciously and with caution in endodontic treat-
ment. Even the suggestion that NaOCl, at some
dilution, will only affect necrotic tissue should be
abandoned.” Pashley et al. further noted that one
of the serious clinical consequences of using
NaOCl is the passage of some of the solution
through the foramina, which sometimes occurs
when the needle is momentarily wedged tightly
into the canal during irrigation. Twenty-eight
years after this warning, Pashley coauthored
another publication that identified a far simpler
and more dangerous cause of the NaOCI extru-
sion incident — direct intravenous injection via
intraosseous infusion [10].

NaOCI: Complications

Complications from NaOCI extrusion includes
(1) maxillary sinus incidents [11], (2) severe pain
[12], (3) cellulitis [13], (4) life-threatening events
[14], (5) permanent facial disfigurement [15], (6)
permanent nerve damage [16], (7) secondary
infection [17], and (8) acute kidney injury [18].
At the root of the problem is a broad misunder-
standing of the reasons NaOCl is extruded from
the apical foramen. It is generally believed that
apical extrusion of NaOCI happens, as Pashley
described, when an irrigation needle is wedged
into a canal during irrigation; however, two stud-
ies disagree with this belief. First, in a survey of
the diplomats of the American Board of
Endodontics, only 20 % of the responding diplo-
mats reported they felt the needle was wedged in
the canal [19]. Second, in a one-of-a-kind clinical
study, Hypaque (a radiopaque dye) was used as
an irrigating solution [20]. It is important to note
that the Hypaque investigators were aware of the
possibility of forceful apical extrusion and
reported that care was taken to insure that no irri-
gation needle was wedged into the walls, yet in
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both vital and nonvital teeth, apical extrusion of
Hypaque was noted (Fig. 6.1). Considering the
tissue toxicity of even the smallest amount of
NaOCl, it seems reasonable that many patients
would feel some degree of postoperative pain or
discomfort following traditional endodontic irri-
gation. Gondim et al. proved this to be a statisti-
cally significant fact [21].

NaOCI: Reviewing the Extrusion
Incident

A typical NaOCI extrusion is characterized in
Fig. 6.2, but if an irrigant can escape the apical
foramen as easily as demonstrated in Fig. 6.1,
then why are these characteristic signs and
symptoms of the NaOCl incident so rare?
Furthermore, why isn’t the facial area directly
superficial to the involved root apex virtually
ever affected; while very specific other parts of

"y

Fig.6.1 In aunique clinical study, Salzgeber used a radi-
opaque dye (Hypaque) as an endodontic irrigant delivered
judicially and cautiously via a non-binding needle during
canal preparation and final irrigation. Despite careful
delivery, sometimes regardless of the pulp’s vitality, the
dye extended into the apical tissues. Regarding nonvital
teeth: “When the Hypaque did extend into the periapical
tissues in teeth with necrotic pulps, it seemed to respect no
boundaries and occupied a random portion of the rarefied
area.” In a situation as shown here, due to tissue reaction
with NaOCl, post-op pain is likely a consequence, a find-
ing supported by Gondim et al. [21] (From Salzgeber and
Brilliant [20])

the face in Fig. 6.2 are usually always affected,
and other areas like the cheek are never affected.
This is apparent again with the patient shown in
Fig. 6.3a. Curiously, almost no ecchymosis is
apparent at or near the right alar lobule, and this
is the area directly superficial to the apex of the
treated tooth (upper right lateral incisor), yet
ecchymosis is apparent up to the super palpebral
vein (arrow in “A”) and down to the angle of the
mouth [22]. In July 2013, Boutsioukis et al. [23]
published an extensive 16-page review paper
that included 105 references and examined 40
case histories and stated: “There is a lack of clin-
ical studies focusing on irrigant extrusion dur-
ing root canal irrigation. Currently available
case reports provide limited data on the possible
factors that may influence irrigant extrusion.” It
is important to note that the Boutsioukis’ et al.
review was published in July 2013, four months

Fig. 6.2 The pathognomonic appearance of a NaOCl
extrusion incident typically includes hemifacial edema and
ecchymosis involving (A) one or both eyelids and (B) upper
and lower lips beginning at the angle of the mouth but (C)
never includes the cheek area [18] (With permission from
Saudi Journal of Kidney Diseases and Transplantation)
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Fig. 6.3 (a) The classical pathognomonic facial appear-
ance of NaOCl infusion resulting from the treatment of
the maxillary right lateral incisor. Interestingly, although
the right superior palpebral vein (red arrow) shows the
hemorrhagic effect of NaOCI infusion, the midface area
just below the eyelids and upper lip is virtually unaftected
(From Witton and Brennan [22]). (b) The course of the
anterior facial vein and its tributaries including the palpe-
bral veins of the eyelids, the superior and inferior labia

before Pashley et al. described their novel theory
of direct intravenous injection via intraosseous
infusion.

The article immediately following Boutsioukis’
July 2013 review was one of the three ex vivo
studies published between April 2013 and May
2014 [24-26]. These ex vivo studies contained a
method flaw obviously due to the investigator’s
lack of knowledge regarding the more recent
findings of Pashley et al. The principle investi-
gator with Pashley was Zhu [10], and their work
was not referenced in any of Boutsioukis’
ex vivo studies [24-26]. Additionally, two
extremely important case histories [27, 28] were
not included in the Boutsioukis’ review; there-
fore, the method flaw and the case histories will
be examined in detail. Finally, the review criti-
cizes the ex vivo study by Desai and Himel [29]
as not specifying a research hypothesis or aim-
ing regarding “irrigan[t] extrusion,” while in
fact Desai stated: “The specific aim of this
in vitro study was to compare the relative safety
of wvarious intracanal irrigation systems.”
Furthermore, in Desai’s discussion, he stated
the following: “The protocol for this study was
designed to maximize the possibility of irrigant
extrusion through an unrestricted, yet normal

veins, and, most importantly — an uncommon connection
[40] — with the superior alveolar vein(s) that normally
drains blood from the teeth to the pterygoid plexus of the
veins in the infratemporal fossa. (¢) The area between the
eyelids and the angle of the mouth is unaffected because
the malar fat pad and the zygomatic muscles cover the
anterior facial vein, thus hiding any hemorrhagic effect
(Figs. b & ¢ with Permission from SybronEndo)

apex. It is understood that in clinical situations
several factors might decrease the extent to
which these systems extrude solutions.
Periapical tissues and bone provide resistance
to apical extrusion as well as non-patent canals.
If quantities of periapical extrusion occurred
clinically such as reported in this article, greater
adverse treatment reactions associated with
full-strength sodium hypochlorite would most
likely occur. The model used most likely corre-
lates, by design, to a canal that is open to atmo-
spheric pressure, such as occurs when the apex
of a tooth is extruding into the maxillary sinus
with no apical covering or restriction.”

Maxillary Sinus Considerations

The maxillary sinus is uniquely located in the
immediate vicinity to the apices of maxillary
teeth. With age, the alveolar bone surrounding
these apices becomes thinner to the point where
the root tips may project into the maxillary
sinus and may not be covered with bony lamina
dura or even the schneiderian membrane [30].
Furthermore, the ostium maxillae communicate
directly with the nasal cavity and consequently
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normal atmospheric pressure. Provided the root
canal is fully patent during treatment, this unique
root canal system and maxillary sinus anatomical
relationship offers no resistance to fluid extrusion
during endodontic irrigation. Two previously cited
studies [25, 29] used similar methods and materi-
als. Each experiment used single straight-rooted
teeth with open apical foramen exposed to normal
atmospheric pressure. In the Boutsioukis’ experi-
ment, the canals were shaped to a #35/.06 and irri-
gated with open-ended (NaviTip) needles placed
at WL — 1 mm with a delivery rate of 15.6 mL/
min. Desai’s canals were shaped larger to a
#50/.04 and also irrigated with an open-ended
(NaviTip) needles placed at WL — 1 mm but at a
slower delivery rate of 7 mL/min. The percent
extrusion was very similar: Boutsioukis ~60 %
and Desai (larger apical size) recorded =70 %. In
summary, both studies found that an unrestricted
apical foramen permits a very high irrigant extru-
sion escape from the root canal system as in the
case of the maxillary sinus situation described ear-
lier [30].

Maxillary Sinus: NaOCl Incident -
Case Reports

One of the earliest case histories of NaOCl
extruded into the maxillary sinus reported a rela-
tively benign reaction; the authors stated: “The
expected deleterious sequelae were not seen”
[31]. The authors described a routine endodontic
treatment that resulted in the extrusion event and
did not report any needle binding nor any dra-
matic physiological response, just that the patient
indicated the taste of NaOCl in his throat during
treatment. Treating the extrusion event consisted
of flushing sterile water through the palatal canal
of the maxillary first molar and out the maxillary
sinus via the ostium. Amoxicillin, a decongestant,
and Motrin were prescribed for seven days.
Except for a mild soreness associated with the
tooth and congestion of the associated maxillary
sinus and a brownish material expressed when
blowing his nose, the patient made a full recovery.
Other case reports were not so favorable;

Kavanagh and Taylor [32] reported a similar case
with a different outcome. During routine treat-
ment of an upper right second bicuspid, NaOCl
was inadvertently injected into the maxillary
sinus resulting in acute severe facial pain and
swelling. A futile attempt was made to aspirate
the extruded NaOCI via the endodontic access
opening, resulting in the need to admit the patient
for a Caldwell-Luc procedure under general anes-
thesia. The tooth was eventually extracted three
months after the hospital procedure. Recently, a
never before described sequelae resulting from
the extrusion of NaOCI into the maxillary sinus
has been reported [33]. Sleiman, who maintains a
practice limited to endodontics, was referred to a
patient with a chief complaint concerning an
uncomfortable feeling relative to her right maxil-
lary molar region where she had received end-
odontic treatment several months earlier. The
clinical examination was normal, and while the
radiographic appearance of the molar region
revealed that the maxillary first molar had been
treated endodontically, the treatment appeared
unremarkable having been properly prepared and
obturated; the only exception noted radiographi-
cally was a vague appearance of something
unusual within the maxillary sinus. This vague
appearance resulted in a CBCT scan. The pan-
oramic view (Fig. 6.4a) revealed that tissue filled
half the volume of the affected maxillary sinus. A
close examination of the posterior maxillary sinus
wall (Fig. 6.4b) revealed areas of bone loss.
Referring to Fig. 6.5 (red arrow), it must be noted
that the posterior wall of the maxillary sinus forms
part of the anterior boarder of the infratemporal
fossa, an area rich with several complex nerves
leaving the cranium, and that exposure to NaOCl
has been reported to cause permanent nerve dam-
age [16]. Sleiman postulated that “Potentially, it
could be the position of the patient during the
root-canal procedure that made NaOCI stagnate
on the posterior wall and aggravate[d] the dam-
age.” When the patient was questioned about the
procedure, she reported that during the treatment,
she “had a chlorine taste in her throat arising from
her nose as a liquid was dripping internally,” and
on her way home from the endodontic treatment,
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Fig. 6.4 (a) Panoramic CBCT scan demonstrates half of
the maxillary sinus associated with endodontically treated
tooth which is filled with inflammatory tissue (Courtesy
of Dr. Philippe Sleiman, Beirut, Lebanon). (b) Sectional

Fig. 6.5 (Red arrow) The posterior maxillary sinus wall is
a critical anatomical feature because it forms a significant
portion of the anterior boarder protecting the infratemporal
fossa. In addition to the pterygoid venous plexus, the infra-
temporal fossa contains the following nerves: mandibular
(inferior alveolar, lingual, buccal), plus the otic ganglion and
chorda tympani (Yellow Arrows). A few of the many abun-
dant sinusoid spaces are identified throughout the maxilla

CBCT scan of same maxillary sinus demonstrates areas of
the posterior wall that are nonexistent (Courtesy of Dr.
Philippe Sleiman, Beirut, Lebanon)

the strange chlorine type liquid began to drip from
her nose. Nothing of further consequence was
reported. After viewing the CBCT results, the
patient was referred to an otorhinolaryngologist
for additional examination and treatment.

Maxillary Sinus: NaOCl Incidents -
Treatment and Prevention

These three cited cases represent the spectrum of
morbidity associated with extruding NaOCI into
the maxillary sinus. Today’s imaging technology
can, and has revealed heretofore, unknown conse-
quences of extruding NaOCl into the maxillary
sinus; therefore, even the most seemingly inconse-
quential incidents involving extrusion of NaOCl
into the maxillary sinus must be approached with
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caution. The literature universally suggested anti-
biotic and anti-inflammatory therapeutic treatment
in the case of most NaOCl incidents [34, 35]; how-
ever, from the CBCT images presented in Fig. 6.4b,
it is apparent that in some cases, a consultation
with an otorhinolaryngologist may be appropriate
in cases involving the maxillary sinus. Regarding
prevention, as previously mentioned, the study
conducted by Desai was modeled to simulate a
root without any resistance to apical extrusion, and
balanced to atmospheric as may occur in the max-
illary sinus. Desai concluded: “This study con-
cluded that the EndoVac did not extrude irrigant
after deep intracanal delivery and suctioning the
irrigant from the chamber to full working length.”
In concluding his case study, Sleiman opined:
“One of the safest options that we currently have at
our disposal is the EndoVac [Apical Negative
Pressure] system, which is designed specifically to
deliver fresh irrigant all along the root-canal sys-
tem and, most importantly, to clean the last 3 mm
of the root-canal system using the microcannula. It

Fig. 6.6 (a) Upper left cuspid from Mehra et al. [27].
Most edematous and hemorrhagic effects of published
NaOCl incidents are hemifacial. Although bilateral cir-
cumorbital ecchymosis is not uncommon, this case clearly
demonstrates a vascular connection via superficial nasal
veins (arrow) between both left and right circumorbital
venous complexes suggesting that the NaOCI followed
the venous connection across the bridge of the nose. (b)
Upper right cuspid from Hiilsmann [28]. There is no

allows us to be certain that no chemicals can go
beyond the limits of the root-canal space, nor
cause any serious or even minor damage.”

Pathognomonic Appearance
of NaOCI Extrusion: A Problem

The facial appearance resulting from injecting
NaOCl beyond the apical termination of the root
canal does not agree with the 1985 Pashley intra-
dermal injection findings. Consider a hypotheti-
cal situation whereby excessive amounts of
NaOCl exceed the Hypaque extrusion in Fig. 6.1
[20]. If that was the root cause of the NaOClI inci-
dent, then according to Pashley in 1985, all of the
superficial tissue should be ecchymotic and even-
tually ulcerate. That doesn’t happen. Very spe-
cific parts of the face and neck are profoundly
affected by ecchymosis: (1) the upper and lower
eyelids on one (Fig. 6.6a) [27] or both sides of the
face (Fig. 6.6b) [28], (2) the angle of the mouth

apparent venous connection between the orbits as shown
in (a); thus, only the right side is affected. However, in this
unique case, the anterior facial vein is positioned more
toward the medial area of the face. Accordingly, since
part of it is not hidden under the malar fat pad, the entire
course of the anterior facial vein from the circumorbital
veins to where it courses under the mandible joins the
common facial vein which is apparent (Reproduced with
permission of Elsevier)
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Fig. 6.7 Upper right cuspid from de Sermeiio et al. [36].
The ecchymotic pattern of this severe NaOCI incident is
classically hemifacial, except where it crosses the bridge
of the nose to include left circumorbital area as in
Fig. 6.4b. Note the classical absence of ecchymosis in the
area of the malar fat pad despite almost all of the middle,
lower face and neck being affected

only on the affected side (Fig. 6.6a, b), (3) some-
times the inferior boarder of the mandible only
on the affected side (Figs. 6.6b and 6.7) [36], and
(4) while other parts of the face, specifically the
cheek, are never affected (Fig. 6.7).

Pathognomonic Appearance
of NaOCl Extrusion: A New Theory

In 2013 [10], a new theory hypothesized that the
NaOCl extrusion incident is not the result of
injecting excessive NaOCI into the periapical tis-
sue alone, but rather its direct injection into the
venous system, specifically (in most cases) the
anterior facial vein and its associated complex of
the veins (Fig. 6.3b). This theory evolved from
the 1963 study by Rickles et al. [37] initiated by

a fatal case history caused by air entering the cir-
culatory system through the root canal space.
Their study determined that when the air pressure
inside the root canals was increased by using
intracanal needles, air would enter the venous
system, which would result in a fatal cardiac
embolism. Twenty-seven years later, Davies and
Campbell [38] reported three fatalities resulting
from air entering the vascular system during
implant surgery. They specifically stated that
“For air embolism to occur there must be an open
vessel, a gradient between extravascular and
intravascular pressure, and a source of air. Bone
tissue is very vascular...” A year prior to the
Davies and Campbell paper, Manisali [39]
reported an unusual case of canal overfilling
(Fig. 6.8). In this unique case report, a radiopaque
substance (iodoform paste) was injected into a
lower second premolar and was forced out the
apical foramen. At first it formed into a disorga-
nized periapical mass similar to the appearance
reported by Salzgber, but then within a few mil-
limeters, it formed a second irregular mass that
produced a well-defined wavy line extending dis-
tally. Manisali opined that the paste could have
entered and coursed its way through a vein, not
the inferior alveolar canal clearly shown posi-
tioned below the wavy line.

A careful examination of Fig. 6.3a shows an
ecchymotic threadlike line extending across the
upper eyelid. It is clearly the superior palpebral
vein that is part of the anterior facial venous net-
work (Fig. 6.3b). A direct vascular connection
between the anterior facial vein and the maxillary
teeth does, albeit rare, occur [40]. If NaOCl is
extruded above a specific pressure gradient
through patient’s maxillary right lateral incisor, it
could enter a vein connected directly to the ante-
rior facial vein and then spread through the venous
complex affecting all areas extending from the
upper eyelid to the angle of the mouth and beyond
to the heart and the entire vascular system. The
cheek would not be affected because the cheek fat
pad (malar fat pad) and some of the zygomatic
muscular fibers cover the anterior facial vein
(Fig. 6.3c), therefore masking the hemorrhage.
The case shown in Fig. 6.6b is very unique because
it exhibits the full course of the anterior facial
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Fig.6.8 From Manisali et al. [39], this figure shows over-
fill of iodoform paste which exhibits several unusual fea-
tures. (a) The apical overfill of paste (black arrow)
initially resembles the disorganized extrusion of Hypaque
in Fig. 6.1, but a few millimeters below the initial overfill,
a second mass (white arrow), appears again as another
random mass then forms into a well-organized wavy line.

venous complex from the eyelids to the area where
it courses under the mandible and joins the jugular
vein; in this case, the anterior facial vein is posi-
tioned more laterally than usual and thus not hid-
den by the malar fat pad. Except for the inclusion
of the other eye, Figs. 6.6a and 6.7 both share the
pathognomonic characteristics of Fig. 6.3a includ-
ing the absence of ecchymosis in the cheek area.
Both circumorbital areas apparent in Figs. 6.6a
and 6.7 are connected via a complex of superficial
veins across the bridge of the nose (black arrow
Fig. 6.6a). One apparent flaw in the theory is the
fact that veins lack the elasticity of arteries and
collapse easily, thus possibly nullifying the the-
ory — but medullary sinusoids do not collapse, and
they connect directly to veins. Schoeffel encoun-
tered another problem while investigating the
uptake of ambient air by a healthy periodontal
ligament [41]. He used the lower first premolar of
young healthy dogs (Fig. 6.9a) and bonded a
21-gauge needle into a root canal space with an

(b) This line is not within the inferior alveolar canal (dot-
ted line). Also note worthy is the faint radiopacity con-
necting the two masses. When viewed in its entirety, the
paste overfill initially respects no boundaries upon leaving
the apical foramen, then it becomes well organized as if
running inside a blood vessel as it extends distally above
the inferior alveolar canal

apical foramen prepared to 0.80 mm (Fig. 6.9b),
and although the root canal space was pressurized
to 175 mmHg above atmospheric pressure, no
uptake was measured over 30 min.

Intraosseous Injection

In 1928, Drinker proposed that the intraosseous
space be considered a non-collapsible vein [42].
Medullary bone contains thousands of small non-
collapsible sinusoids that drain into larger veins
[43-45]. The blood pressure in these spaces is
approximately 30 mmHg, also known as the %
rule or 25 % of normal mammalian blood pres-
sure [46, 47]. Since 1934, the interosseous (I0)
space has been used to provide a reliable and safe
method for allowing the introduction into sys-
temic circulation [48-56]. Figure 6.10 shows a
commercially available device used by the mili-
tary and civilian medical personnel to establish
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Fig. 6.9 (a) Radiograph of 21-gauge needle bonded into
the root canal of live dog (From Schoeffel [41]). (b) Tooth
after extraction demonstrating apical termination opened
to 0.8 mm

Fig.6.10 FAST device for interosseous infusion

rapid access to the venous system. Quoting from
the FAST patent application 5,360,711: “It has
long been recognized that access to the vascular
system is available via bone marrow sinuses. See,
e.g., Tocantins et al. [55], Turkel and Bethell, A

New and Simple Instrument for Administration of
Fluids Through Bone Marrow, War Medicine,
pp- 222-25 (1944). Infusion of drugs or other flu-
ids into the marrow (intraosseous infusion) results
in rapid transmission of such fluids into the vascu-
lar system. This method of infusion can be quite
important when the patient has very low blood
pressure or collapsed veins.” Additionally, the IO
route is used routinely in dentistry to effect pro-
found anesthesia [57]. Accordingly, constructing
an ex vivo model as either “open” or “closed”
ignores the very well-established medullary bone
space anatomy and physiology relative to the cir-
culatory system. Under the correct conditions,
intraosseous injection can occur when the pres-
sure gradient exceeds approximately 30 mmHg
[10]. Schoeffel’s observations in 1980 seem in
conflict with Rickles findings, since he was using
a model using a pressure gradient (170 mmHg);
however, his observations were correct because
the pressure approximated a healthy and intact
periodontal ligament, not medullary sinusoids.

Pathognomonic Appearance
of NaOCI Extrusion: A New
Theory - Support

The Peck Case History

Although the pathognomonic features in Fig. 6.2
are indistinguishable from the classical endodon-
tic NaOCl extrusion incident, the NaOCl extru-
sion was not the result of extrusion via the root
canal system. This case resulted from the inad-
vertent injection of NaOCI instead of lidocaine
into an anatomical area where a section of the
anterior facial vein complex is located — the
patient’s right infraorbital space. The significant
ecchymosis in the lower eyelid is understandable
according to Pashley’s 1985 findings, but the fact
that the ecchymosis skips the cheek area and
becomes apparent again at the angle of the mouth
is easily explained by Pashley et al. later in 2013
theory of a direct intravenous injection,
(Fig. 6.3b). Although Occam’s razor proves noth-
ing, it serves as a heuristic device; in this case
history, the simplest solution is that NaOCl was
injected directly into the anterior facial vein



6 Complications of Endodontic Irrigation: Dental, Medical, and Legal

127

complex near the inferior palpebral vein and fol-
lowed its natural course toward the heart.

This recent case history also provides a new
and alarming insight regarding the systemic effects
of a NaOCl extrusion. Due to the immediate facial
swelling and hemorrhage, the patient was directed
immediately to visit the emergency department of
the nearest hospital. A few days after the event,
urine microscopy showed the presence of granular
casts. Accordingly, the patient was referred for
nephrological evaluation that resulted in the diag-
nosis of acute kidney injury secondary to renal
tubular injury. The nephrologists reported: “We
speculate that direct tubular epithelial injury
occurred as a result of sodium hypochlorite expo-
sure. This is the first report demonstrating that
ATN [acute tubular necrosis] is an important diag-
nosis to consider after systemic sodium hypochlo-
rite exposure during a dental procedure” [18].

study show that it is quite easy to exceed capil-
lary pressure when the needle is close to the
working length even at low flow rates.”

Pathognomonic Appearance
of NaOCI Extrusion - Periapical
Pressure

As previously stated, three basic factors must hap-
pen simultaneously in order to produce a NaOCl
incident: a patent apex, unusual vasculature anat-
omy, and access to and pressure exceeding the
intraosseous space. Periapical pressure presents
the most confusion because several basic subfac-
tors influence this issue: canal configuration, type
and position of irrigation needle, irrigant delivery
rate, and universal misunderstanding of the anat-
omy and physiology of the periapical region.

Pathognomonic Appearance
of NaOCI Extrusion: Multivaried
Factors

Although the long-term consequences of NaOCl
extrusion have been reported to vary from benign
to life-threatening, it is still a rare event. Why?
Three conditions must occur together before an
intravenous injection can occur: (1) the apical
foramen must be patent, (2) an anatomical varia-
tion in the venous drainage must exist that directs
the blood flow away from the pterygoid plexus of
the veins, and (3) the periapical pressure gradient
must communicate with and exceed the sinusoi-
dal pressure of approximately 30 mmHg [10].
Excluding wedging the needle in the root canal
system, the pressure gradient factor involves its
own subset of contributory factors including (1)
rate of delivery, (2) location of the irrigation nee-
dle relative to the apical foramen, (3) size and
shape of the canal relative to the irrigation, (4)
design of the irrigation needle, and (5) the use of
positive or negative apical pressure. Interestingly,
two recent peer-reviewed articles appeared in the
April 2013 issue of the Journal of Endodontics,
and both cited venous blood pressure as a possi-
ble threshold pressure gradient to be avoided [58,
59]. Park et al. opined: “The data of the present

Periapical Pressure Gradient:
Historical Misconceptions

Until the recent Zhu et al. [10] paper, many fluid
dynamic studies modeled their experiments on
the premise that “The apical foramen was simu-
lated as a rigid and impermeable wall” [60-64].
More recent ex vivo studies consider the pressure
resistance at the apical foramen to be either “low
compliant” (atmospheric pressure) or high com-
pliant (incompressible) [24-26]. With the publi-
cation of Zhu et al. in 2013, the dental profession
has come to realize the efficacy of the intraosse-
ous (IO) fluid delivery method and now must
reevaluate safe periapical pressure gradients at
the apical foramen by including the interseptal
bone spaces that are so abundant in both arches.

Periapical Pressure Gradient:
Irrigation Needle Position
and Flow Rate

In an ex vivo study, Khan et al. [59] evaluated the
apical pressure produced with different 30-gauge
open and side-vented irrigation needles located at
WL — 1 mm from the apical termination at differ-
ent flow rates varying from 1 to >8 mL/min. The



128

G. Glassman

Fig.6.11 Apical pressures
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Khan study used an ex vivo canal initially shaped
to #35/.06 and finally to #40/.02. Boutsioukis
et al. [63] employed a similar shape #45/.06 when
building their computerized model and posi-
tioned their irrigation needles, also 30-gauge
open or side-vented, at various working length
but at constant flow rate 15.6 mL/min. In both
cases, their variables (position or rate of delivery)
produced similar results; regardless of needle
configuration, the apically directed pressure
increased proportionate to either the flow rate or
depth of insertion (Figs. 6.11 and 6.12).

Periapical Pressure Gradient:
Backflow Resistance - Needle vs.
Canal Size

Khan et al. [59] used four different needle types
for delivery irrigant via positive pressure; three
had an outside diameter of 0.31 mm (Max-i-
Probe, NaviTip, and Vpro StreamClean) while
one had an outside diameter of 0.38 mm (Vpro
EndoSafe). Irrigant was delivered at rates that
varied from 1 to >8 mL/min. The recorded pres-
sures are illustrated in Fig. 6.12. All positive
pressure needles produced increasing apical
>0 mmHg pressure proportionate to the rate of
irrigant delivery. The three 0.31 needles produced

Needle position (mm)

virtually identical apical pressure, but the 0.38
needle produced dramatically higher apical pres-
sure at the same flow rates, thus proving that
resistance to backflow is a direct result of the
total surface area available for the irrigant to
backflow. The area available for backflow
between the canal walls and the tip of a 0.31 nee-
dle is .065 mm? while the same area for a 0.38
needle is .030 mm? or 216 % less surface area.
Noting that the thickness of a normal human hair
is approximately .07 mm in diameter (the differ-
ence between the 0.31 and 0.38 needle), this
illustrates that the slightest variation in size or
depth of irrigation needles, in critical areas of the
root canal, can have profound effects on the final
apical pressure.

Periapical Pressure Gradient:
Backflow Resistance - Canal Shape

The models used by Boutsioukis et al. [63] and
Khan et al. [59] were configured as perfectly
round and tapered canals. Although their data
was consistent, the models were not representa-
tive of the true biological situation. Figure 6.13
demonstrates root canal variations at WL — 1 mm.
In the mandibular molar mesial root in Fig. 6.13a,
the left canal has limited area for backflow while
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Fig.6.12 A digital manometer was connected to the api-
cal termination of a root canal model created according to
the following parameters: (a) material =polycarbonate,
(b) WL=17 mm, (c) canal preparation #30/.06 followed
by #40/.02 at apical seat, and (d) needle position=WL —
1 mm [except macro cannula which could not be posi-
tioned closer than WL — 4 mm)]. Needle designs tested: (1)
positive pressure group=Vpro EndoSafe, Max-i-Probe,
NaviTip, and Vpro Stream Clean; (2) apical negative pres-

Fig.6.13 Apical configurations at WL — 1 mm. In keep-
ing with the findings that backflow space affects apical
pressure, the intra- and intercanal configurations shown

5.0 6.0 7.0 8.0

Rate = mL/minute

sure group=EndoVac microcannula and macro cannula.
In the case of positive pressure, the apical pressure was
directly proportionate to increased flow rate. At a flow rate
exceeding 3.5 mL/min, all positive pressure needles met
or exceed the interosseous (IO) pressure. Conversely,
regardless of irrigant flow rates, the negative pressure
groups produced a consistent, negative pressuresx —
35 mmHg (microcannula) and~ — 250 mmHg (macro
cannula) (From Khan et al. [59] and Goode et al. [79])

above illustrate different backflow scenarios: (a) mesial
root lower molar, (b) maxillary central incisor, and (c)
mesial root lower molar
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its companion canal demonstrates a fin that obvi-
ously increases the backflow area, but if this “fin”
is part of an isthmus complex, then entire com-
panion canal could offer a backflow escape route.
It is easy to see how two very different apical
pressures could be recorded from the same root
using the same needle and pressure. In the maxil-
lary anterior root in Fig. 6.13b, although the canal
is basically round, a large lateral fin is apparent
thus producing a sizeable increased backflow
escape area. In mesial root lower molar in
Fig. 6.13c, in this situation, both the mesiobuccal
and mesiolingual canals converge in the apical
millimeter. Irrigant flow directed down either
canal at this point will follow the path of least
resistance up the companion canal rather than
being forced apically. Hess [65] conclusively
demonstrated the irregularities of the root canal
system, and from the discussion in the previous
paragraph, it is apparent that the most seemingly
insignificant physical differences in internal ana-
tomical configurations produce profoundly dif-
ferent results even when all other parameters
remain constant. Unlike the findings of
Boutsioukis and Khan, when reporting their
results using human teeth, Park et al. [58] stated:
“When the 30-gauge side-vented closed-ended
needle was placed at 1 mm from the working
length, the apical pressure was unpredictable and
oscillated between low and moderate apical
pressures.”

Periapical Pressure Gradient:
Subjective Pressure Factors

A further interesting observation was also
reported in the Park experiment. The investiga-
tors prepared the mesiobuccal canals of man-
dibular molars to #35/.06 and used 30-gauge
irrigation needles (0.31 mm diameter) placed at
—1 mm from WL during one phase of the experi-
ment. Accordingly, at WL — 1 mm, the diameter
of the root canal would be 041 mm
(0.35+0.06 mm) thus leaving free space of
0.10 mm (0.41-0.31 mm) and thus making it
impossible for binding to occur. However, the
investigators noted: “When the needles were

placed at I mm from the apex, only two needles
could be placed at this level in the root canal
without binding of the needle tip. These needles
included the 30-gauge blunt open-ended
(FlexiGlide) needle and the 30-gauge side-
vented closed-ended (ProRinse) needle.”
However, according to the actual preparation
geometry vs. the size of the irrigation needle,
binding would be physically impossible. The
more likely scenario is that the operating clini-
cian experienced the sensation of binding as the
needles encountered root curvatures, thus dem-
onstrating the highly subjective nature of clini-
cal irrigation methods. It is also important to
note that even though Boutsioukis et al. [64]
reported an irrigant flow of 15.6 mL/min as a
“clinically realistic” flow rate, every one of their
apical pressures recording exceeded the intraos-
seous pressure. Furthermore, in an earlier exper-
iment Boutsioukis et al. [66] surveyed a
heterogeneous group of clinicians that included
both genders practicing as either endodontists
or general dentist and determined that their rates
of irrigant delivery varied from 1.2 to 48 mL/
min when using a 30-gauge needle, again dem-
onstrating the subjective nature of irrigant deliv-
ery techniques.

Preventing the NaOCl Endodontic
Incident

The next section will describe treating the NaOCl
incident; however, it is imperative to note that
since no specific treatment can reverse the initial
damages caused due to NaOCl [67], emphasis
must be placed on prevention. The previously
discussed experiments all proved that flow rates,
irrigation needle depth, canal shape, and clini-
cian’s subjective delivery technique each affected
the periapical pressure. Additionally, until Zhu
et al. explained the interosseous route of
vasculature infusion, the profession had not been
aware that the tissue surrounding the apical ter-
mination was not rigid and impermeable.
Recalling that Davies and Campbell [38] and
Rickles and Joshi [37] reported intravenous air
emboli arising from dental procedures as causing



6 Complications of Endodontic Irrigation: Dental, Medical, and Legal 131

patient death, it is important to examine the
Bradford et al. [68] study that examined periapi-
cal pressures produced via air delivery. Bradford
opined in (A) Results: “No needle design or
gauge proved safe to use in either round or ovoid
canals, regardless of stage of instrumentation”
and (B) Discussion: “Vacuum rather than air
under pressure, may be a superior means for
canal drying.”

Several studies have examined vacuum pres-
sure as means of delivering irrigants to the apical
termination under various clinical scenarios
(Desai, Baumgartner, Khan, and Gondim). In the
Desai study, using a totally open apex and equal-
ized atmospheric pressure, no irrigant was
expelled during any test. In the Khan study in
Fig. 6.12 using a closed system, modeled after
Bradford’s method, all pressures using apical
negative pressure recordings were less than zero
meaning not only that irrigants could not be
forced out of the root canal system but that exu-
date from the apical area can be aspirated from
the periapical area (Fig. 6.14).

Treatment of the NaOCI Extrusion
Incident

As previously stated, the initial damage from a
NaOCl extrusion incident cannot be reversed;
therefore, post-extrusion treatment is directed
toward preventing further deterioration. Each
incident must be evaluated on a case-by-case
basis because a multitude of factors must be con-
sidered including severity of the incident, aller-
gies to medications, side effects, dosing, and so
on. Physiological and systemic concerns must be
evaluated on an individual basis, for example,
respiratory embarrassment, renal damage, and so
on. Accordingly, the following general recom-
mendations are summarized from six sources
[28, 69, 70, 33, 18]:

1. Inform the patient regarding the nature of the
incident including the possible risks and
complications.

2. Hospitalization is required in all cases of
respiratory embarrassment or uncontrolled

Fig. 6.14 (a) A large palatal lesion filled with purulent exudate is aspirated (b) using apical negative pressure via the
root canal system of associated central incisor (Courtesy of Dr. Filippo Santarcangelo, Bari, Italy)
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hemorrhage or when the need for intrave-
nous medications is indicated.

3. Pain control can range from local anesthesia
to analgesics.

4. Refer to an otolaryngologist when the maxil-
lary sinus is involved or a nephrologist if the
urine appears unusually dark.

5. Use external cold compresses for one day to
reduce swelling.

6. After the first day, warm mouth rinses will
stimulate blood flow.

7. Daily recall is required to monitor recovery.

8. Antibiotics are not always required but are
reserved in cases of high risk or evidence of
secondary infection.

9. Corticosteroids are often given, but their use
is controversial.

10. Further treatment like surgical intervention,
tooth extraction, or sinus procedures must be
assessed.

Informed Consent

Fifty years ago, John Ingle published the first
modern and extremely well-referenced endodon-
tic textbook: Endodontics [71]. That all-inclu-
sive work of the day explained the use of silver
points, culturing techniques, and all that was
known about NaOCI extrusion in a single sen-
tence. “Care must be taken not to seat the needle
tightly in the canal or the solution may be forced
through the apical foramina and produce a pain-
ful apical periodontitis.” Nine years later, the
first published NaOCI report of apical extrusion
through the apex of an upper second premolar
was published; the authors described facial
swelling and bleeding into the tissue causing the
patient discomfort and distress, “However,
recovery occurred in a few days” [72]. In the
succeeding decades, endodontics materials,
methods, and technology have advanced into the
ultramodern age characterized by NiTi instru-
mentation, electronic apex locators, digital radi-
ography, endodontic microscope, CBCT
technology, and the realization that Becker’s
publication would be followed by NaOCl apical

extrusion case histories that included severe
sequelae including at least one life-threatening
event [14] and some reports of permanent facial
nerve damage [16]. In just the last two years, the
profession has learned that the direct intraosse-
ous infusion route can deliver NaOCI directly
into the circulatory system, without the need to
wedge a needle into the root canal [10].

Despite the professions’ knowledge concern-
ing the often morbid dangers relative to the
NaOClI extrusion incident, it has failed to heed
the obligation to warn the patient about the use of
NaOCl. Pelka concluded his case history:
“Because of this fact and the number of reported
cases, it is very important to include the adverse
reactions of NaOCI into the normal written infor-
mation provided to the patient before endodontic
treatment. Without such written consent, NaOCl
should not be used as an irrigation solution dur-
ing endodontic therapy.” As of this writing, the
American Association of Endodontists has a
position statement on its website entitled:
“Informed Consent Guidelines” [73]. Careful
reading of this position paper does not mention a
word about the NaOCI extrusion incident; it is
quite vague about exactly what the patient needs
to know, and it ends with a statement: ‘“These
guidelines are not to be considered legal advice.
Members should consider their own particular
needs and on the basis of those needs, draft forms
and procedures for use in their own offices.
Recognizing that state statutes regarding
informed consent vary, it is recommended that
members consult their state statutes when devel-
oping their own informed consent forms. A copy
of your state statute can be obtained from your
attorney or by writing to the local county bar
association where you practice or reside.”

Like the AAE’s position statement, it’s beyond
this author’s, editor’s, or publisher’s professional
field to offer legal advice. That said, the clinician
must also understand the therapeutic privilege
that permits clinicians to tailor (and even with-
hold) information when, but only when, its dis-
closure would so upset a patient that he or she
could not rationally engage in a conversation
about therapeutic options and consequences. The
therapeutic privilege itself can vary from state to
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state as exemplified in two different opinions.
The first is entitled: “Legal and Ethical Myths
About Informed Consent” [74]. The second is
entitled: “Don’t lie, but don’t tell the whole truth:
The Therapeutic Privilege is it ever justified?”
[75]. Accordingly, in order to arrive at a correct
and proper informed consent document relative
to the NaOCl incident, every practicing dentist
must consult his or her own attorney on a state-
by-state basis when considering all aspects of
informed consent, including the therapeutic priv-
ilege. The University of Washington School of
Law maintains a convenient resource regarding
informed consent laws in the United States on a
state-by-state basis [76].

In the alternative to an informed consent docu-
ment dealing with the NaOCIl extrusion incident,
Rochelle, an ABOTA [American Board of Trial
Advocates], has published an opinion entitled:
Has The Doctor’s Duty To Warn Been Replaced
By the Need For The Doctor To Simply Make The
Best Decision For The Patient? The entire text can
be read at this website [77]. Rochelle based his
opinion on the Johnson v. American Standard,
Inc. 43 Cal. 4th 56 (2008) case that recognized the
“sophisticated user” doctrine as a defense to both
negligence and shift product liability claims based
on failure to warn. Rochelle states that the Johnson
case is the latest in a trend of decisions that act to
relieve the manufacturer of a duty to warn the ulti-
mate user (patient) and places the duty on the doc-
tor to warn the patient. Rochelle’s opinion is
quoted in Disinfection of Root Canal Systems
[78]: “that doctor has the affirmative duty to dis-
cuss that product with the patient. Alternatively,
has medical science progressed to the degree of
specialization that the doctor has the duty to sim-
ply select the new, lesser risk device? An example
of such a newer medical device recently described
in the peer review literature is the EndoVac (Kerr
(SybronEndo) Endodontics, Orange, CA) deliv-
ery system for endodontic irrigation. Previously,
the device utilized for irrigation in the root canal
was a simple syringe to introduce sodium hypo-
chlorite into the root canal for irrigation and
debridement, an important and standard part of
endodontic treatment. While the occurrence of
sodium hypochlorite extrusion is uncommon,

under any analysis of product liability law, the
EndoVac would be the preferred alternative
device. It is superior in that, for a minimal cost, it
does not sacrifice treatment efficacy and eliminates
the risk of severe debilitating injury that can occur
from sodium hypochlorite extrusion from positive
pressure.”

Conclusion

In light of the cytotoxicity of the sodium
hypochlorite (NaOCl), its extrusion from the
root canal will affect the periapical tissue and
may cause the patient a series of complica-
tions of variable clinical significance, often
beginning with postoperative pain [21].

This does not imply that NaOCI can or
should be excluded as an endodontic irrigant;
in fact, its use is essential to achieve adequate
chemical debridement. What this does imply
is that it must be delivered safely.

Apical negative pressure devices such as
the EndoVac have been shown to enable irrig-
ants to safely reach the apical one third in
voluminous amounts and help overcome api-
cal vapor lock (air entrapment at the apical
one third) as well as remove tissue and bacte-
ria throughout the root canal system [80—-82].

Apart from being able to avoid air entrap-
ment, the EndoVac system is also advanta-
geous in its ability to deliver irrigants safely to
working length without causing their undue
extrusion into the periapex [29, 80, 83], as
long as manufacturer’s recommendations are
followed, thereby avoiding NaOCI incidents.

Note and Acknowledgement Figure 11: The pressures
recorded for the macro cannula were not reported in the
Khan study [59] but were mentioned in Goode [79] as
unpublished results. Goode coauthored the Khan study [59].

Dr. John Schoeffel, inventor and royalty recipient
(SybronEndo/Kerr Endodontics) of the EndoVac system,
originally envisioned the concept of NaOClI traveling in
the venous system after scrutinizing the Bradford study
[68] and the associated references. I am grateful for his
help in explaining the concept of intraosseous fluid deliv-
ery and the intracanal fluid dynamics that affect periapical
pressure as well as his assistance in organizing the logic
path and graphics for this chapter.

Dr. Ovidiu Cioanu (www.ovidiu.ca) produced graph-
ics4 B and C.
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