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ART AND SCIENCE OF DIAGNOSIS

Diagnosis is the art and science of detecting and distinguishing

deviations from health and the cause and nature thereof.® The

purpose of a diagnosis is to determine what problem the
patient is having and why the patient is having that problem.

Ultimately, this will directly relate to what treatment, if any,

will be necessary. No appropriate treatment recommendation

can be made until all of the whys are answered. Therefore,
careful data gathering as well as a planned, methodical, and
systematic approach to this investigatory process is crucial.

Gathering objective data and obtaining subjective findings
are not enough to formulate an accurate clinical diagnosis. The
data must be interpreted and processed to determine what
information is significant, and what information might be
questionable. The facts need to be collected with an active
dialogue between the clinician and the patient, with the clini-
cian asking the right questions and carefully interpreting the
answers. In essence, the process of determining the existence
of an oral pathosis is the culmination of the art and science of
making an accurate diagnosis.

The process of making a diagnosis can be divided into five
stages:

1. The patient tells the clinician the reasons for seeking advice.

2. The clinician questions the patient about the symptoms and
history that led to the visit.

3. The clinician performs objective clinical tests.

4. The clinician correlates the objective findings with the
subjective details and creates a tentative list of differential
diagnoses.

5. The clinician formulates a definitive diagnosis.

This information is accumulated by means of an organized
and systematic approach that requires considerable clinical
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judgment. The clinician must be able to approach the problem
by crafting what questions to ask the patient and how to ask
these pertinent questions. Careful listening is paramount to
begin painting the picture that details the patient’s complaint.
These subjective findings combined with results of diagnostic
tests provide the critical information needed to establish the
diagnosis.

Neither the art nor the science is effective alone. Establish-
ing a differential diagnosis in endodontics requires a unique
blend of knowledge, skills, and ability to interpret and interact
with a patient in real time. Questioning, listening, testing,
interpreting, and finally answering the ultimate question of
why will lead to an accurate diagnosis and in turn result in a
more successful treatment plan.

Chief Complaint

On arrival for a dental consultation, the patient should com-
plete a thorough registration that includes information pertain-
ing to medical and dental history (Figs. 1-1 and 1-2). This
should be signed and dated by the patient, as well as initialed
by the clinician as verification that all of the submitted
information has been reviewed (see Chapter 29 for more
information).

The reasons patients give for consulting with a clinician are
often as important as the diagnostic tests performed. Their
remarks serve as initial important clues that will help the clini-
cian to formulate a correct diagnosis. Without these direct and
unbiased comments, objective findings may lead to an incor-
rect diagnosis. The clinician may find a dental pathosis, but it
may not contribute to the pathologic condition that mediates
the patient’s chief complaint. Investigating these complaints
may indicate that the patient’s concerns are related to a medical
condition or to recent dental treatment. Certain patients may



TELL US ABOUT YOURSYMPTOMS

LAST NAME

FIRST NAME

1. Are you experiencing any pain at this time? If not, please go to question 6.

2.1 yes, can you locate the tooth that is causing the pain?

3. When did you first notice the symptoms?

4. Did your symptoms occur suddenly or gradually?

Yes

Yes

No

No

5. Please check the frequency and quality of the discomfort, and the number that most closely reflects the intensity of your pain:

LEVEL OF INTENSITY FREQUENCY QUALITY
(On a scale of 1 to 10)
1=Mild 10 =Severe
1.2 3 4 5 6 78 9 10 Constant ______Sharp
Intermittent _ Dul
Momentary __ Throbbing
Occasional
Is there anything you can do to relieve the pain? Yes No
If yes, what?
Is there anything you can do to cause the pain toincrease? Yes __ No_
If yes, what?
When eating or drinking, is your tooth sensitive to: Heat Cold Sweets
Does your tooth hurt when you bite down or chew? Yes No_
Does it hurt if you press the gum tissue around this tooth? Yes __ No_
Does a change in posture (lying down or bending over) cause your tooth to hurt? Yes __ No_
6. Do you grind or clench yourteeth? Yes  No_
7. If yes, do you wear a night guard? Yes  No_
8. Has a restoration (filling or crown) been placed on this tooth recently? Yes __ No_
9. Prior to this appointment, has root canal therapy been initiated on this tooth? Yes No

10. Is there anything else we should know about your teeth, gums, or sinuses that would assist us inour

diagnosis?

Signed: Patient or Parent

Date

FIG. 1-1 Dental history form that also allows the patient to record pain experience in an organized and descrip- tive manner.




TELL US ABOUT YOURHEALTH

LAST NAME FIRST NAME

How would you rate your health? Please circle one. Excellent Good Fair Poor

When did you have your last physical exam?

If you are under the care of a physician, please give reason(s) for treatment.

Physician’s Name, Address, and Telephone Number:

Name Address _ City
State Zip Telephone
Have you ever had any kind of surgery? Yes No
If yes, what kind? Date
Date
Have you ever had any trouble with prolonged bleeding after surgery? Yes No Yes No Yes
Do you wear a pacemaker or any other kind of prosthetic device? No
Are you taking any kind of medication or drugs at this time?
If yes, please give name(s) of the medicine(s) and reason(s) for taking them:
Name Reason
Have you ever had an unusual reaction to an anesthetic or drug (like penicillin)? Yes No
If yes, pl explain:
Please circle any past or present illness you have had:
Alcoholism Blood pressure Epilepsy Glaucoma Hepatitis Herpes Kidney or liver Rheumatic fever
Allergies Cancer Mental Sinusitis
Anemia Diabetes Head/Neckinjuries Immunodeficiency Migraine Ulcers
Asthma Drug dependency Heart disease Infectious diseases Respiratory Venereal disease
Are you allergic to Latex or any other substances or materials? Yes No
If so, pl explain
If female, are you pregnant? Yes No
Is there any other information that should be known about your health?
Signed: Patient or Parent Date:

FIG. 1-2 Succinct, comprehensive medical history form designedto provide insight into systemic conditions that could produce or
affect the patient's symptoms, mandate alterations in freatment modality, or change the freatment plan.




even receive initial emergency treatment for pulpal or periapi-
cal symptoms in a general hospital.”*> On occasion, the chief
complaint is simply that another clinician correctly or incor-
rectly advised the patient that he or she had a dental problem,
with the patient not necessarily having any symptoms or any
objective pathosis. Therefore, the clinician must pay close
attention to the actual expressed complaint, determine the
chronology of events that led to this complaint, and question
the patient about other pertinent issues, including medical and
dental history. For future reference and in order to ascertain a
correct diagnosis, the patient’s chief complaint should be prop-
erly documented, using the patient’s own words.

Medical History

The clinician is responsible for taking a proper medical history
from every patient who presents for treatment. Numerous
examples of medical history forms are available from a variety
of sources, or clinicians may choose to customize their own
forms. After the form is completed by the patient, or by the
parent or guardian in the case of a minor, the clinician should
review the responses with the patient, parent, or guardian and
then initial the medical history form to indicate that this review
has been done. The patient “of record” should be questioned
at each treatment visit to determine whether there have been
any changes in the patient’s medical history or medications. A
more thorough and complete update of the patient’s medical
history should be taken if the patient has not been seen for
over a year.>-2

Baseline blood pressure and pulse should be recorded for
the patient at each treatment visit. Elevation in blood pressure
or a rapid pulse rate may indicate an anxious patient who may
require a stress reduction protocol, or it may indicate that the
patient has hypertension or other cardiovascular health prob-
lems. Referral to a physician or medical facility may be indi-
cated. It is imperative that vital signs be gathered at each
treatment visit for any patient with a history of major medical
problems. The temperature of patients presenting with subjec-
tive fever or any signs or symptoms of a dental infection should
be taken‘57 80.105

The clinician should evaluate a patient’s response to the
health questionnaire from two perspectives: (1) those medical
conditions and current medications that will necessitate alter-
ing the manner in which dental care will be provided and (2)
those medical conditions that may have oral manifestations or
mimic dental pathosis.

Patients with serious medical conditions may require either
a modification in the manner in which the dental care will
be delivered or a modification in the dental treatment plan
(Box 1-1). In addition, the clinician should be aware if the
patient has any drug allergies or interactions, allergies to dental
products, an artificial joint prosthesis, organ transplants, or is
taking medications that may negatively interact with common
local anesthetics, analgesics, sedatives, and antibiotics.*® This
may seem overwhelming, but it emphasizes the importance of
obtaining a thorough and accurate medical history while con-
sidering the various medical conditions and dental treatment
modifications that may be necessary before dental treatment is
provided.

Several medical conditions have oral manifestations, which
must be carefully considered when attempting to arrive at an
accurate dental diagnosis. Many of the oral soft tissue changes
that occur are more related to the medications used to treat the
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BOX 1-1
Medical Conditions That Warrant Modification of

Dental Care or Treatment

Cardiovascular: High- and moderate-risk categories of endocarditis,
pathologic heart murmurs, hypertension, unstable angina pectoris,
recent myocardial infarction, cardiac arrhythmias, poorly managed
congestive heart failure>&.1%

Pulmonary: Chronic obstructive pulmonary disease, asthma,
tuberculosis®2

Gastrointestinal and renal: End-stage renal disease; hemodialysis; viral
hepatitis (types B, C, D, and E); alcoholic liver disease; peptic ulcer
disease; inflammatory bowel disease; pseudomembranous
colitisz34850

Hematologic: Sexually transmitted diseases, HVand ADS, diabetes
mellitus, adrenal insufficiency, hyperthyroidism and
hypothyroidism, pregnancy, bleeding disorders, cancer and
leukemia, osteoarthritis and rheumatoid arthritis, systemic lupus
erythematosus437608385,100.135

Neurologic: Cerebrovascular accident, seizure disorders, anxiety,
depression and bipolar disorders, presence or history of drug or
alcohol abuse, Alzheimer disease, schizophrenia,
eating disorders, neuralgias, multiple sclerosis, Parkinson
disease®#&

medical condition rather than to the condition itself. More
common examples of medication side effects are stomatitis,
xerostomia, petechiae, ecchymoses, lichenoid mucosal lesions,
and bleeding of the oral soft tissues.®

When developing a dental diagnosis, a clinician must also be
aware that some medical conditions can have clinical presenta-
tions that mimic oral pathologic lesions.!3:28:32.74.80.102.107.133 F g p
example, tuberculosis involvement of the cervical and subman-
dibular lymph nodes can lead to a misdiagnosis of lymph node
enlargement secondary to an odontogenic infection. Lympho-
mas can involve these same lymph nodes.® Immunocompro-
mised patients and patients with uncontrolled diabetes mellitus
respond poorly to dental treatment and may exhibit recurring
abscesses in the oral cavity that must be differentiated from
abscesses of dental origin.*-7%8082 Patients with iron deficiency
anemia, pernicious anemia, and leukemia frequently exhibit
paresthesia of the oral soft tissues. This finding may complicate
making a diagnosis when other dental pathosis is present in
the same area of the oral cavity. Sickle cell anemia has the
complicating factor of bone pain, which mimics odontogenic
pain, and loss of trabecular bone pattern on radiographs, which
can be confused with radiographic lesions of endodontic
origin. Multiple myeloma can result in unexplained mobility
of teeth. Radiation therapy to the head and neck region can
result in increased sensitivity of the teeth and osteoradionecro-
sis.® Trigeminal neuralgia, referred pain from cardiac angina,
and multiple sclerosis can also mimic dental pain (see also
Chapter 17). Acute maxillary sinusitis is a common condition
that may create diagnostic confusion because it may mimic
tooth pain in the maxillary posterior quadrant. In this situation
the teeth in the quadrant may be extremely sensitive to cold
and percussion, thus mimicking the signs and symptoms of
pulpitis. This is certainly not a complete list of all the medical
entities that can mimic dental disease, but it should alert the
clinician that a medical problem could confuse and complicate



6 PART | The Core Science of Endodontics

the diagnosis of dental pathosis; this issue is discussed in more
detail in subsequent chapters.

If, at the completion of a thorough dental examination, the
subjective, objective, clinical testing and radiographic find-
ings do not result in a diagnosis with an obvious dental origin,
then the clinician must consider that an existing medical
problem could be the true source of the pathosis. In such
instances, a consultation with the patient’s physician is always
appropriate.

Dental History

The chronology of events that lead up to the chief complaint
is recorded as the dental history. This information will help
guide the clinician as to which diagnostic tests are to be per-
formed. The history should include any past and present symp-
toms, as well as any procedures or trauma that might have
evoked the chief complaint. Proper documentation is impera-
tive. It may be helpful to use a premade form to record the
pertinent information obtained during the dental history inter-
view and diagnostic examination. Often a SOAP format is used,
with the history and findings documented under the categories
of Subjective, Objective, Appraisal, and Plan. There are also
built-in features within some practice management software
packages that allow digital entries into the patient’s electronic
file for the diagnostic workup (Figs. 1-3 and 1-4).

History of Present Dental Problem

The dialogue between the patient and the clinician should

encompass all of the details pertinent to the events that led to

the chief complaint. The clinician should direct the conversa-

tion in a manner that produces a clear and concise narrative

that chronologically depicts all of the necessary information
about the patient’s symptoms and the development of these

symptoms. To help elucidate this information, the patient is
first instructed to fill out a dental history form as a part of the

patient’s office registration. This information will help the cli-

nician decide which approach to use when asking the patient

questions. The interview first determines what is going on in
an effort to determine why is it going on for the purpose of

eventually determining what is necessary to resolve the chief
complaint.

Dental History Interview
After starting the interview and determining the nature of the
chief complaint, the clinician continues the conversation by
documenting the sequence of events that initiated the request
for an evaluation. The dental history is divided into five basic
directions of questioning: localization, commencement, inten-
sity, provocation and attenuation, and duration.

Localization. “Can you point to the offending tooth?”” Often the
patient can point to or tap the offending tooth. This is the
most fortunate scenario for the clinician because it helps
direct the interview toward the events that might have
caused any particular pathosis in this tooth. In addition,
localization allows subsequent diagnostic tests to focus
more on this particular tooth. When the symptoms are not
well localized, the diagnosis is a greater challenge.

Commencement. “When did the symptoms first occur?” A
patient who is having symptoms often remembers when
these symptoms started. Sometimes the patient will even
remember the initiating event: it may have been spontane-
ous in nature; it may have begun after a dental visit for a

restoration; trauma may be the etiology, biting on a hard
object may have initially produced the symptoms, or the
initiating event may have occurred concurrently with other
symptoms (sinusitis, headache, chest pain, etc.). However,
the clinician should resist the tendency to make a
premature diagnosis based on these circumstances. The
clinician should not simply assume “guilt by association”
but instead should use this information to enhance the
overall diagnostic process.

Intensity. “How intense is the pain?” It often helps to quantify
how much pain the patient is actually having. The clinician
might ask, “On a scale from 1 to 10, with 10 the most
severe, how would you rate your symptoms?” Hypotheti-
cally, a patient could present with “an uncomfortable sen-
sitivity to cold” or “an annoying pain when chewing” but
might rate this “pain” only as a 2 or a 3. These symptoms
certainly contrast with the type of symptoms that prevent a
patient from sleeping at night. Often the intensity can be
subjectively measured by what is necessary for the diminu-
tion of pain—for example, acetaminophen versus anarcotic
pain reliever. This intensity level may affect the decision to
treat or not to treat with endodontic therapy. Pain is now
considered a standard vital sign, and documenting pain
intensity (scale of 0 to 10) provides a baseline for compari-
son after treatment.

Provocation and attenuation. “What produces or reduces the
symptoms?” Mastication and locally applied temperature
changes account for the majority of initiating factors that
cause dental pain. The patient may relate that drinking
something cold causes the pain or possibly that chewing or
biting is the only stimulus that “makes it hurt.” The patient
might say that the pain is only reproduced on “release from
biting.” On occasion, a patient may present to the dental
office with a cold drink in hand and state that the symptoms
can only be reduced by bathing the tooth in cold water.
Nonprescription pain relievers may relieve some symptoms,
whereas narcotic medication may be required to reduce
others (see Chapter 4 for more information). Note that
patients who are using narcotic as well as non-narcotic (e.g.,
ibuprofen) analgesics may respond differently to questions
and diagnostic tests, thereby altering the validity of diag-
nostic results. Thus, it is important to know what drugs
patients have taken in the previous 4 to 6 hours. These
provoking and relieving factors may help the clinician to
determine which diagnostic tests should be performed to
establish a more objective diagnosis.

Duration. “Do the symptoms subside shortly, or do they linger
after they are provoked?” The difference between a cold
sensitivity that subsides in a few seconds and one that sub-
sides in minutes may determine whether a clinician repairs
a defective restoration or provides endodontic treatment.
The duration of symptoms after a stimulating event
should be recorded to establish how long the patient felt
the sensation in terms of seconds or minutes. Clinicians
often first test control teeth (possibly including a con-
tralateral “normal” tooth) to define a “normal” response for
the patient; thus, “lingering” pain is apparent when compar-
ing the duration between the control teeth and the sus-
pected tooth.

With the dental history interview complete, the clinician
has a better understanding of the patient’s chief complaint and
can concentrate on making an objective diagnostic evaluation,



CHAPTER 1 Diagnosis

FIG. 1-3 Whentaking adental history and performing adiagnostic examination, often apremade form can
facilitate complete and accurate documentation. (Courtesy Dr. Ravi Koka, San Francisco, CA)




8

PART |

The Core Science of Endodontics

FIG. 1-4 Several practice management software packages have features for charting endodontic diagnoses using
user-defined drop-down menus and areas for specific notations. Note that for legal purposes, it is desirable that
all recorded documentation have the ability to be locked, or if any modifications are made after 24 hours, the
fransaction should be recorded with an automated time/date stamp. This is necessary so that the data cannot be
fraudulently manipulated. (Courtesy PBS Endo, Cedar Park, TX)
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FIG. 1-5 A, Canine space swelling of the left side of the face extending into and involving the left eye. B,
Sweling of the upper lip and the loss of definition of the nasolabial fold on the patient's left side, which indicates an

early canine space infection.

although the subjective (and artistic) phase of making a diag-
nosis is not yet complete and will continue after the more
objective testing and scientific phase of the investigatory
process.

EXAMINATION AND TESTING

Extraoral Examination

Basic diagnostic protocol suggests that a clinician observe
patients as they enter the operatory. Signs of physical limita-
tions may be present, as well as signs of facial asymmetry that
result from facial swelling. Visual and palpation examinations
of the face and neck are warranted to determine whether
swelling is present. Many times a facial swelling can be deter-
mined only by palpation when a unilateral “lump or bump”
is present. The presence of bilateral swellings may be a normal
finding for any given patient; however, it may also be a sign
of a systemic disease or the consequence of a developmental
event. Palpation allows the clinician to determine whether the
swelling is localized or diffuse, firm or fluctuant. These latter
findings will play a significant role in determining the appro-
priate treatment.

Palpation of the cervical and submandibular lymph nodes
is an integral part of the examination protocol. If the nodes are
found to be firm and tender along with facial swelling and an
elevated temperature, there is a high probability that an infec-
tion is present. The disease process has moved from a localized
area immediately adjacent to the offending tooth to a more
widespread systemic involvement.

Extraoral facial swelling of odontogenic origin typically is
the result of endodontic etiology because diffuse facial swelling
resulting from a periodontal abscess is rare. Swellings of non-
odontogenic origin must always be considered in the differen-
tial diagnosis, especially if an obvious dental pathosis is not
found.”” This situation is discussed in subsequent chapters.

FIG. 1-6 Buocal space swelling associated with an acute periradicular
absoess from the mandibular left second molar.

A subtle visual change such as loss of definition of the
nasolabial fold on one side of the nose may be the earliest sign
of'a canine space infection (Fig. 1-5). Pulpal necrosis and
periradicular disease associated with a maxillary canine should
be suspected as the source of the problem. Extremely long
maxillary central incisors may also be associated with a canine
space infection, but most extraoral swellings associated with
the maxillary centrals express themselves as a swelling of the
upper lip and base of the nose.

If the buccal space becomes involved, the swelling will be
extraoral in the area of the posterior cheek (Fig. 1-6). These
swellings are generally associated with infections originating
from the buccal root apices of the maxillary premolar and
molar teeth and the mandibular premolar (Fig. 1-7) and first
molar teeth. The mandibular second and third molars may
also be involved, but infections associated with these two
teeth are just as likely to exit to the lingual where other spaces
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FIG. 1-7 A Buccal space swelling of the left side of the patient’s face. Note the asymmetry of the left side of the
face. B, Intraoral view shows swelling present in the left posterior mucobuccal fold. C, This buccal space
infection was associated with periradicular disease from the mandibular left second premolar. Note on the radio-
graph the periradicular radiolucency and large restoration associated with this - tooth.

would be involved. For infections associated with these teeth,
the root apices of the maxillary teeth must lie superior to the
attachment of the buccinator muscle to the maxilla, and the
apices of the mandibular teeth must be inferior to the buccina-
tor muscle attachment to the mandible.”

Extraoral swelling associated with mandibular incisors will
generally exhibit itself in the submental (Fig. 1-8) or subman-
dibular space. Infections associated with any mandibular teeth,
which exit the alveolar bone on the lingual and are inferior to
the mylohyoid muscle attachment, will be noted as swelling in
the submandibular space. Further discussions of fascial space
infections may be found in Chapter 14.

Sinus tracts of odontogenic origin may also open through
the skin of the face (Figs. 1-9 and 1-10).23%¢ These openings
in the skin will generally close once the offending tooth is
treated and healing occurs. A scar is more likely to be visible
on the skin surface in the area of the sinus tract stoma than on
the oral mucosal tissues (Fig. 1-10, C and D). Many patients
with extraoral sinus tracts give a history of being treated by
general physicians, dermatologists, or plastic surgeons with
systemic or topical antibiotics or surgical procedures in

FIG. 1-8 Sweling of the submental space assodated with periradicular
disease from the mandibular incisors.



FIG. 1-9 A Extraoral drainage assodiated with periradicular disease from the
mandibular right canine. Note the parulis on the right anterior side of the
face. B, Initial scar associated with the extraoral drainage incision after the
parulis was drained and root canal therapy performed on the canine.  C, Three-
month follow-up shows healing of the incision area. Note the slight inversion of
the scar tissue.

CHAPTER 1 Diagnosis 11

attempts to heal the extraoral stoma. In these particular cases,
after multiple treatment failures, the patients may finally be
referred to a dental clinician to determine whether there is a
dental cause. Raising the awareness of physicians to such cases
will aid in more accurate diagnosis and faster referral to the
dentist or endodontist.

Intraoral Examination

The intraoral examination may give the clinician insight as to
which intraoral areas may need a more focused evaluation. Any
abnormality should be carefully examined for either preven-
tion or early treatment of associated pathosis.30-75.113.110.126
Swelling, localized lymphadenopathy, or a sinus tract should
provoke a more detailed assessment of related and proximal
intraoral structures.

Soft Tissue Examination

As with any dental examination, there should be a routine
evaluation of the intraoral soft tissues. The gingiva and mucosa
should be dried with either a low-pressure air syringe or a
2-by-2-inch gauze pad. Byretracting the tongue and cheek, all
of the soft tissue should be examined for abnormalities in color
or texture. Any raised lesions or ulcerations should be docu-
mented and, when necessary, evaluated with a biopsy or
referral 22

Intraoral Swelling

Intraoral swellings should be visualized and palpated to deter-

mine whether they are diffuse or localized and whether they
are firm or fluctuant. These swellings may be present in the
attached gingiva, alveolar mucosa, mucobuccal fold, palate,

or sublingual tissues. Other testing methods are required to

determine whether the origin is endodontic, periodontic, or
a combination of these two or whether it is of nonodonto-
genic origin.

Swelling in the anterior part of the palate (Fig. 1-11) is most
frequently associated with an infection present at the apex of
the maxillary lateral incisor or the palatal root of the maxillary
first premolar. More than 50% of the maxillary lateral incisor
root apices deviate in the distal or palatal directions. A swelling
in the posterior palate (Fig. 1-12) is most likely associated with
the palatal root of one of the maxillary molars.”

Intraoral swelling present in the mucobuccal fold (Fig. 1-13)
can result from an infection associated with the apex of the root
of any maxillary tooth that exits the alveolar bone on the facial
aspect and is inferior to the muscle attachment present in that
area of the maxilla (see also Chapter 14). The same is true with
the mandibular teeth if the root apices are superior to the level
of the muscle attachments and the infection exits the bone on
the facial. Intraoral swelling can also occur in the sublingual
space if the infection from the root apex spreads to the lingual
and exits the alveolar bone superior to the attachment for the
mylohyoid muscle. The tongue will be elevated and the swell-
ing will be bilateral because the sublingual space is contiguous
with no midline separation. If the infection exits the alveolar
bone to the lingual with mandibular molars and is inferior to
the attachment of the mylohyoid muscle, the swelling will be
noted in the submandibular space. Severe infections involving
the maxillary and mandibular molars can extend into the para-
pharyngeal space, resulting in intraoral swelling of the tonsillar
and pharyngeal areas. This can be life threatening if the patient’s
airway becomes obstructed.””-8
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FIG. 1-10 A, Extraoral sinus tract opening onto the skin in the central chin area. B, Radiograph showing large
radiolucency assodiated with the mandibular incisors. C, Aculture is obtained from the drainage of the extraoral
sinus tract. D, Thehealed opening of the extraoral sinus tract 1 month after root canal therapy was completed. Note
the slight skin concavity in the area of the healed sinus  tract.

FIG. 1-11 Fluctuant sweling in the anterior palate assodiated with perira-
dicular disease from the palatal root of the maxillary first premolar.

Intraoral Sinus Tracts
On occasion, a chronic endodontic infection will drain through
an intraoral communication to the gingival surface and is
known as a sinus tract.’> This pathway, which is sometimes
lined with epithelium, extends directly from the source of the
infection to a surface opening, or stoma, on the attached
gingival surface. Aspreviously described, it can also extend
extraorally. The term fistula is often inappropriately used to
describe this type of drainage. The fistula, by definition, is
actually an abnormal communication pathway between two
internal organs or from one epithelium-lined surface to another
epithelium-lined surface.®

Histologic studies have found that most sinus tracts are not
lined with epithelium throughout their entire length. One
study found that only 1 out of the 10 sinus tracts examined
were lined with epithelium, whereas the other nine specimens
were lined with granulation tissue.’® Another study, with a
larger sample size, found that two thirds of the specimens did
not have epithelium extending beyond the level of the surface
mucosa rete ridges.”? The remaining specimens had some



FIG. 1-12 Fuctuant sweliing in the posterior palate assodiated with peri-
radicular disease from the palatal root of the maxillary first molar.

FIG. 1-13 Fuctuant sweling in the mucobuccal fold assodiated with peri-
radicular disease from the maxillary central incisor.

epithelium that extended from the oral mucosa surface to the
periradicular lesion.!2 The presence or absence of an epithelial
lining does not seem to prevent closure of the tract as long as
the source of the problem is properly diagnosed and adequately
treated and the endodontic lesion has healed. Failure of a sinus
tract to heal after treatment will necessitate further diagnostic
procedures to determine whether other sources of infection are
present or whether a misdiagnosis occurred.

In general, a periapical infection that has an associated sinus
tract is not painful, although often there is a history of varying

CHAPTER 1 Diagnosis 13

magnitudes of discomfort before sinus tract development.
Besides providing a conduit for the release of infectious exudate
and the subsequent relief of pain, the sinus tract can also
provide a useful aid in determining the source of a given infec-
tion. Sometimes objective evidence as to the origin of an odon-
togenic infection is lacking. The stoma of the sinus tract may
be located directly adjacent to or at a distant site from the
infection. Tracing the sinus tract will provide objectivity in
diagnosing the location of the problematic tooth. To trace the
sinus tract, a size #25 or #30 gutta-percha cone is threaded into
the opening of the sinus tract. Although this may be slightly
uncomfortable to the patient, the cone should be inserted until
resistance is felt. After a periapical radiograph is exposed, the
origin of the sinus tract is determined by following the path
taken by the gutta-percha cone (Fig. 1-14). This will direct the
clinician to the tooth involved and, more specifically, to the
root of the root of the tooth that is the source of the pathosis.
Once the causative factors related to the formation of the sinus
tract are removed, the stoma and the sinus tract will close
within several days.

The stomata of intraoral sinus tracts may open in the alveo-
lar mucosa, in the attached gingiva, or through the furcation
or gingival crevice. They may exit through either the facial or
the lingual tissues depending on the proximity of the root
apices to the cortical bone. If the opening is in the gingival
crevice, it is normally present as a narrow defect in one or two
isolated areas along the root surface. When a narrow defect is
present, the differential diagnosis must include the opening of
a periradicular endodontic lesion, a vertical root fracture, or
the presence of a developmental groove on the root surface.
This type of sinus tract can be differentiated from a primary
periodontal lesion because the latter generally presents as a
pocket with a broad coronal opening and more generalized
alveolar bone loss around the root. Other pulp testing methods
may assist in verifying the source of infection.! 112121

Palpation

In the course of the soft tissue examination, the alveolar hard
tissues should also be palpated. Emphasis should be placed
on detecting any soft tissue swelling or bony expansion, espe-
cially noting how it compares with and relates to the adjacent
and contralateral tissues. In addition to objective findings,
the clinician should question the patient about any areas that
feel unusually sensitive during this palpation part of the
examination.

Apalpation test is performed by applying firm digital pres-
sure to the mucosa covering the roots and apices. The index
finger is used to press the mucosa against the underlying corti-
cal bone. This will detect the presence of periradicular abnor-
malities or specific areas that produce painful response to
digital pressure. A positive response to palpation may indicate
an active periradicular inflammatory process. This test does
not indicate, however, whether the inflammatory process is of
endodontic or periodontal origin.

Percussion

Referring back to the patient’s chief complaint may indicate the
importance of percussion testing for this particular case. If the
patient is experiencing acute sensitivity or pain on mastication,
this response can typically be duplicated by individually per-
cussing the teeth, which often isolates the symptoms to a
particular tooth. Pain to percussion does not indicate that the
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FIG. 1-14 A, Tolocate the source of aninfection, the sinus tract can be
traced by threading the stomawith a gutta-percha point. B, Radiograph of
the area shows an old root canal in amaxillary second premolar and aques-
tionable radiolucent area associated with the first premolar, with no clear
indication of the etiology of the sinus tract. C, After tracing the sinus tract,
the gutta-percha is seen to be directed to the source of pathosis, the apex of
the maxilary first premolar.

FIG. 1-15 Percussiontesting of atooth, using the back end of amirror handle.

tooth is vital or nonvital but is rather an indication of inflam-
mation in the periodontal ligament (i.e., symptomatic apical
periodontitis). This inflammation may be secondary to physi-
cal trauma, occlusal prematurities, periodontal disease, or the
extension of pulpal disease into the periodontal ligament
space. The indication of where the pain originates is inter-
preted by the mesencephalic nucleus, receiving its information
from proprioceptive nerve receptors. Although subject to
debate, the general consensus is that there are relatively few
proprioceptors in the dental pulp; however, they are prevalent
in the periodontal ligament spaces.?* This is why it may be
difficult for the patient to discriminate the location of dental
pain in the earlier stages of pathosis, when only the C fibers
are stimulated. Once the disease state extends into the peri-
odontal ligament space, the pain may become more localized
for the patient; therefore, the affected tooth will be more iden-
tifiable with percussion and mastication testing.

Before percussing any teeth, the clinician should tell the
patient what will transpire during this test. Because the pres-
ence of acute symptoms may create anxiety and possibly alter
the patient’s response, properly preparing the patient will lead
to more accurate results. The contralateral tooth should first
be tested as a control, as should several adjacent teeth that are
certain to respond normally. The clinician should advise the
patient that the sensation from this tooth is normal and ask to
be advised of any tenderness or pain from subsequent teeth.

Percussion is performed by tapping on the incisal or occlu-
sal surfaces of the teeth either with the finger or with a blunt
instrument. The testing should initially be done gently, with
light pressure being applied digitally with a gloved finger
tapping. If the patient cannot detect significant difference
between any of the teeth, the test should be repeated using the
blunt end of an instrument, like the back end of a mirror
handle (Fig. 1-15). The tooth crown is tapped vertically and
horizontally. The tooth should first be percussed occlusally,
and if the patient discerns no difference, the test should be
repeated, percussing the buccal and lingual aspects of the teeth.
For any heightened responses, the test should be repeated as
necessary to determine that it is accurate and reproducible, and
the information should be documented.

Although this test does not disclose the condition of the
pulp, it indicates the presence of a periradicular inflammation.



FIG. 1-16 Mobility testing of atooth, using the back ends of two mirror
handies.

An abnormal positive response indicates inflammation of the
periodontal ligament that may be of either pulpal or periodon-
tal origin. The sensitivity of the proprioceptive fibers in an
inflamed periodontal ligament will help identify the location
of the pain. This test should be done gently, especially in highly
sensitive teeth. It should be repeated several times and com-
pared with control teeth.

Mobility

Like percussion testing, an increase in tooth mobility is not an
indication of pulp vitality. It is merely an indication of a com-
promised periodontal attachment apparatus. This compromise
could be the result of acute or chronic physical trauma, occlu-
sal trauma, parafunctional habits, periodontal disease, root
fractures, rapid orthodontic movement, or the extension of
pulpal disease, specifically an infection, into the periodontal
ligament space. Tooth mobility is directly proportional to the
integrity of the attachment apparatus or to the extent of inflam-
mation in the periodontal ligament. Often the mobility reverses
to normal after the initiating factors are repaired or eliminated.
Because determining mobility by simple finger pressure can be
visually subjective, the back ends of two mirror handles should
be used, one on the buccal aspect and one on the lingual aspect
of the tooth (Fig. 1-16). Pressure is applied in a facial-lingual
direction as well as in a vertical direction and the tooth mobil-
ity is scored (Box 1-2). Any mobility that exceeds +1 should
be considered abnormal. However, the teeth should be evalu-
ated on the basis of how mobile they are relative to the adjacent
and contralateral teeth.

Periodontal Examination

Periodontal probing is an important part of any intraoral diag-
nosis. The measurement of periodontal pocket depth is an
indication of the depth of the gingival sulcus, which corre-
sponds to the distance between the height of the free gingival
margin and the height of the attachment apparatus below.
Using a calibrated periodontal probe, the clinician should
record the periodontal pocket depths on the mesial, middle,
and distal aspects of both the buccal and lingual sides of the
tooth, noting the depths in millimeters. The periodontal probe
is “stepped” around the long axis of the tooth, progressing in
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BOX 1-2
Recording Tooth Mobility

+1 mobility: The first distinguishable sign of movement greater than
nomal

+2 mobility: Horizontal tooth movement no greaterthan1  mm

+3 mobility: Horizontal tooth movement greater than 1 mm, with or
without the visualization of rotation or vertical depressability

BOX 1-3
Recording Furcation Defects

Class I furcation defect: Thefurcation can be probed but notto a
significant depth.

Class Il furcation defect: Thefurcation can be entered into but
cannot be probed completely through to the opposite side.

Class lll furcation defect: Thefurcation can be probed completely
through to the opposite side.

1-mm increments. Periodontal bone loss that is wide, as deter-
mined by a wide span of deep periodontal probings, is gener-
ally considered to be of periodontal origin and is typically more
generalized in other areas of the mouth. However, isolated
areas of vertical bone loss may be of an endodontic origin,
specifically from a nonvital tooth whose infection has extended
from the periapex to the gingival sulcus. Again, proper pulp
testing is imperative, not just for the determination of a diag-
nosis but also for the development of an accurate prognosis
assessment. For example, a periodontal pocket of endodontic
origin may resolve after endodontic treatment, but if the tooth
was originally vital with an associated deep periodontal pocket,
endodontic treatment will not improve the periodontal condi-
tion. In addition, as discussed in Chapter 21, a vertical root
fracture may often cause a localized narrow periodontal pocket
that extends deep down the root surface. Characteristically, the
adjacent periodontium is usually within normal limits.

Furcation bone loss can be secondary to periodontal or
pulpal disease. The amount of furcation bone loss, as observed
both clinically and radiographically, should be documented
(Box 1-3). Results of pulp tests (described later) will aid in
diagnosis.

Pulp Tests

Pulp testing involves attempting to make a determination of
the responsiveness of pulpal sensory neurons.®2% The tests

involve thermal or electrical stimulation of a tooth in order to

obtain a subjective response from the patient (i.e., to determine
whether the pulpal nerves are functional), or the tests may
involve a more objective approach using devices that detect the
integrity of the pulpal vasculature. Unfortunately, the quantita-
tive evaluation of the status of pulp tissue can only be deter-
mined histologically, as it has been shown that there is not
necessarily a good correlation between the objective clinical
signs and symptoms and the pulpal histology.'22123

Thermal
Various methods and materials have been used to test the pulp’s
response to thermal stimuli. The baseline or normal response
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to either cold or hot is a patient’s report that a sensation is felt
but disappears immediately upon removal of the thermal stim-
ulus. Abnormal responses include a lack of response to the
stimulus, a lingering or intensification of a painful sensation
after the stimulus is removed, or an immediate, excruciatingly
painful sensation as soon as the stimulus is placed on the tooth.
Cold testing is the primary pulp testing method used by
many clinicians today. It is especially useful for patients pre-
senting with porcelain jacket crowns or porcelain-fused-to-
metal crowns where no natural tooth surface (or much metal)
is accessible. If a clinician chooses to perform this test with
sticks of ice, then the use of a rubber dam is recommended,
because melting ice will run onto adjacent teeth and gingiva,
yielding potentially false-positive responses.

Frozen carbon dioxide (CO), also known as dry ice or
carbon dioxide snow, or CO;stick, has been found to be reliable
in eliciting a positive response if vital pulp tissue is present in
the tooth.#*%2° One study found that vital teeth would respond
to both frozen CO, and skin refrigerant, with skin refrigerant
producing a slightly quicker response.® Frozen carbon dioxide
has also been found to be effective in evaluating the pulpal
response in teeth with full coverage crowns for which other
tests such as electric pulp testing is not possible."! For testing
purposes, a solid stick of CO; is prepared by delivering CO,
gas into a specially designed plastic cylinder (Fig. 1-17). The

FIG. 1-17 A Carbondioxide tank with apparatus attached to form solid CO,
stick/pencil. B, COgas being fransformed into asolid stick/pencil. C, CO,
stick/pencil extruded from end of a plastic carrier and ready for use.

resulting CO; stick is applied to the facial surface of either the
natural tooth structure or crown. Several teeth can be tested
with a single CO, stick. The teeth should be isolated and the
oral soft tissues should be protected with a 2-by-2-inch gauze

or cotton roll so the frozen CO, will not come into contact
with these structures. Because of the extremely cold tempera-

ture of the frozen CO, (-69°F to -119°F; -56°C to -98°C),
burns of the soft tissues can occur. It has been demonstrated
on extracted teeth that frozen CO, application has resulted in

a significantly greater intrapulpal temperature decrease than
either skin refrigerant or ice.!! Also, it appears that the applica-
tion of CO, to teeth does not result in any irreversible damage
to the pulp tissues or cause any significant enamel crazing.5-!%*

The most popular method of performing cold testing is with
a refrigerant spray. It is readily available, easy to use, and pro-
vides test results that are reproducible, reliable, and equivalent
to that of frozen CQO,.%0:6096.141 Qne of the current products
contains 1,1,1,2-tetrafluoroethane, which has zero ozone
depletion potential and is environmentally safe. It has a
temperature of -26.2°C.%¢ The spray is most effective for
testing purposes when it is applied to the tooth on a large #2
cotton pellet (Fig. 1-18). In one study,® a significantly lower
intrapulpal temperature was achieved when a #2 cotton pellet
was dipped or sprayed with the refrigerant compared with the
result when a small #4 cotton pellet or cotton applicator was
used. The sprayed cotton pellet should be applied to the mid-
facial area of the tooth or crown. As with any other pulp testing
method, adjacent or contralateral “normal” teeth should also
be tested to establish a baseline response. It appears that frozen
CO; and refrigerant spray are superior to other cold testing
methods and equivalent or superior to the electric pulp tester
for assessing pulp vitality.*© However, one study found that
periodontal attachment loss and gingival recession may influ-
ence the reported pain response with cold stimuli.!'®

To be most reliable, cold testing should be used in conjunc-
tion with an electric pulp tester (described later in this chapter)
so that the results from one test will verify the findings of the
other test. If a mature, nontraumatized tooth does not respond
to both cold testing and electric pulp testing, then the pulp
should be considered necrotic.2:2%14l However, a multirooted
tooth, with at least one root containing vital pulp tissue, may
respond to a cold test and electric pulp test even if one or more
of the roots contain necrotic pulp tissue.?

Another thermal testing method involves the use of heat.
Heat testing is most useful when a patient’s chief complaint is
intense dental pain on contact with any hot liquid or food.
When a patient is unable to identify which tooth is sensitive,
a heat test is appropriate. Starting with the most posterior tooth
in that area of the mouth, each tooth is individually isolated
with a rubber dam. An irrigating syringe is filled with a liquid
(most commonly plain water) that has a temperature similar
to that which would cause the painful sensation. The liquid is
then expressed from the syringe onto the isolated tooth to
determine whether the response is normal or abnormal. The
clinician moves forward in the quadrant, isolating each indi-
vidual tooth until the offending tooth is located. That tooth
will exhibit an immediate, intense painful response to the heat.
With heat testing, a delayed response may occur, so waiting 10
seconds between each heat test will allow sufficient time for
the onset of symptoms. This method can also be used to apply
cold water to the entire crown for cases in which cold is the
precipitating stimulus.
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FIG.1-18 A Refiigerant spray container. B, A large cotton pellet made of a cotton roll or a ready-made size
#?2 (large) cotton pellet can be used to apply the refrigerant spray to the tooth surface. The small #4 cotton pellet
does not provide as much surface area as the #2 cotton pellet, and therefore should not be used to deliver the
refrigerant to the tooth surface. C, Alarge cotton pellet sprayed with the refrigerant and ready to be applied to
the tooth surface. (A, Courtesy ColteneMVhaledent, Cuyahoga Falls, OH)

Another method for heat testing is to apply heated gutta- percha or compound stick to the surface of the
tooth. If this method is used, a light layer of lubricant should be placed onto the tooth surface before applying
the heated material to prevent the hot gutta-percha or compound from adhering to the dry tooth surface.
Heat can also be generated by the friction created when a dry rubber-polishing wheel is run at a high
speed against the dry surface of a tooth. However, this latter method is seldom used today and is not
recommended. Another approach is the use of electronic heat-testing instruments.2’

If the heat test confirms the results of other pulp testing procedures, emergency care can then be provided.
Often a tooth that is sensitive to heat may also be responsible for some spontaneous pain. The patient may
present with cold liquids in hand just to minimize the pain (Fig. 1-19). In such cases, the application of
cold to a specific tooth may eliminate the pain and greatly assist in the diagnosis. Typically, a tooth that
responds to heat and then is relieved by cold is found to be necrotic.

Electric

Assessment of pulp neural responses (vitality) can also be FIG. 1-19 Imeversible pulpitis associated with the mandibular right second
accomplished by electric pulp testing.”” Electric pulp testers of molar. Patient has found that the only wayto alleviate the pain is to place a
different designs and manufacturers have been used for this jarfilled with ice water against the right side of hisface.

purpose. Electric pulp testers should be an integral part of any

dental practice. It should be noted that the vitality of the pulp

is determined by the intactness and health ofthe vascular

supply, not by the status of the pulpal nerve fibers. Even though
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BOX 1-4
Potential Common Interpretation Errors of

Responses Obtained from Electric Pulp Testing

False-Positive Responses Partial pulp
necrosis Patient's high anxiety Ineffective tooth
isolation

Contactwith metal restorations

False-Negative Responses

Calcific obliterations in the root canals Recently
traumatized teeth

Immature apex

Drugs that increase patient’s threshold for pain
Poor contact of pulp tester to tooth

advances are being made with regard to determining the vital-
ity of the pulp on the basis of the blood supply, this technology
has not been perfected enough at this time to be used on a
routine basis in a clinical setting.

The electric pulp tester has some limitations in providing
predictable information about the vitality of the pulp. The
response of the pulp to electric testing does not reflect the
histologic health or disease status of the pulp.'22123 Aresponse
by the pulp to the electric current only denotes that some
viable nerve fibers are present in the pulp and are capable of
responding. Numeric readings on the pulp tester have signifi-
cance only if the number differs significantly from the readings
obtained from a control tooth tested on the same patient with
the electrode positioned at a similar area on both teeth.
However, in most cases, the response is scored as either present
or absent. Studies!?2!23 have shown that electric pulp test
results are most accurate when no response is obtained to any
amount of electric current. This lack of response has been
found most frequently when a necrotic pulp is present. In
addition, false-positive and false-negative responses can occur
(Box 1-4), and the clinician must take it into account when
formulating the final diagnosis.

The electric pulp tester will not work unless the probe can
be placed in contact with or be bridged to the natural tooth
structure.”> With the advent of universal precautions for infec-
tion control, the use of rubber gloves prevents the clinician
from completing the circuit.” Some pulp testers may require
the patient to place a finger, or fingers, on the tester probe to
complete the electric circuit; however, the use of lip clips is an
alternative to having patients hold the tester. Proper use of the
electric pulp tester requires the evaluated teeth to be carefully
isolated and dried. Acontrol tooth of similar tooth type and
location in the arch should be tested first in order to establish
a baseline response and to inform the patient as to what a
“normal” sensation is. The suspected tooth should be tested at
least twice to confirm the results. The tip of the testing probe
that will be placed in contact with the tooth structure must be
coated with a water- or petroleum-based medium.*® The most
commonly used medium is toothpaste. The coated probe tip is
placed in the incisal third of the facial or buccal area of the
tooth to be tested.® Once the probe is in contact with the
tooth, the patient is asked to touch or grasp the tester probe,
unless a lip clip is used (Fig. 1-20, 4). This completes the
circuit and initiates the delivery of electric current to the tooth.

B

FIG. 1-20 A Electric pulp tester with probe. The probe tip will be coated with
aoonducive medium such as toothpaste and placed in contact with the  tooth
surface. The patient will activate the unit by placing a finger on the metal shaft
of the probe. B, View of the electric pulp tester control panel; the knob on
the front right of the unit controls the rate at which the electric current is
delivered to the tooth. Theplastic panel onthe left front displays the digital
numerical reading obtained from the pulp test. Thedigital scale runs from O

0 80. (Courtesy SybronEndo, Orange, CA)

The patient is instructed to remove his or her finger(s) from
the probe when a “tingling” or “warming” sensation is felt in
the tooth. The readings from the pulp tester are recorded
(Fig. 1-20, B) and will be evaluated once all the appropriate
teeth have been tested by the electric pulp tester and the other
pulp testing methods.

If a complete coverage crown or extensive restoration is
present, a bridging technique can be attempted to deliver the
electric current to any exposed natural tooth structure.” The
tip of an endodontic explorer is coated with toothpaste or other
appropriate medium and placed in contact with the natural
tooth structure. The tip of the electric pulp tester probe is
coated with a small amount of toothpaste and placed in contact
with the side of the explorer. The patient completes the circuit
and the testing proceeds as described previously. If no natural
tooth structure is available, then an alternative pulp testing
method, such as cold, should be used.

One study compared the ability of thermal and electric pulp
testing methods to register the presence of vital pulp tissue.?
The sensitivity, which is the ability of a test to identify teeth
that are diseased, was 0.83 for the cold test, 0.86 for heat test,



and 0.72 for the electric test. This means the cold test correctly
identified 83% of the teeth that had a necrotic pulp, whereas
heat tests were correct 86% of the time and electric pulp tests
were correct only 72% of the time. This same study evaluated
the specificity of these three tests. Specificity relates to the
ability of a test to identify teeth without disease. Ninety-three
percent of teeth with healthy pulps were correctly identified by
both the cold and electric pulp tests, whereas only 41% of the
teeth with healthy pulps were identified correctly by the heat
test. From the results of the testing, it was found that the cold

test had an accuracy of 86%, the electric pulp test 81%, and
the heat test 71%.

Some studies have indicated there might not be a significant
difference between pulp testing results obtained by electric
pulp tester and those obtained by the thermal methods.*-28:2
Cold tests, however, have been shown to be more reliable than
electric pulp tests in younger patients with less developed root
apices.>#2%8 This is the reason to verify the results obtained by
one testing method and compare them with results obtained
by other methods. Until such time that the testing methods
used to assess the vascular supply of the pulp become less time
consuming and technique sensitive, thermal and electric pulp
testing will continue to be the primary methods for determin-
ing pulp vitality.

Laser Doppler Flowmetry

Laser Doppler flowmetry (LDF) is a method used to assess
blood flow in microvascular systems. Attempts are being made
to adapt this technology to assess pulpal blood flow. Adiode
is used to project an infrared light beam through the crown
and pulp chamber of a tooth. The infrared light beam is scat-
tered as it passes through the pulp tissue. The Doppler prin-

ciple states that the light beam’s frequency will shift when
hitting moving red blood cells but will remain unshifted as it
passes through static tissue. The average Doppler frequency
shift will measure the velocity at which the red blood cells are

moving.1**

Several studies?-00:0%84114115.117 haye found LDF to be an
accurate, reliable, and reproducible method of assessing pulpal
blood flow. One of the great advantages of pulp testing with
devices such as the LDF is that the collected data are based on
objective findings rather than subjective patient responses. As
is discussed in Chapter 20, certain luxation injuries will cause
inaccuracies in the results of electric and thermal pulp testing.
LDF has been shown to be a great indicator for pulpal vitality
in these cases.”’ This technology, however, is not being used
routinely in the dental practice.

Pulse Oximetry

The pulse oximeter is another noninvasive device (Fig. 1-21).

Widely used in medicine, it is designed to measure the oxygen
concentration in the blood and the pulse rate. A pulse oximeter
works by transmitting two wavelengths of light, red and infra-

red, through a translucent portion of a patient’s body (e.g., a
finger, earlobe, or tooth). Some of the light is absorbed as it

passes through the tissue; the amount absorbed depends on the

ratio of oxygenated to deoxygenated hemoglobin in the blood.

On the opposite side of the targeted tissue, a sensor detects the

absorbed light. On the basis of the difference between the light
emitted and the light received, a microprocessor calculates
the pulse rate and oxygen concentration in the blood.!'* The
transmission of light to the sensor requires that there be no
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FIG. 1-21 Nellcor OxiViaxN-600x pulse oximeter. (Courtesy Nelloor Puritan
Bennett, Boulder, CO; now partof Covidien.)

obstruction from restorations, which can sometimes limit the
usefulness of pulse oximetry to test pulp vitality.

Custom-made sensors have been developed and were found
to be more accurate than electric and thermal pulp tests.31:
This sensor has been especially useful in evaluating teeth that
have been subjected to traumatic injuries, as such teeth tend
to present, especially in the short term, with questionable vital-
ity using conventional pulp testing methods 83133

Studies regarding the ability of pulse oximetry to diagnose
pulp vitality draw various conclusions. Several studies have
found pulse oximetry to be a reliable method for assessing pulp
vitality 0270118125140 Qthers have stated that in its present form
the pulse oximeter may not be predictable in diagnosing pulp
vitality. Most of the problems appear to be related to the
currently available technology. Some investigators have con-
cluded that the devices used for pulp testing are too cumber-
some and complicated to be used on a routine basis in a dental
practice.68.118.140

Special Tests

Bite Test
Percussion and bite tests are indicated when a patient presents
with pain while biting. On occasion, the patient may not know
which tooth is sensitive to biting pressure, and percussion and
bite tests may help to localize the tooth involved. The tooth
may be sensitive to biting when the pulpal pathosis has
extended into the periodontal ligament space, creating a symp-
tomatic apical periodontitis, or the sensitivity may be present
secondary to a crack in the tooth. The clinician can often dif-
ferentiate between periradicular periodontitis and a cracked
tooth or fractured cusp. If periradicular periodontitis is present,
the tooth will respond with pain to percussion and biting tests
regardless of where the pressure is applied to the coronal part
of the tooth. Acracked tooth or fractured cusp will typically
elicit pain only when the percussion or bite test is applied in
a certain direction to one cusp or section of the tooth.22:10¢
For the bite test to be meaningful, a device should be used
that will allow the clinician to apply pressure to individual
cusps or areas of the tooth. A variety of devices have been used
for bite tests, including cotton tip applicators, toothpicks,
orangewood sticks, and rubber polishing wheels. There are
several devices specifically designed to perform this test. The
Tooth Slooth (Professional Results, Laguna Niguel, CA)
(Fig. 1-22) and FracFinder (Hu-Friedy, Oakbrook, IL) are just
two of the commercially available devices used for the bite test.
As with all pulp tests, adjacent and contralateral teeth should
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FIG. 1-22 Todetermine which tooth, or tooth part, is sensitive to mastica-
tion, having the patient bite on a specially designed bite stick is often  helpful.

be used as controls so that the patient is aware of the “normal”
response to these tests. The small cupped-out area on these
instruments is placed in contact with the cusp to be tested. The
patient is then asked to apply biting pressure with the opposing
teeth to the flat surface on the opposite side of the device. The

biting pressure should be applied slowly until full closure is
achieved. The firm pressure should be applied for a few
seconds; the patient is then asked to release the pressure
quickly. Each individual cusp on a tooth can be tested in a like
manner. The clinician should note whether the pain is elicited
during the pressure phase or on quick release of the pressure.
Acommon finding with a fractured cusp or cracked tooth is
the frequent presence of pain upon release of biting pressure.

Test Cavity

The test cavity method for assessing pulp vitality is not rou-
tinely used since, by definition, it is an invasive irreversible
test. This method is used only when all other test methods are
deemed impossible or the results of the other tests are incon-
clusive. An example of a situation in which this method can
be used is when the tooth suspected of having pulpal disease
has a full coverage crown. If no sound tooth structure is avail-
able to use a bridging technique with the electric pulp tester
and cold test results are inconclusive, a small class I cavity
preparation is made through the occlusal surface of the crown.
This is accomplished with a high-speed #1 or #2 round bur
with proper air and water coolant. The patient is not anesthe-
tized while this procedure is performed, and the patient is
asked to respond if any painful sensation is felt during the
drilling procedure. If the patient feels pain once the bur con-
tacts sound dentin, the procedure is terminated and the class
I cavity preparation is restored. This sensation signifies only
that there is some viable nerve tissue remaining in the pulp,
not that the pulp is totally healthy. If the patient fails to feel
any sensation when the bur reaches the dentin, this is a good
indication that the pulp is necrotic and root canal therapy is
indicated.

Staining and Transillumination
To determine the presence of a crack in the surface of a tooth,
the application of a stain to the area is often of great assistance.

It may be necessary to remove the restoration in the tooth to
better visualize a crack or fracture. Methylene blue dye, when
painted on the tooth surface with a cotton tip applicator, will
penetrate into cracked areas. The excess dye may be removed
with a moist application of 70% isopropyl alcohol. The dye will
indicate the possible location of the crack.

Transillumination using a bright fiberoptic light probe to
the surface of the tooth may be very helpful (Fig. 1-23). Direct-
ing a high-intensity light directly on the exterior surface of the
tooth at the cementum-enamel junction (CEJ) may reveal the
extent of the fracture. Teeth with fractures block transillumi-
nated light. The part of the tooth that is proximal to the light
source will absorb this light and glow, whereas the area beyond
this fracture will not have light transmitted to it and will show
as gray by comparison.'”! Although the presence of a fracture
may be evident using dyes and transillumination, the depth of
the fracture cannot always be determined.

Selective Anesthesia

When symptoms are not localized or referred, the diagnosis
may be challenging. Sometimes the patient may not even be
able to specify whether the symptoms are emanating from the
maxillary or mandibular arch. In these instances, when pulp
testing is inconclusive, selective anesthesia may be helpful.

If the patient cannot determine which arch the pain is
coming from, then the clinician should first selectively anes-
thetize the maxillary arch. This should be accomplished by
using a periodontal ligament (intraligamentary) injection. The
injection is administered to the most posterior tooth in the
quadrant of the arch that may be suspected, starting from
the distal sulcus. The anesthesia is subsequently administered
in an anterior direction, one tooth at a time, until the pain is
eliminated. If the pain is not eliminated after an appropriate
period of time, then the clinician should similarly repeat this
technique on the mandibular teeth below. It should be under-
stood that periodontal ligament injections may anesthetize an
adjacent tooth and thus are more useful for identifying the arch
rather than the specific tooth.

Radiographic Examination and
Interpretation

Intraoral Radiographs

The radiographic interpretation of a potential endodontic
pathosis is an integral part of endodontic diagnosis and prog-
nosis assessment. Few diagnostic tests provide as much useful
information as dental radiography. For this reason, the clini-
cian is sometimes tempted to prematurely make a definitive
diagnosis based solely on radiographic interpretation. However,
the image should be used only as one sign, providing important
clues in the diagnostic investigation. When not coupled with
a proper history and clinical examination and testing, the
radiograph alone can lead to a misinterpretation of normality
and pathosis (Fig. 1-24). Because treatment planning will ulti-
mately be based on the diagnosis, the potential for inappropri-
ate treatment may frequently exist if the radiograph alone is
used for making final diagnosis. The clinician should not
subject the patient to unnecessary multiple radiation expo-
sures; two pretreatment images from different angulations are
often sufficient. Under extenuating circumstances, however,
especially when the diagnosis is difficult, additional exposures
may be necessary to determine the presence of multiple roots,
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FIG. 1-23 Sometimes there is no clear indication of why atooth is symptomatic. This radiograph shows a
mandibular second molar with amoderately deep restoration (A); the pulp tests nonvital. Without any transillu-
mination, a fracture cannot be detected (B). However, by placing a high-intensity light source on the tooth surface,
a root fracture can be observed on the buccal surface (C) and the distal-ingual surface (D).

multiple canals, resorptive defects, caries, restoration defects,
root fractures, and the extent of root maturation and apical
development.

The radiographic appearance of endodontic pathosis can
sometimes be highly subjective. In a study by Goldman and
colleagues, there was only 50% agreement among interpreters
for the radiographic presence of pathosis.*> When the cases
were reevaluated several months later, the same evaluators
agreed with their own original diagnosis less than 85% of the
time.?® This further emphasizes the necessity for additional
objective diagnostic tests, as well as the importance of obtain-
ing and comparing older radiographs.

For standard two-dimensional radiography, clinicians basi-
cally project x-radiation through an object and capture the
image on a recording medium, either x-ray film or a digital
sensor. Much like casting a shadow from a light source, the
image appearance may vary greatly depending on how the
radiographic source is directed. Thus, the three-dimensional
interpretation of the resulting two-dimensional image requires
not only knowledge of normality and pathosis but also advanced
knowledge of how the radiograph was exposed. By virtue of
“casting a shadow,” the anatomic features that are closest to the

film (or sensor) will move the least when there is a change in
the horizontal or vertical angulation of the radiation source
(Fig. 1-25). This may be helpful in determining the existence
of additional roots, the location of pathosis, and the unmasking
of anatomic structures. Changes in the horizontal or vertical
angulation may help elucidate valuable anatomic and patho-
logic information; it also has the potential to hide important
information. An incorrect vertical angulation may cause the
buccal roots of a maxillary molar to be masked by the zygomatic
arch. An incorrect horizontal angulation may cause roots to
overlap with the roots of adjacent teeth, or it may incorrectly
create the appearance of a one-rooted tooth, when two roots
are actually present.

In general, when endodontic pathosis appears radiographi-
cally, it appears as bone loss in the area of the periapex. The
pathosis may present merely as a widening or break in the
lamina dura—the most consistent radiographic finding when
a tooth is nonvital®—or it may present as a radiolucent area
at the apex of the root or in the alveolar bone adjacent to the
exit of a lateral or furcation accessory canal. On occasion there
may be no radiographic change at all, even in the presence of
a disease process in the alveolar bone.
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FIG. 1-24 Radiograph showing what appears to be amandibular lateral
incisor associated with periapical lesion of anonvital tooth. Although pulp
necrosis can be suspected, the tooth tested vital. In this case, the appearance
of apical bore loss is secondary foa cementoma.

Two-dimensional dental radiography has two basic short-
comings: the lack of early detection of pathosis in the cancel-
lous bone, because of the density of the cortical plates, and the
influence of the superimposition of anatomic structures. Vari-
ability in the radiographic expression of an osseous pathosis
has much to do with the relative location of the root of the
tooth and how it is oriented with respect to the cortical and
cancellous bone. Radiographic changes from bone loss will not
be detected if the loss is only in cancellous bone.l® However,
the radiographic evidence of pathosis will be observed once
this bone loss extends to the junction of the cortical and can-
cellous bone. In addition, certain teeth are more prone to
exhibit radiographic changes than others, depending on their
anatomic location.’Z The radiographic appearance of endodon-
tic pathosis is correlated with the relationship of the periapex
of the tooth and its juxtaposition to the cortical-cancellous
bone junction. The apices of most anterior and premolar teeth
are located close to the cortical-cancellous bone junction.
Therefore, periapical pathosis from these teeth is exhibited
sooner on the radiograph. By comparison, the distal roots of
mandibular first molars and both roots of mandibular second
molars are generally positioned more centrally within the can-
cellous bone, as are maxillary molars, especially the palatal
roots. Periapical lesions from these roots must expand more
before they reach the cortical-cancellous bone junction and are
recognized as radiographic pathosis. For these reasons, it is
important not to exclude the possibility of pulpal pathosis in
situations in which there are no radiographic changes.
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FIG. 1-25 Radiographic images are only two-dimensional, and often it is
difficult fo disciminate the relative location of overlapping objects. A, When
the source of radiation is directly perpendicularto overlapping objects, the
imageis captured without much separation of the objects. However, when the
radiation source is at an angle to offset the overlapping objects, the image is
captured with the objects being viewed as separated. B, The object that is
closest to the film (or sensor) will move the least, with the object dlosestto the
radiation source appearing farthestaway.

Many factors can influence the quality of the radiographic
interpretation, including the ability of the person exposing the
radiograph, the quality of the radiographic film, the quality of
the exposure source, the quality of the film processing, and the
skill with which the film is viewed. Controlling all of these
variables can be a difficult challenge but is paramount for
obtaining an accurate radiographic interpretation.

Digital Radiography

Digital radiography has been available since the late 1980s and

has recently been refined with better hardware and more user-

friendly software. It has the ability to capture, view, magnify,

enhance, and store radiographic images in an easily reproduc-

ible format that does not degrade over time. Significant advan-
tages of digital radiographs over conventional radiographs
include lower radiation doses, instant viewing, convenient
manipulation, efficient transmission of an image via the Inter-
net, simple duplication; and easy archiving.

Digital radiography uses no x-ray film and requires no
chemical processing. Instead, a sensor is used to capture the
image created by the radiation source. This sensor is either
directly or wirelessly attached to a local computer, which inter-
prets this signal and, using specialized software, translates the
signal into a two-dimensional digital image that can be
displayed, enhanced, and analyzed. The image is stored in
the patient’s file, typically in a dedicated network server, and
can be recalled as needed. Further information about digital
radiography may be found in Chapter 2.



FIG. 1-26 Digital radiography has an advantage over conventional film in that
the image can be enhanced and colorized, auseful tool for patient education.

The viewing of a digital radiographic image on a high-
resolution monitor allows for rapid and easy interpretation for
both the clinician and the patient. The image appears almost
instantly, with no potential for image distortion from improper
chemical processing. The clinician can magnify different areas
on the radiograph and then digitally enhance the image in
order to better visualize certain anatomic structures; in some
cases the image can even be colorized, a useful tool for patient
education (Fig. 1-26).

In the past, x-ray film has had a slightly better resolution
than most digital radiography images, at about 16 line pairs
per millimeter (Ip/mm).%7 Some sensor manufacturers, however,
now claim to offer resolutions beyond that of conventional
film. Under the best of circumstances, the human eye can see
only about 10 Ip/mm, which is the lowest resolution for most
dental digital radiography systems. Digital sensors are much
more sensitive to radiation than conventional x-ray film and
thus require 50% to 90% less radiation in order to acquire an
image, an important feature for generating greater patient
acceptance of dental radiographs.

The diagnostic quality of this expensive technology has
been shown to be comparable to, but not necessarily superior
to, perfectly exposed and perfectly processed conventional
film-based radiography.’>7397 Furthermore, it was found that
the interpretation of a digital radiograph can be subjective,
similar to that of the conventional film.!3* Factors that appear
to have the most impact on the interpretation of the image are
the years of experience of the examiner and familiarity of the
operator with the given digital system.!**

Cone-Beam Computerized Tomography

Limitations in conventional two-dimensional radiography pro-
mulgated a need for three-dimensional imaging, known as
cone-beam computerized tomography (CBCT) (also known as
cone-beam volumetric tomography [CBVT]) or as cone-beam
volumetric imaging [CBVI]. Although a form of this technology
has existed since the early 1980s,'% specific devices for dental
use first appeared almost two decades later.2 Most of these
machines are similar to a dental panoramic radiographic
device, whereby the patient stands or sits as a cone-shaped
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FIG. 1-27 Conebeamvolumetric tomography, using the 3D Accuitomo 80.
(Courtesy J. Morita USA Invine, CA)

FIG. 1-28 Conebeam volumetric tomography has the ability to capture,
store, and present radiographic images in various horizontal and vertical

planes. (Courtesy J. Morita USA, Irvine, CA)

radiographic beam is directed to the target area with a recip-
rocating capturing sensor on the opposite side (Fig. 1-27).
The resulting information is digitally reconstructed and inter-
preted to create an interface whereby the clinician can three-
dimensionally interpret “slices” of the patient’s tissues in a
multitude of planes (Figs. 1-28 and 1-29).223 The survey of
the scans can be interpreted immediately after the scan. Various
software applications have been used to enable the images to
be sent to other clinicians. This is accomplished either in
printed format or with portable and transferable software that
can be used interactively by another clinician.

In general, many dental applications only require a limited
field of vision, confining the study to the maxilla and mandible.
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FIG. 1-29 Cone-beam volumetric tomography has the advantage of being
able to detect pathosis in the bone or associated with the teeth without the
obstruction of anatomic structures. The planes of vision may be axial, sagittal,
or coronal. (Courtesy J. Morita USA, Ivine, CA)

However, many devices have the ability to provide a full field
of vision for viewing more regional structures. Clinicians
should thoroughly understand the ethical and medical-legal
ramifications of doing scans with full fields of view. Incidental
nondental findings have been seen from these scans, such as
intracranial aneurysms, that when undetected could be life
threatening.?!

The radiation source of CBCT is different from that of con-
ventional two-dimensional dental imaging in that the radiation
beam created is conical in shape. Also, conventional digital

dental radiography is captured and interpreted as pixels, a
series of dots that collectively produces an image of the scanned
structure. For CBCT, the image is instead captured as a series
of three-dimensional pixels, known as voxels. Combining these
voxels gives a three-dimensional image that can be “sliced”

into various planes, allowing for specific evaluations never
before possible without a necropsy (Fig. 1-30). One of the
advantages of using a device that has a limited field of vision
is that the voxel size can be less than half that of a device using
a full field of vision, thereby increasing the resolution of the
resulting image and providing for a more accurate interpreta-
tion of anatomic structures and pathologic conditions. The
development of limited field of vision devices has also contrib-
uted to decreasing the costs of these relatively expensive
machines, making them more practical for dental office use.*
Compared with two-dimensional radiographs, CBCT can
clearly visualize the interior of the cancellous bone without
the superimposition of the cortical bone. Studies show that
CBCT is much more predictable and efficient in demon-
strating anatomic landmarks, bone density, bone loss,  peri-

apical lesions, root fractures, root perforations and root
resorptions. 1,21,26,27.38.47,71,78.81,85,92,94,128,131,142

The superimposition of anatomic structures can also mask
the interpretation of alveolar defects. Specifically, the maxillary
sinus, zygoma, incisive canal and foramen, nasal bone, orbit,
mandibular oblique ridge, mental foramen, mandibular men-
talis, sublingual salivary glands, tori, and the overlap of
adjacent roots may either obscure bone loss or mimic bone
loss, making an accurate interpretation of conventional radi-
ography sometimes difficult or impossible. Several studies have
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FIG. 1-30 Theradiation source in cone-beam volumetric tomography is
conical. The receiving sensor captures the image as “voxels,” or three-
dimensional pixels of information, allowing digital  interpretation.

0.16 mm

demonstrated the advantages of CBCT in the differential diag-
nosis of such structures from pathologic conditions.2h2%-71.137

Cone-beam computerized tomography should not be seen
as a replacement for conventional dental radiography, but
rather as a diagnostic adjunct. The advantage of conventional
dental radiography is that it can visualize most of the structures
in one image. CBCT can show great detail in many planes of
vision but can also leave out important details if the “slice” is
not in the area of existing pathosis (Fig. 1-31). There is a
promising future for the use of CBCT for endodontic diagnosis
and treatment. It has already proven invaluable in the detection
of dental and nondental pathoses (Fig. 1-32). For a further
review of CBCT and radiography, see Chapter 2.

Magnetic Resonance Imaging (MRI)

MRI has also been suggested for dental diagnosis. It may offer
simultaneous three-dimensional hard- and soft-tissue imaging
of teeth without ionizing radiation.*® The use of MRI in end-
odontics is still limited.
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FIG. 1-31 A Thisstandard two-dimensional radiographic image reveals recurrent caries under the mesial margin
of the maxillary first molar. However, the patient localized pain to mastication onthe maxillary second molar. B,
Cone-beam volumetric tomography revealed an apical radiolucency associated with the maxillary second molar.
Thebone loss was obscured on the two-dimensional radiograph by the maxillary sinus, zygoma, and cortical

bore.

Cracks and Fractures

The wide variety of types of cracks and fractures in teeth and
their associated signs and symptoms often make their diagno-
sis difficult. The extensiveness of the crack or fracture line may
directly alter the prognosis assessment for a given tooth and
should be examined before treatment decision making. Certain
types of cracks may be as innocent as a superficial enamel craze
line, or they may be as prominent as a fractured cusp. The
crack may progress into the root system to involve the pulp,
or it may split the entire tooth into two separate segments. The
crack may be oblique, extending cervically, such that once the

coronal segment is removed the tooth may or may not be
restorable. Any of these situations may present with mild,
moderate, or severe symptoms or possibly no symptoms at all.

Crack Types
There have been many suggestions in the literature of was to
classify cracks in teeth. By defining the type of crack present,
an assessment of the prognosis may be determined and treat-
ment alternatives can be planned (see Chapter 21). Unfortu-
nately, it is often extremely difficult to determine how extensive
a crack is until the tooth is extracted.

Cracks in teeth can be divided into three basic categories:
+ Craze lines
+ Fractures (also referred to as cracks)
+ Split tooth/roots

Craze lines are merely cracks in the enamel that do not
extend into the dentin and either occur naturally or develop
after trauma. They are more prevalent in adult teeth and
usually occur more in the posterior teeth. If light is transillu-
minated through the crown of such a tooth, these craze lines
may show up as fine lines in the enamel with light being able
to transmit through them, indicating that the crack is only
superficial. The use of optical coherence tomography (OCT)
has also been suggested for detection of enamel cracks.” Craze
lines typically will not manifest with symptoms. No treatment
is necessary for craze lines unless they create a cosmetic issue.
Fractures extend deeper into the dentin than superficial craze
lines and primarily extend mesially to distally, involving the
marginal ridges. Dyes and transillumination are helpful for
visualizing potential root fractures.

Symptoms from a fractured tooth range from none to severe
pain. A fracture in the tooth does not necessarily dictate that
the tooth has split into two pieces; however, left alone or espe-
cially with provocations such as occlusal prematurities, the
fracture may progress into a split root. A fractured tooth may
be treated by a simple restoration, endodontics (nonsurgical or
surgical), or even extraction, depending on the extent and
orientation of the fracture, the degree of symptoms, and
whether the symptoms can be eliminated. This makes the clini-
cal management of fractured teeth difficult and sometimes
unpredictable.
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FIG. 1-32 A, Periapical radiograph showing alarge apical radiolucency
associated with the mandibular second molar. Apical pathosis should be ruled
out. B, Cone-beam volumetric tomography revealed salivary indentation of the
mandible in the area apical and lingual to the mandibular second molar,
consistent with a Stafne defect. C, Enlargement of coronal section in the area
of the mandibular second molar and the Stafne defect located on the lingual
aspect of the mandible.

A definitive combination of factors, signs, and symptoms
that, when collectively observed, allows the clinician to con-
clude the existence of a specific disease state is termed a syn-
drome. However, given the multitude of signs and symptoms
that fractured roots can present with, it is often difficult to
achieve an objective definitive diagnosis. For this reason, the

terminology of cracked tooth syndrome®>1* should be avoided.®
The subjective and objective factors seen in cases of fractured
teeth will generally be diverse; therefore, a tentative diagnosis
of a fractured tooth will most likely be more of a prediction.
Once this prediction is made, the patient must be properly
informed as to any potential decrease in prognosis of the
pending dental treatment. Because treatment options for
repairing fractured teeth have only a limited degree of success,
early detection and prevention, and proper informed consent,
are Crucial") 10.72.119.120,124.,132

Split tooth/roots occur when a fracture extends from one
surface of the tooth to another surface of the tooth, with the
tooth separating into two segments. If the split is more oblique,
it is possible that once the smaller separated segment is
removed, the tooth might still be restorable—for example, a
fractured cusp. However, if the split extends below the osseous
level, the tooth may not be restorable and endodontic treat-
ment may not result in a favorable prognosis.

Proper prognosis assessment is imperative before any dental
treatment but is often difficult in cases of cracked teeth.
Because of the questionable long-term success from treating
cases of suspected or known fractures, the clinician should be
cautious in making the decision to continue with treatment
and should avoid endodontic treatment in cases of a definitive
diagnosis of split roots.

Vertical Root Fractures

One of the more common reasons for recurrent endodontic
pathosis is the vertical root fracture, a severe crack in the tooth

that extends longitudinally down the long axis of the root
(Figs. 1-33 and 1-34). Often it extends through the pulp and
to the periodontium. It tends to be more centrally located
within the tooth, as opposed to being more oblique, and typi-
cally traverses through the marginal ridges. These fractures
may be present before endodontic treatment, secondary to
endodontic treatment, or may develop after endodontic treat-
ment has been completed. Because diagnosing these vertical
root fractures may be difficult, they often go unrecognized.
Therefore, diagnosing the existence and extent of a vertical
root fracture is imperative before any restorative or endodontic

treatment is done, as it can dramatically affect the overall
success of treatment.

Apatient who consents to endodontic treatment must be
informed if the tooth has a questionable prognosis. The clini-
cian must be able to interpret the subjective and objective
findings that suggest a vertical root fracture or split tooth, be
able to make a prediction as to the eventual potential of healing,
and convey this information to the patient. Amore detailed
discussion on vertical root fractures is described in Chapter 21.

Perforations

Root perforations are clinical complications that may lead to
treatment failure. When root perforation occurs, communica-
tions between the root canal system and either periradicular
tissues or the oral cavity may reduce the prognosis of treat-
ment. Root perforations may result from extensive carious
lesions, resorption, or operator error occurring during root
canal instrumentation or post preparation.

The treatment prognosis of root perforations depends on
the size, location, time of diagnosis and treatment, degree of
periodontal damage, as well as the sealing ability and biocom-
patibility of the repair material.* It has been recognized that
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FIG. 1-33 Pooryfitting infracoronal restorations can place stresses within the tooth that can cause avertical root
fracture. A, This radiograph of a mandibular second premolar (with a gold inlay) reveals extensive periapical and
periradicular bone loss, especially on the distal aspect. B, Thetooth pulp tested nonvital, and there was an
associated 12-mm-deep, narrow, isolated periodontal pocket onthe buccal aspect of the tooth. After the tooth was
extracted, the distal aspect was examined. C, Onmagnification (x16) the distal aspect of the root revealed an
oblique vertical root fracture. Similarly, the placement of an ill-fitting post may exert intraradicular sfresses on a
root that can cause a fracture to occur vertically. D, This radiograph depicts a symmetrical space between the
obturation and the canal wall, suggesting a vertical root fracture. E, After the tooth is extracted, the root fracture

can be easily observed.

treatment success depends mainly on immediate sealing of the
perforation and appropriate infection control. Among the
materials that are commonly used to seal root perforations are
mineral trioxide aggregate (MTA), Super EBA, intermediate
restorative material (IRM), glass ionomer cements, and com-
posites. The topic of perforations is further discussed in
Chapter 19.

CLINICAL CLASSIFICATION OF PULPAL AND
PERIAPICAL DISEASES

Many attempts have been made over the years to develop clas-
sifications of pulpal and periapical disease. However, studies
have shown that making a correlation between clinical signs
and symptoms and the histopathology of a given clinical
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FIG. 1-34 Physical rauma from sports-related injuries or seizure-induced
trauma, if directed accordingly, may cause a vertical root fracture in atooth.
This fracture occurred in a 7-year-old child secondary to trauma from a grand
mal seizure.

condition is challenging.!22123 Therefore, clinical classifications
have been developed in order to formulate treatment plan
options. In the most general terms, the objective and subjective
findings are used to classify the suspected pathosis, with the
assigned designations merely representing the presence of
healthy or diseased tissue.

The terminology and classifications that follow are based on
those suggested by the American Association of Endodontists
in2012.°

Pulpal Disease

Normal Pulp

This is a clinical diagnostic category in which the pulp is
symptom-free and normally responsive to pulp testing.® Teeth
with normal pulp do not usually exhibit any spontaneous
symptoms. The symptoms produced from pulp tests are mild,
do not cause the patient distress, and result in a transient sen-
sation that resolves in seconds. Radiographically, there may be
varying degrees of pulpal calcification but no evidence of
resorption, caries, or mechanical pulp exposure. No endodon-
tic treatment is indicated for these teeth.

Pulpitis

This is a clinical and histologic term denoting inflammation
of the dental pulp, clinically described as reversible or irre-
versible and histologically described as acute, chronic, or
hyperplastic.©
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FIG. 1-35 Dentinal tubules are filled with fluid that, when stimulated, will
cause sensation. Temperature changes, air, and osmotic changes can
provoke the odontoblastic process to induce the stimulation of underying A-
defta fibers.

Reversible Pulpitis

This is a clinical diagnosis based on subjective and objective
findings indicating that the inflammation should resolve and
the pulp return to normal. When the pulp within the tooth is
irritated so that the stimulation is uncomfortable to the patient
but reverses quickly after irritation, it is classified as reversible
pulpitis. Causative factors include caries, exposed dentin,
recent dental treatment, and defective restorations. Conserva-
tive removal of the irritant will resolve the symptoms. Confu-
sion can occur when there is exposed dentin, without evidence
of pulp pathosis, which can sometimes respond with sharp,
quickly reversible pain when subjected to thermal, evaporative,
tactile, mechanical, osmotic, or chemical stimuli. This is
known as dentin (or dentinal) sensitivity (or hypersensitivity).
Exposed dentin in the cervical area of the tooth accounts for
most of the cases diagnosed as dentin sensitivity.'%

As described in Chapter 12, fluid movement within dentinal
tubules can stimulate the odontoblasts and associated fast-
conducting A-delta nerve fibers in the pulp, which in turn
produce sharp, quickly reversible dental pain (Fig. 1-35). The
more open these tubules are (e.g., from a newly exposed prepa-
ration, dentin decalcification, periodontal scaling, tooth-
bleaching materials, or coronal tooth fractures), the more the
tubule fluid will move and, subsequently, the more the tooth
will display dentin sensitivity when stimulated. When making
a diagnosis, it is important to discriminate this dentin sensitiv-
ity sensation from that of reversible pulpitis, which would be
secondary to caries, trauma, or new or defective restorations.
Detailed questioning about recent dental treatment and a
thorough clinical and radiographic examination will help to
separate dentin sensitivity from other pulpal pathosis, as the
treatment modalities for each are completely different.!8

Irreversible Pulpitis

As the disease state of the pulp progresses, the inflammatory
condition of the pulp can change to irreversible pulpitis. At this
stage, treatment to remove the diseased pulp will be necessary.
This condition can be divided into the subcategories of symp-
tomatic and asymptomatic irreversible pulpitis.



Symptomatic Irreversible Pulpitis

This is a clinical diagnosis based on subjective and objective
findings indicating that the vital inflamed pulp is incapable of
healing.® Teeth that are classified as having symptomatic irre-
versible pulpitis exhibit intermittent or spontaneous pain.
Rapid exposure to dramatic temperature changes (especially to
cold stimuli) will elicit heightened and prolonged episodes
of pain even after the thermal stimulus has been removed.
The pain in these cases may be sharp or dull, localized, diffuse,
or referred. Typically, there are minimal or no changes in the
radiographic appearance of the periradicular bone. With
advanced irreversible pulpitis, a thickening of the periodontal
ligament may become apparent on the radiograph, and there
may be some evidence of pulpal irritation by virtue of exten-
sive pulp chamber or root canal space calcification. Deep res-
torations, caries, pulp exposure, or any other direct or indirect
insult to the pulp, recently or historically, may be present.
It may be seen radiographically or clinically or may be sug-
gested from a complete dental history. Patients who present
with symptomatic anterior teeth for which there are no
obvious etiologic factors should be also questioned regarding
past general anesthesia or endotracheal intubation proce-
dures.>22138 Tn addition, patients should be questioned about
a history of orthodontic treatment. Typically, when symptom-
atic irreversible pulpitis remains untreated, the pulp will even-
tually become necrotic.!?-13%

Asymptomatic Irreversible Pulpitis

This is a clinical diagnosis based on subjective and objective
findings indicating that the vital inflamed pulp is incapable of
healing.® The patient, however, does not complain of any
symptoms. On occasion, deep caries will not produce any
symptoms, even though clinically or radiographically the
caries may extend well into the pulp. Left untreated, the tooth
may become symptomatic or the pulp will become necrotic. In
cases of asymptomatic irreversible pulpitis, endodontic treat-
ment should be performed as soon as possible so that symp-
tomatic irreversible pulpitis or necrosis does not develop and
cause the patient severe pain and distress.

Pulp Necrosis

This is a clinical diagnostic category indicating death of the
dental pulp. The pulp is usually nonresponsive to pulp testing.®
When pulpal necrosis (or nonvital pulp) occurs, the pulpal
blood supply is nonexistent and the pulpal nerves are nonfunc-
tional. It is the only clinical classification that directly attempts
to describe the histologic status of the pulp (or lack thereof).
This condition is subsequent to symptomatic or asymptomatic
irreversible pulpitis. After the pulp becomes completely
necrotic, the tooth will typically become asymptomatic until
such time when there is an extension of the disease process
into the periradicular tissues. With pulp necrosis, the tooth
will usually not respond to electric pulp tests or to cold stimu-
lation. However, if heat is applied for an extended period of
time, the tooth may respond to this stimulus. This response
could possibly be related to remnants of fluid or gases in the
pulp canal space expanding and extending into the periapical
tissues.

Pulpal necrosis may be partial or complete and it may not
involve all of the canals in a multirooted tooth. For this reason,
the tooth may present with confusing symptoms. Pulp testing
over one root may give no response, whereas over anotherroot
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it may give a positive response. The tooth may also exhibit
symptoms of symptomatic irreversible pulpitis. Pulp necrosis,
in the absence of restorations, caries, or luxation injuries, is
likely caused by a longitudinal fracture extending from the
occlusal surface and into the pulp.”

After the pulp becomes necrotic, bacterial growth can be
sustained within the canal. When this infection (or its bacterial
byproducts) extends into the periodontal ligament space, the
tooth may become symptomatic to percussion or exhibit spon-
taneous pain. Radiographic changes may occur, ranging from
a thickening of the periodontal ligament space to the appear-
ance of a periapical radiolucent lesion. The tooth may become
hypersensitive to heat, even to the warmth of the oral cavity,
and is often relieved by applications of cold. As previously
discussed, this may be helpful in attempting to localize a
necrotic tooth (i.e., by the application of cold one tooth at a
time) when the pain is referred or not well localized.

Previously Treated

This is a clinical diagnostic category indicating that the tooth
has been endodontically treated and the canals are obturated
with various filling materials other than intracanal medica-
ments.® In this situation, the tooth may or may not present
with signs or symptoms but will require additional nonsurgical
or surgical endodontic procedures to retain the tooth. In most
such situations, there will no longer be any vital or necrotic
pulp tissue present to respond to pulp testing procedures.

Previously Initiated Therapy

This is a clinical diagnostic category indicating that the tooth
has been previously treated by partial endodontic therapy (e.g.,
pulpotomy, pulpectomy).® In most instances, the partial end-
odontic therapy was performed as an emergency procedure for
symptomatic or asymptomatic irreversible pulpitis cases. In
other situations, these procedures may have been performed
as part of vital pulp therapy procedures, traumatic tooth inju-
ries, apexification, or apexogenesis therapy. At the time these
cases present for root canal therapy it would not be possible
to make an accurate pulpal diagnosis because all, or part, of
the pulp tissue has already been removed.

Apical (Periapical) Disease

Normal Apical Tissues

This classification is the standard against which all of the other
apical disease processes are compared. In this category the
patient is asymptomatic and the tooth responds normally to
percussion and palpation testing. The radiograph reveals an
intact lamina dura and periodontal ligament space around all
the root apices.

Periodontitis

This classification refers to an inflammation of the periodon-
tium.® When located in the periapical tissues it is referred to
as apical periodontitis. Apical periodontitis can be subclassi-
fied to symptomatic apical periodontitis and asymptomatic
apical periodontitis.

Symptomatic Apical Periodontitis

This condition is defined as an inflammation, usually of the
apical periodontium, producing clinical symptoms including a
painful response to biting or percussion or palpation. It might
or might not be associated with an apical radiolucent area.®
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This tooth may or may not respond to pulp vitality tests, and
the radiograph or image of the tooth will typically exhibit at
least a widened periodontal ligament space and may or may
not show an apical radiolucency associated with one or all of
the roots.

Asymptomatic Apical Periodontitis

This condition is defined as inflammation and destruction of
apical periodontium that is of pulpal origin, appears as an
apical radiolucent area, and does not produce clinical symp-
toms.® This tooth does not usually respond to pulp vitality
tests, and the radiograph or image of the tooth will exhibit an
apical radiolucency. The tooth is generally not sensitive to
biting pressure but may “feel different” to the patient on per-
cussion. Manifestation of persistent apical periodontitis may
vary among patients.®?

Acute Apical Abscess

This condition is defined as an inflammatory reaction to pulpal
infection and necrosis characterized by rapid onset, spontane-
ous pain, tenderness of the tooth to pressure, pus formation,
and swelling of associated tissues.® Atooth with an acute apical
abscess will be acutely painful to biting pressure, percussion,
and palpation. This tooth will not respond to any pulp vitality
tests and will exhibit varying degrees of mobility. The radio-
graph or image can exhibit anything from a widened periodon-
tal ligament space to an apical radiolucency. Swelling will be
present intraorally and the facial tissues adjacent to the tooth
will almost always present with some degree of swelling. The
patient will frequently be febrile, and the cervical and subman-
dibular lymph nodes may exhibit tenderness to palpation.

Chronic Apical Abscess

This condition is defined as an inflammatory reaction to pulpal

infection and necrosis characterized by gradual onset, little or
no discomfort, and the intermittent discharge of pus through
an associated sinus tract.® In general, a tooth with a chronic
apical abscess will not present with clinical symptoms. The
tooth will not respond to pulp vitality tests, and the radiograph
or image will exhibit an apical radiolucency. Usually the tooth

is not sensitive to biting pressure but can “feel different” to the

patient on percussion. This entity is distinguished from asymp-
tomatic apical periodontitis because it will exhibit intermittent
drainage through an associated sinus tract.

REFERRED PAIN

The perception of pain in one part of the body that is distant
from the actual source of the pain is known as referred pain.
Whereas pain of nonodontogenic origin can refer pain to the
teeth, teeth may also refer pain to other teeth as well as to other
anatomic areas of the head and neck (see Chapters 4 and 17).
This may create a diagnostic challenge, in that the patient may
insist that the pain is from a certain tooth or even from an ear
when, in fact, it is originating from a distant tooth with pulpal
pathosis. Using electronic pulp testers, investigators found that
patients could localize which tooth was being stimulated only
37.2% of the time and could narrow the location to three teeth

only 79.5% of the time, illustrating that patients may have a
difficult time discriminating the exact location of pulpal pain.*
Referred pain from a tooth is usually provoked by an intense
stimulation of pulpal C fibers, the slow conducting nerves that
when stimulated cause an intense, slow, dull pain. Anterior
teeth seldom refer pain to other teeth or to opposite arches,
whereas posterior teeth may refer pain to the opposite arch or
to the periauricular area but seldom to the anterior teeth.'*
Mandibular posterior teeth tend to transmit referred pain to
the periauricular area more often than maxillary posterior
teeth. One study showed that when second molars were stimu-
lated with an electric pulp tester, patients could discriminate
accurately which arch the sensation was coming from only 85%
of the time, compared with an accuracy level of 95% with first
molars and 100% with anterior teeth.*® The investigators also
pointed out that when patients first feel the sensation of pain,
they are more likely to accurately discriminate the origin of the
pain. With higher levels of discomfort, patients have less ability
to accurately determine the source of the pain. Therefore, in
cases of diffuse or referred pain, the history of where the
patient first felt the pain may be significant.

Because referred pain can complicate a dental diagnosis,the
clinician must be sure to make an accurate diagnosis to protect
the patient from unnecessary dental or medical treatment. If
after all the testing procedures are complete and it is deter-
mined that the pain is not of odontogenic origin, then the
patient should be referred to an orofacial pain clinic for further
testing. For further information on pain of nonodontogenic
origin, see Chapter 17.

SUMMARY

Endodontics is a multifaceted specialty, with much emphasis
on how cases are clinically treated. Clinicians have increased
their ability to more accurately perform endodontic procedures
by way of increased visualization using the operating micro-
scope, precise apical foramen detection using electronic apex
locators, enhanced imaging techniques using digital radiogra-
phy, and more. Practices have incorporated more refined canal
cleaning and shaping techniques by using ultrasonics and
rotary-driven nickel titanium files facilitated with computer-
assisted electronic handpieces. Many other advancements have
also been introduced with the objective of achieving an optimal
result during endodontic treatment. However, these advance-
ments are useless if an incorrect diagnosis is made. Before the
clinician ever considers performing any endodontic treatment,
the following questions must be answered:
+ Is the existing problem of dental origin?
+ Are the pulpal tissues within the tooth pathologically
involved?
+ Why is the pulpal pathosis present?
+ What is the prognosis?
+ What is the appropriate form of treatment?
Testing, questioning, and reasoning are combined to achieve
an accurate diagnosis and to ultimately form an appropriate
treatment plan. The art and science of making this diagnosis
are the first steps that must be taken before initiating any end-
odontic treatment.
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CLINICAL RESEARCH

Ultrasound Examination to
Visualize and Trace Sinus
Tracts of Endodontic Origin

ABSTRACT

Introduction: The detection of a tooth with a sinus tract {ST) of endodontic origin and its
pathway are conventionally assessed with a periapical radiograph and a gutta-percha cone
introduced into its stoma. The aim of this study was 1o evaluate the possibility to detect STs
and trace their route using ultrasound real-time examination. Methods: Two calibrated
examiners performed echography on 10 patients who had a lesion of apical periodontitis (AP)
and ST and 10 patients in the control group with AP without an 8T recruited in 2 endodontic
practices. They also traced the pattern of the STs with a computer program. The images were
then submitted to 2 calibrated and blinded observers who were asked to describe the
prasence of AP and ST and to tracs it with the same program. The data obtained were
compared with the clinical and radiographic diagnosis of ST. For sensitivity, specificity,
accuracy, and positive and negative predictive values, the receiver operating characteristic
curve and Fisher exact test were used (P << .05). Results: Interobserver agreement was high
as was the diagnostic accuracy of the ultrasocund examination of STs (mean valug = 37.5%),
and the Fisher exact test showed statistical significance {P < .05). High sensitivity and a
negative predictive value and 100% specificity and a positive predictive value were also
obtained. The application of the 3-dimensional mode further enabled the reconstructions of
the more complex paths, and the implementation with color power Doppler disclosed the
vascularity surrounding the STs. Gonclusiens: The ultrasound examination is a technique
feasible to describe and trace the STs of enclodontic origin. (f Endod 2079,45:17184-1191.)

KEY WORDS

Apical periodontitis; oral radiclogy; sinus tract; ultrasound examination

A sinue tract (ST) of endodontic originis a pathway from an enclosed area of infection (eg, a root canal)
to an epithelial surface through an opening {or stoma), which can be intracral or extraoral’. The
presence of apical periodontitis (AP} associated with an ST is classified as a chronic apical abscess™,
and the pravalence of this condition ranges from 7.4%-30.75%7. The degres of epithelialization of the
tract is still debated because of its tortuous nature®. Patients presenting with an ST are usually
asymptomatic, with the draining fistulous opening as the only chief complaintg. The ST is expected 1o
heal when the source of the endodontic infection is eliminated after the roct canal treatment or the
extraction of the offending tooth'™". The identification of the tooth responsible for the ST can be
complicated by its opening at a distant site or by the presence of multiple stornas®, and when STs open
in the skin of the face and neck, they can be easily misciagnosed as dermatclogic dissases™ %3, The
detection of the infected tooth and the pathway of the ST from the root canal to the storma are
conventionally assessad by taking a periapical radiograph after introducing, in its orifice, a gutta-percha
cone™'® or a fine stainless steel orthodontic wire™'®, Ultrasound (US) real-time examination is a
noninvasive imaging technique extensively used in medicine based on the propagation and reflection of
acoustic waves across the different tissues of tha body'™ 2. In recent times, US has found a wide
application in the examination of the head and neck district’® and in the assessment, difierential
diagnosis, and folow-up of AP after endodontic treatment® 9, The aim of this study was to evaluate
the possikility to detect STs of endodontic origin and trace their route using US real-time examination,
also called echography.



MATERIALS AND METHODS

The present protocel was conducted in
accordance with the institutional ethics
committee and the Declaration of Helsinki
1975 (as revised in 2000, PG/2017/2991), Tha
subjects participating in this study were
selected among the patients referred o 2 local
endodontic practices. After approval for
participating in the prasent study, the patiants
were asked 1o sign an informed consent form
and were recruited in the research protocol
according to the inclusion/exclusion criteria.

Inclusion Criteria

Healthy patients not taking any medication
with at least 1 tooth with AP™ with a periapical
inclex score (PAIFE of 3 or more with or without
an ST were included in this study.

Exclusion Criteria

Pregnant women, patients with systemic
diseases taking medications, patients with a
fracture or pericdontitis diagnosed on the
tooth with the ST, and patients not willing to
partichaate to the study were excluded.

Diagnosis of AP

After assessment of the medical and dental
history, the patients received a thorough dental
examinaticn. Endodontic clinical evaluation
was parformed along with the following tests:
palpation, percussion, occlusal evaluation,
tooth mobility, periodontal probing, bite test,
and pulp sensitivity tests for each tooth, Two or
more intracral periapical radicgraphs were also
performed?®®. The diagnosis of ST was done
through direct observation of a stoma {draining
or not draining}, and a periapical radiograph
was performed positioning a gutta-percha
cone within the tract™™,

The assessment of PAl was performed
by the postgraduate endodontic students
followding the tables of @rstavik et al*® at the
Department of Conservative Dentistry and
Endodontics, University of Cagliari, Cagliari,
ltaly. The decision had to be confirmed by the
head of the departrent. For the aim of the
present study, the PAl score was used as a
diagnostic decisional tree where the patients
were dichotomized in PAl =3 and PAl <3.

Subject Material

Twenty white patients {20 teeth) affected by AP
{8 men and 12 women, mean age = 47.2)
were divided into the following 2 groups:

1. The cases (APST): 10 teeth with 1 lesion of
AP with an 8T

2. The controls (CT): 10 testh with 1 iesion of
AP without an ST

The cases and controls were selected
by 2 examiners {an expert sonologist and a
trainad expert endodontiat) and examined by 2
blinded obsarvers.

US Examination

The 2 examiners performed calibration with the
images of STs collscted from a previous pilot
study (A. Goddi, 2017), and these samples
were not included in the main experiment. The
level of agreement among the observers was
caleulated through kappa statistics. The 2
blinded observers performed calibration
exercises with the images of cases of AR, with
and without an 5T, from the previous pilot
study until they obtained a good agreemant
{Cohen kappa of 0.3, 0.67, and 1.00, at the
first, second, and third examination,
raspectively). Two weeks later, the same
images were submitted for further examination
to calculate the intragxaminer agreement. Al
US examinations were parformed using either
an Elegra (Siemens, Erlangen, Germany) or an
Aplio XG (Toshiba Medical Systems, Crawley,
UK} apparatus with reguiar and small-size,
finear, high-definition, multifregusncy US
probes, To have the availability of the 2 units
during the main experiment and to not
produce confounding data, the 2 linear
multifrequency probes of 7-9 MHz and 8-12
MHz, were respectively coupled with the
Elegra Siemens and the Toshiba Aplio XG to
generate equivalent cutput scans during the
calibration. After the application of an
echographic gel, the probe was placed and
moved both extracrally on the skin of the upper
and lower jaw and intraorally in the area of the
alveolar mucosa, corrssponding 1o the roots of
the involved teeth. The position of the probe
was changed several timas to obtain an
adequate and representative nurber of scans.
In addition, the color power Doppler (CPD) was
applied to all APST cases to assess the
presencs, amount, and features of the
vascular supply within or outside the tract.
Onea several scans were acquirad from each
case, the data were converted into 3-
dimensional (30) images. The representative
images ware saved as TIFF files, organized on
a PowerPoint presentation (Microsoft Office
2013; Microsoft Corporation, Redmond, WA)
on the scresn of a Dell Inspiron 15 laptop
computer (Dell Inc, Round Rock, TX), and
submitted to the blinded observers separataly
and without the radiograph where the ST was
traced. The blinded observers were then

asked to diagnose independently the presence
orabsence of an ST associated with AP and to
fill a dedlicated chart. In addition, they were
asked to draw the route of the 8T on the
images using the same computer program.
The diagnosis of ST in this study was
considered valid only if the fistulous pathway
was traced by both observers and if it was
possible to superimpose the 2 images. The
observers repeated the same examination 2
wesks later.

Data Analysis

The data from the ultrasonic examinations
were then compared with the clinical and
radiographic diagnosis of ST 1o assess
sensitivity, specificity, accuracy, positive
predictive value, and negative predictive value
and to establish the reliability of the technique.
The accuracy of the procedure was also
evaluated with the receiver operating
characteristic curve {area under the curve).
Given the small number of samples chserved
in this study, the Fisher exact test was used
coherently with the sample size to calculats the
significance of agreement on the echographic
analysis according to the clinical and
radicgraphic diagnoses (P <2 .05). The Fisher
exacttest requires 2 X 2 contingency tables, a
number of abservations <230, and cells with
expected frequencies <I5.

RESULTS

All 20 patients did not experience any
discomiort during the US examination. The
examiners detected AP in all US examinations
{APST and CT groups) and traced all 10 STsin
the APST group (Table 1). The US images of
AP in tha CT group were anecheic to
hypoecheic areas, developing desply under a
well-defined hyperechaic band corresponding
to the buccal cortical bone plats, In the
presence of AP, the buccal plate was either
perforated or thinned {depending on the scan),
creating an acoustic window for the US waves
to access the lesions. A posterior acoustic
reinforcement fwhite rim) where the UT could
not penetrate any futther was the common
additional feature at the deepest part of the
lesion™” (Fig. 14 and B). In the echographic
images of all APST cases, there was a
detectabie interruption of the cortical bone
plate (Fig. 24-F) necessary for the discharge of
exudation from the lesion to the soft tissues, In
the B-mode US images, the STs appearad as
dishomogenecus, hypoechoic pathways lined
by echogenic and reinforced walls, connecting
the lesion to the intra- or extraoral tissues



TABLE 1 - Data Collection of the Apical Periodontitis (AP} Lesions Investigated by Ultrasound {US} Real-time Examination

no. Sex Age Teeth US diagnosis Diagnostic group

1 F 50 3.4 AP with ST Case’
2 F 25 1.2, 11 AP with ST Case

3 F 56 3.6 AP with ST Case

4 I 57 3.6 AP with ST Case

5 F 35 1.6 AP with ST Case
5] I 52 12 AP with 5T Case

7 F 54 37 AP with 3T Case

8 %l 57 1.6 AP with ST Case

9 F &0 3.4, 3.8 AP with 5T Case
10 F 42 1.6 AP with ST Case
11 F 24 3.6 AP Cantrol
12 hA 53 1.1,1.2 AP Control
13 F 73 12 AP Control
14 % 68 4.3 AP Control
15 [ 37 36 AP Control
16 i 24 4.7 AP Control
17 F 70 23 AP Control
18 %l 50 2.1 AP Contraol
19 F 25 2.6 AP Caontrol
20 F 42 2.5 AP Canrtral

a0, 3-dimensional; F, lemale; 8, males 3T, sinus lract,

where the stoma opened (9 cases and 1 case,
respectivelyl. When these tracts reached the
alveolar mucosa, they were framed by an
echogenic area at the interface betweaen the
buccal oral tissues and the cortical plate

{Fig. 2. In the ecans of the extraoral ST, which
generated from tooth #12 and opened at the
skin surface of the right manclible, the
nypoechoic band crossed the muscular layer
of the buccinator to reach the surface (Fig. 3A-
F). The observers diagnosed the absence of an
ST in all the images of the CT group and

highlighted the presence and route of an ST in
9 out of 10 images in the APST group. In 1
casa, there was a mismatch between the
observers in the tracing of the 5T path, and the
diagnosis of ST could not be validated. After a
consensus with the nonblincled examiners was
reached, 1 of the pathways was considered
correct. In & of the APST cases, the whole ST
could be entirely framed within a single scan.
However, in 4 cases {patients #4, 6, 7, and 8},
the pathway of the ST was particularly torfuous
and required mors scans to be traced. Inthase

Doppler signal 3D moedality
Absent Mot performed
Present Parformed
Absent Not performed
Present Performed
Present Ferformed
Present Performed
Present Performed
Absent Performed
Present Perfarmed
Absent Not performed
Absent Not performed
Absent Not performed
Present Performed
Present Performed
Absent Performed
Present Nat performed
Abseri Not performed
Absent Not performed
Absent Mot performed
Absent Not, performed

cases, a 30 image of the entirs tract was
obtained with the 3D elaboration mads (30
rendering multislice view) (Fig. 44-F). The
results from the CPD showed no vascular
signal within the lumen of all the tracts;
however, in 5 patients®? 7, small vessels were
iclentified along the schogenic walls of the ST,
revealing a possible inflammatory reaction
{Fig. 4. At the first examination, the level of
interobserver agreameant was very high {Cohan
k = 0.9). The 2 obeervers confirmed the results
2 weeks later (Cohen « = 0.9). In addition, the

FIGURE 1 — (4} An echographic image of AP showing an intact cortical bone plate (arrows) and the posterior acoustic reinforcement farrowhead). {B) A perapical radiograph

depicting the same |esion {tonth #7}.



FIGURE 2 - {A) An ecographic representation of an ST interrupting the cortical bone plate (arrowhead) depictad 45 & dishoma , ypoechalc ned by

lIs | The same ST fra eriapical radiograph (tooth #7). (£} The correspond alimage. (& fer 8T
pl throlgh a breach . (£} The same ST traced with a periapical radiograph (footh #3). {F) A clinical image of the comesponding
intracbserver agreement calculated 2 weeks characteristic curve analysis (Fig. 59, the DISCUSSION
later showed a kappa valus of 1.00. This diagnostic accuracy of the US examination to L
technigue showed high sensitivity and a detect STs had a mean value of 97.5% in the ﬁchle\nnlg new and more c.omplelte .
negative predictive value and 1009% specificity blinded observers. In addition, the Fisher exact qurmahon on S,TS IS of primary interest in
and a positive predictive value (Table 2), test showed a statistical significance for both clinicel endgdontlcs because the presence of
Agcording 1o the recelver operating observers (P < .08, Table 2). a preoperafive ST has been reponfsd 1o
reduce the odds of success of perfapical
FIGURE 3~ (4] Anc cimage of an cxtraoral ST{ ar th and the {d}
mandibuiar bone. (B) perspective of the same le ca el {2 Clinical
detail of the us stama. (£} A posto radi he 3 radiograph

showing the sive movement of the g
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he 48% and 10 increase the hazard
af 58 by 120%2°. The difficulty in the
healing of STs has been explained in the past
with the presence of an epithelial lining
throughout the tract™ 3%, which would

the closure of the pathologic pathway

the adequate treatrnent of the root canal
infection. Epithelislization a3 the causs of
failure has been dispelled by the evidence
that the persistencs of infection was a more
important reason for the lack of resolution of
the ST, Concertrations above the
average oOf specific p in itraradicular
infaction have been d responsible
for the poorer prognasis of teeth with chronic
apical abscesses; yet, ant
differences wers found cases with
and without STs in terms of total bacienzal
counts®. Finally, the persistenice of STs has
been attributed to the presence of
extraradicular infections such as
actinomycosis™, but there is stil no definits
avidenca that an extraradicular infection alone
can sustain refractory periapical
inflammation®*®, Indeed, in a recent

imens
vase
} and

histobactetiologic study on 24 biopsy
specimens from roots of teeth associated
with AP and an 8T, the authors highlighted
the complexity of the infection that
characterized those cases, They reported
that 83% of the samples had a compound
infectious pattern that involved the canal
systarn, the perigpical lesion, and the
axtraradicular fraction of the root, the laiter

5 der iofim
nt it , this
first to

assess the potential of US to scan STs, track
their pathways, and evaluate their vascularity.

onl the has
rep plicat 5 of
cut of en rst

misdiagnosed and overtreated with invasive
and unnecessary inferventicns. In the
mentioned study, & linear high-frequency US
probe was used 1o investigate the lesions in
the skin; the tracts were described as
bands connecting the skin to the
g with a distinguished CPD signal
at the periphery of 2 lesions, as observed in

TABLE 2 - Data Analysis of the Results Obtained by the Blinded Obsarvers during the Different Examinations

MR =

Specificity PPV NPV
100 100 100
100 10D =3
100 100 100
100 100 a1

NP, niegative pradictive valus, PPV, positive predictive value; BOC, receiver operating characleristic

and {ing). (T} A periapical
alra . [EY Evaluation of the
wall

some of our cases, yet they did not highlight
the pathway of the STsY. The results of this
stucly showed that US examination was
feasible to visualize and track the path of an
5T of endodontic origin. The commen
procedure used to trace a chronic apical
abscess contemplated the insertion of a
gutta- ne through t of the
ST fol a periapical of the
area to achieve an indirect image of the tract
{Fig. 2B and £'*'® With US imaging, the
voute of drainage of the fluid can be
completely imaged from the perigpical lesion
10 the stoma of the ST (Figs. 2 and 3). The
reconstruction of the images with the 3D
mode can also disclose 3-dimensionally the

ay of th
arities & entation
examin allows

the assessment of the vascular pattern and,
consaguently, the inflammatory response of
the tissues surrounding the ST. Moreover, the
techrigue has the serious advantage of not
using ionizing . The choice of a
linear multifreq e in this experimeant

ROC

100
95
100
95
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FIGURE 5 — Receiver operating charasteristic curve farea under the curve)

is justified because lower fraquencies can
penetrate deeper within the bone defect,
whersas higher frequencies permit
visualization of the soft tissues and the STs
with a better definition®®, Although the
sxamination should be perforred in real time
te achisve the most from its diagnastic
power, the analysis of the images parformed
from the blinded examiners aftar their
acquisition showed high values of sensibility,
specificity, and accuracy (Tabls 2). The time
necessary to obtain the US image of the ST
on a selected area s longer than making a
radiograph; on the other hand, ance the
image is obtained, using the CPD or the 3D
extension is relatively fast.

The amall number of casas constitutes 1
of the main limitations of the statistical
significance of the present studly, and in order
10 determine the power of the associations of
the: abssrvations, we have performed a
statistical test of significance. One of the
reported limitations of US examination is that it
requires a learning curve and that the
interpretation of the images necessitates
training and a cartain level of experience® 7.
Nevertheless, good training may erable most
ciinicians to perform and analyze the images
hecause the anatomic layers that need to be
crosssd by the US waves to reach the lesions
and the STs are the skin, the alveolar mueesa,
and the cortical bone plate,
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analysis showing the diagnostic accuracy of the technique for the hlinded cbservers
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oral mucosa or the skin. Future studies are
needsd 0 standardize the technigue. To
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CLINICAL RESEARCH

The 5-Year Survival Rate of
Nonsurgical Endodontic
Treatment: A Population-based
Cohort Study in Korea

ABSTRACT

Introduction: The purpose of the current population-based study was to analyze the S-ysar
survival rate of teeth that received nonsurgical endodontic treatment, Specilically, the vari-

ahles hie 5-ysar survival rates
Meth present study included
National Health Insurance Cohort database of
records of the sample to the and of 2015, the
treatmant {(RCT) and re-BCT were analyzed.

h type, number of visits, and ru

ing variables. Results: In total,
teeth recelved re-RCT, Five-year survival rate
survival rate of teeth that received initial RCT
received re-RCT. Spacifically, re-RCT showe
12 months than during other intervals. Furthe
positively affected the S-year tooth survival
the Institution type, mandibular teeth, anter
Conclusions: Because of its high 5-year su

e
cl as
d 429
g The

h, initial RGT, and use of rubber dam.
rate, endodontic treatment is an effective

method for maintaining natural teeth. (J Endod 2019;45:1192-1193.}
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Endodaontic treatment; Initial root canal treatmenit; population-based study, re-RCT; survival

rate

Studies examining the success or survval rate
a period of time may report varying results depe
and whether the success or survival rate is inve
teeth that received initial RCT was 95 4%, and that
However, aretrospeclive st "

. 1376 teeth and 624 teeth,

outcomes by using muliple methods to accurately |

Recently, medical data pools have increased
collection and storage technology. In endodontics, a
vate of endodontically ireated teeth can be efficient,
advantage of a population-based study analysis is t



providers, clinical setfings, and techniques that
is guickly gathered'™"" This allows for new
insights and sclentffic discoveries in many
fields, including derital research, that ray
inform treatment outcomes.

The purpose of this population-based
stucly was to investigate the 5-year survival
rates of endodontically treated teeth. Data
from the National Haalth Insurance Cohort
Databass (NHICD) provided by the Health
Insurance Review and Assessmant Service
were analyzed to determine the variables
affecting the S-year survival rates of
endodontically treated testh, These results wil
help inform clinicians about the factors they
need tc consider when parforming nonsurgical
endodontic treatmeant.

MATERIALS AND METHODS

Study Population and Exclusion
Criteria
The current study was approved by the
Institutional Review Board of Yonsei University
Dental Hospital {approval number: 2-2016-
0039). Except for the cases that qualified Tor
exclusion, all recorded data related to teeth
that received nonsurgical endodontic
treatrment (ie, initial RGT, re-RCT) throughout
the Republic of Korea in 2010 were included.
By tracing the dental records of the sample to
the end of 2015, the 5-year survival rates of
initial RCT and re-RCT were analyzed. All of the
extraction codes are included in the
relmbursable items in the Korean National
Health Insurance data sat. Therefore, teeth
that were not coded as extracted were
assumed to be surviving at the end of 2015,
The exclusion criteria for testh that
received initial RCT and re-RCT were as
tolows:

1. involvement of deciduous testh:
2. involvement of third molars;

3. pulpotomy; and

4. data errors,

Each treatrment method was identified
by a specific treatment code finitial RCT:
UQ0BA, L0121, and UD1286; re-RCT: Uz2485),
Cases were considered to have data arrors
when extraction codes were applied before the
release of endodontic treatment codes.

Confounding Variables

The confounding variables that were extractecl
from the insurance cohort database included
the treatment type, gender, age, institution
type, diagnosis, arch type, tooth type, canal
filing method, number of visits, and use of
rubber dam. Age was divided into 4 groups (e,
220, 20-39, 40-64, =65). The institution type
variable indicated where the patients

undarwent the treatment and was divided into
2 groups {ie, dental hospital [code number 41]
and local dental ciinic [code number 51]). The
top 10 diagnoses codss (ie, asymptomatic
ireversible pulpitis [NHICD code: caries of
dentin and caries of cementum), symptomatic
irreversible pulpitis [INHIGD code: pulpitis], pulp
necrosis [NHICD code: pulp necrosis and pulp
degeneration], symptornatic apical
periodontitis INHICD code: acute apical
periodontitis], asymptormatic apical
periadontitis [NHICD code: chronic apical
periodontitis and chronic periodontitis],
chronic apical abscess NHICD code:
periapical abscess with sinus], and acute
apical abscess [NHICD code; periapical
abscess without sinus]) for endodontic
treatment ware selected within the scope of
the NHICD. The arch-type variable indicated
maxillary or mandibular teeth. The toath-type
variatle indicated anterior, premolar, or molar
teath. The number of visits was categotized as
single or multiple. Finally, use of a rubher dam
by the medical professional was also
investigated in the present studly.

Statistical Analyses

The x* test was performed to compare the
curnulative survival rate for a fixed period

{01 year, 1-2 years, 2-3 years, 3—4 vears,
4-5 vears, and 5 vears) after nonsurgical
endodontic treatment in 2010. For the primary
analysis, the Cochran-Mantel-Haenszel x°
test, with an adjustment for the treatment type
{ie, initial RCT, re-RCT), was conducted to test
whether the extraction rate was different
betweasn groups. Specifically, the Cochrar—
Armitage trend test was performed to analyze
the association between the extraction rate
and the tollow-up period arter either initial RCT
or re-RCT. Simple and multiple Cox regression
analyses were used to evaluate the
significance of the treatment method,
Covariates included gender, age, institution
type, arch type, tooth type, treatment type,
number of visits, and use of rubber dam.
Whereas the survival probability was
calculated by using Kaplan-Meier analysis with
a95% confidence level, a log-rank test was
conducted to determine whether significant
diffetences existed. The SAS statistical
package {version 9.4; SAS Institute, Cary, NC)
was used to perform all the analyses in the
present study. A P value < .05 was considered
significant.

RESULTS

A flowchart describing the enroliment proCess
for the current study can be found in Figure 1.
The total number of teeth included in the

database was 3,703,450. The following cases
were excluded: 456,347 daciduous teath,
47,896 third molars, 152,868 pulpotormy
cases, and 7161 cases with data errors. Aftar
exclusion, 3,040,178 teeth wers includad in
the initial RCT and re-RCT study. The number
of teeth that received initial RCT was
2,866,749, with a 5-year survival rate of
90.85% (2,604,456/2 866,749). The number
of teeth that unclerwent re-RCT was 173,429,
with & 5-year survival rate of 88.42% {153,339/
173,429} (Tables 1 and 2). The extraction rates
after initial RCT were 1.58% (01 year), 1.46%
(1-2 years), 1.58% (2-3 years), 1.72% (3—

4 years), 1.85% {4-5 years), and 0.96%

(5 years} The extraction rates after re-RCT
were 3.24% (0-1 year), 1.81% (1-2 years),
1.83% (2-3 years), 1.79% (34 years), 1.94 (4-
b vearsh, and 0.97% (5 years) (Table 1).

Figure 2 shows the cumulative surval
probabilities of those testh that received initial
RCT and re-RCT, using the Kaplan-Maier
survival analysis, The 5-year survival rate was
higher for those teeth that underwent initial
RCT than those that received re-RCT. All
variables except the number of visits
(P = .4298) were statistically significant
(Table 2).

Tahle 3 illustrates the results of tha
Cochran-Armitage trend test for the extraction
rate {100% survival rate) and the follow-up
period after either initial RCT or re-RCT.
Although the extraction rate was Tound to
increase with time in the initial RCT cases, the
re-RCT cases had a significantty higher
extraction rate at the 12-month time point
(1.58% for initial RCT v 3.24% for re-RCT)
{Tables 1 and 2}, The difference betweesn PCT
and re-RCT extraction rates decreased during
the 5-year period but remained higher in the re-
RCT group. Those testh that recsived re-RCT
presented a statistically higher extraction rate
in the O—1-year interval than in all the othsr
irtervals.

Table 4 shows the resuits of the simple
and multiple Cox proportional hazard analyses
of contributing risk factors. These include the
patient characteristics, institution type, arch
type, tooth type, treatment type, number of
visite, and use of rubber dam by the medical
professional for tooth extraction after
enclodontic treatment. The tooth extraction
rate for female patients was Tound to be
sighificantly less than that for male patiants
(hazard ratio [HR] = 0.68; 956% confidance
interval [CI, 0.67-0.68; P - .0001).
Furthermore, tha extraction rate was
significantly lowsr in the graup younger than
20 years than in the other age groups, with
extraction rate increasing with age (F < .000T).
The tooth extraction rate was statistically lower
when extraction was performad at the hospital,



Flow chart

2,496,857 patients /
Teeth #»=3,703.450

2,179,071 patients /
Teeth 7=3,200,207

2,086,840 patients /
Teeth p—3,040,178
{RCT vz re-RCT)

FIGURE 1 — Flowchart describing the enroliment process for the cumenl study.

as well as when it was performed on
mandibular leeth and anterior teeth

(P = .0001). Moreover, the extraction rate af
teeth that received re-RCT was 1.44 times
higher than that of teeth that underwent inftial
ROT (HR = 1.44; 95% Cl, 1.42-1.46;

P =2 0001 Finally, the extraction rate was
significanitly lower when rubber dam was used
(HR = 0.84; 95% Cl, 0.83-0.85, P -7 .0001)
than when it was not usaed. [n contrast, &
statistical difference in the extraction rate
bazed on the number of visits was not
obsarved [P = .5745)

DISCUSSION

This retrospective, population-based analysis
included the majority of RCT and re-RGCT teeth
axiractions among the entire Korean
population in 2010. Because Koreans are

aohliged to join the health insurance, all
nonsurgical endodontic treatments concucted
in the Republic of Korea would be included in
the present study except for those in a few
overzeas Koreans. All teeth reported 1o recelve
endodornitic treatrment in any clinical field in the
Republic of Korea in 2010 were included in the
curvent research. Therefore, a large sample
size (=3 million testh) and the long Tollow-up
periods (>5 years} after endodontic treatment
vendered results mere refiable and eliminated
the various biases in previous studies.
Furthermore, because of the advantages
provided by population-based analysis, a vast
amount of data obtained between 2010 and
2015 was quickly available to observe the rols
of multiple variables on teeth extraction.
Impartantly, considering that few
imestigations have used population-based
analysis i the endodantic field, the current

TABLE 1 - The 5-Ysar Survival Rates of Teeth That Received Intial RCT and ra-RCT in 2010

Initial RCT {nh =
Survival teeth (n, %)
Tirne interval

0-1 year 2,821,414 08.42
1-2 years 2.779,675 96.96
2-3years 2,734,380 95.38
34 years 2,684,908 93.86
4-4 years 2,631,872 91.81
& years 2,604,456 90.85

P values wore caleulated by x° tests

2,866,749
Extracted teeth {n, %)

45,335 158 167,808 9676
41,739 1.46 164,666 9485
45,295 1.68 161,489 9312
40,472 172 158306 9133
52,936 185 155033 88.39
27,516 0.96 153,339 B8.42

Exolusion @ #—503,243
- RCT for deciduous leeth
(n=455,347)
- RCT for third maolar
(n—=47,5896}

Exclusion ; s=181,902
- pulpotomy (#=152,568)
- data errors (#=7,161)

study could have strong sigrificance and
impfications.

Ng et al® reporled the 4-year cumulative
survival rates of tecth that received initiat RCT
and re-RCT as statislically similar (35.4% and
05.3%, respectively). However, in the present
studly, the 5-year survival rate of teeth that
receivad initial RCT was found to be
significanlly higher than that of those testh that
receivor re-RCT {Tables 1-3). Loss of foath
structure may centribute to a lower survival
rate of leeth undergoing re-RCT than those
undergoing initial RCT. Shemesh et al'®
reported that refreatment procedures could
significantly damage the root and restit in
cracks and fractures. Another factor affecting
the difference in survival rale between initial
RCT and re-RCT is efficiency of disinfection.
Preexisting roat canal filing materiale, post and
cove, and separated filos can firmit the

Re-RCT (n = 173,429)
Survival testh (n, %}

Extracted teeth (m, %) P value
5621 3.24 =,0001
3142 1.81
3177 1.83
3003 1.79
3363 1.94
1694 0.97



TABLE 2 - The h-Year Survival Rates of Tecth Thal Received Initial RCT and re-RET in 2010 Based on the Confounding Variables (7 = 3,040,178)

Variables

Gendar
IWale
Female
Age ly)
<20
70-39
4064
=65
Institution lypc
Hospital
Local clinic
Top 10 disgnoses codes
Agyrmptomatic irreversible pulpitis
Caries of dentin
Caries of cementum
Syrmptomatic ireversible pulpitis
Pulpitis
Pulp necrosis
Pulp necrosis
Fulp degeneration
Symptomatic apical periodontitis
Acute apical perindontitis
Asymptomatic apical periodontilis
Chronic apical periodorntitis
Chronic pericdontitis
Chironic apical abscoss
Periapical abscess with sinus
Acute apical abscess
Periapical abscess without sinus
Arch lype
Maxillary teeth
Mandibutar teeth
Taath type
Arterior
Prermolar
Wiolar
Ma. of visits
Singie
hMultiple
Use of rubber dam
Withaout rubber dam
With rubber dam

Initial RCT {n = 2,866,749}
Survival teeth {1, %)

1,265,870 80.19
1,336,686 92.47
217,169 98.21
718,699 95.84
1,279,866 89.34
388,722 84.77
48,408 9215
2,506,045 ac.74
56,829 8377
29,742 9345
2,003,701 91.23
48,536 90.66
26,468 92.03
50,079 90.32
41,472 87.97
23,001 86.77
42581 86.75
168,174 87.63
1,471,345 90.74
1,130,111 90.99
588,646 21.48
734,889 91.50
1,280,921 90.12
16834 &8s
2,602,822 90.85
2,328,964 80.62
275,492 02.82

7 vahies wors caloulaled by Cochran-Manlal Haengeo 2 tents

penetration of disinfectants and decrease the
eflactiveness of re-RCT'™1%, Remaving
contaminated root canal matarial is important
in re-RCT; however, this process is very
challenging'®. The bacteria detected in
persistent infection have more diverse hacterial
comimunities than those detected in primary
infection and rmay have a negative effect on
sunvval rate'®. Finally, microorganisms
detected in persistont infection, such as
Enterococcus faccalis, tend to be mare
resistant 1o intracanal medicarmoents’”,
Moreover, the extraction rate of taeth
that received initial RCT (1.58%) was less than
half that of those testh that received re-RCT
{3.24%) in the 0-1-year petiod. Similar

pattermns were observed in the other pariods,
ie, 1.46% vs 1.81%, 1.58% vs 1.83%, 1.72%
ve 1.79%, 1.85% vs 1.94%, and 0.96% vs
0.97%, respectively. Those teeth that received
re-RCT preserited the highest extraction rate in
the {-1-year poriod; this gradually decreased
during the following years. Therefore, teeth that
receive re-RCT require both an active recall
check within 1 year from the treatment and an
effort to maintain the natural teeth through
vither additional re-RCT or apical surgery when
needed rather than extraction at an early paint.
These findings validate previous findings
indicating the occurrence of chronic apical
periodontitis or healing within the first year after
endadontic treatmont?”,

Re-RCT {n ~ 173,429)

Survival teeth {n, %) P value
64,059 86.11 =.0001
89,280 9015

9321 94,23 =2 0001
55,131 93,44
71,544 B86.42
17,343 773
12,112 90.89 =2.0001

141,227 B8.21
2393 a 0o --,0001

811 89.32

74,635 £8.43

4002 50.09

2237 90.02

2413 38.36

6672 59.38

2170 B6.59

7992 86.86
41,747 83.91
a4,924 £29.23 =.0001
68 415 87.42
36,959 92.16 =, 0001
40,142 88.72
76,238 B86.56

a2 8011 A298
152,747 88.41

129,906 88.14 =.0001
23,433 £9.98

In the current study, it was noted that
the survival rate of testh after nonsurgical
endodontic treatment was significantly higher
in fermale patients than in male patients.
Several reasons for this difference are possible.
These include prosthetic problemns, vertical
reot fracture (VRF), periodontal problems,
endodontic problems, and derital caries'12,
With regard to VRF, 2 previous study indicated
that male patients are at higher risk of tooth
extraction than female patients®”, considering
that they present stronger occlusal bite forces,
increased attrition, a habit of chewing harder
and tougher food, and a lass flexible
supporting boene structure than that presented
by female patients”. In addition, such a result
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FIGURE 2 — Cumulative survival probabilities for teeth that received initial RCT and re-RCT

can be interpreted as a loss of the prolective
pulpal reflexes because of the reduction of the
erucial protective feedback and pulp
proprioception in male patients™, However,
several pravious studies have veparted the
differance in incidences of extraction between
male and female patients to be statistically
insignificant' %!, This may result from the
difterences in eating and oral habits among
Koreans as well as the increased statistical
power of papulation-based studies because of
their large sample sizes, The incidence of teeth
exiraction because of pericdontal problems
after endodontic treatment varied between
5.5% and 40.3% %25, In addition, a previous
raport described that periodoniitis ooclred
more frequently in male patients because
ferale patients had better oral hygiene than
male patients, and access to dental care is
easier for female patients®#”, Therefore, there
are marty potential contributing factors to the
statistically significant difference betwean male
and fernale treatrnent outcomes.

In this study, the survival rate decreased
with age, which is in concordance with
previous investigations®>*®. There are several
reasons for considering young age as a
positive progrostic factor for tooth sunvival
rate. For instance, VRF is less common in the

groups u eir are

tto the c fo
Furthermare, young pedple have more residual
tooth structure compared with alder psople
because they have underiakan fewer
restorative interventions®.

In addition, a previous popLiation-based
cohort study showed that larger dental
institutions are positively correlated with
improved outcome®, which is in concordance
with the results from our investigation. This
may be a result of the advanced devices used,
such as the microscopa and cong-bearm
computed tornagraphy, or the improved skillful
technigues used, including re-RCT and apical
surgery. The survival rate appears 1o be even
hetter in difficult cases when treated in dental

TABLE 3 - Results of the Cochran—Armilage Trend Test Between the Rate of Exlraction and the Follow-up Period after

Either Initial RCT or re-RCT {7 = 3,040,178}

Initial RCT P value
Total initial RCT 44.99" =.0001
O0-1yws 1-2y 9.91 =000
23y 4.55* =2.0001
34y 20.90" <0001
A5y 34.84* =.0001
1-2yvs 2-3y 14.36* =2,0001
34y 30.59° =2.0001
45y 44.42* <0001
2-3yvs Iy 16.24" =.0001
A-5y 30.09" <0001
-4y vs 4-5y 13.88° <0001

P yalucs wers calculated by Gochran=Armitage frend tesls
Mndicates increase in Ihe extraction rate with time.

Re-RCT P value
Total Re-RCT 19.77 =.0001
O1ywvs 1-2 y 25.27 -.00H
2-3y 23.85 <. (0001
34y 24.08 =.0001
4-5y 19.82 =, 000
1-2 yvs -3y 1207 229
3y 0.90" 3663
45y 512* <0001
2-3yvs 34y 0.29 7
45y 3.91* = 000
34 yvs 45y 4.18* =000

hospitals®. In part, this may be due to the use
of rubber dams by students and residents in
educational institutions, which positively
affects the survival rates™,

Similar to previous studies, the
difference in survival rates betwean one-visit
and multiple-visit RCTs was not significant in
the gurrent investigation. According to a
recent study, a trial cormparing one-visit and
multiple-visit RCTs described them to have
similar success rates™. In addition, a
gystematic review and meta-analysis of cases
with apical pericdontitis identified an absence
of difference in the healing rates between the
2 frealment methods (P = 3809,
confirming the results obtained in the present
study.

Although the rate of endodoniic
treatrment with rubber dam was 10.682% in
the current study, it was 16.5% in the
population-based study of the National
Healih Insurance Research Database in
Taiwan™, According o previous research,
the ratio of the use of rubber dam varied from
109 to §9%2°. Use of rubber dams has been
associated with reportedly higher tooth
survival rates in several studieg?* 23298255,
Considering that il is possible 1o reduce
90%—-08% of the microorganisms in dental
treatment by using a rubber dam™, using it
during initial RCT results in a statistically
higher survival rate™

This study has some limilations Al
patients who received nonsurgical
endodontic treatment throughout the
Republic of Korea in 2010 were followed up
to determine whether endodontically treaied
teath were extracted by the end of 2015,
Because the amount of data collscted during
this procedure exceeded the amount of data
that the Health Insurance Review and
Assessment Service could provide, only the
first disease names for endodontic treatment
storad in the NHICD were included in the
present study, whereas the second and other
disease names ware not considered in the
analyses. Furthermore, we assumed that the
teeth that were not reported as exiracted
were surviving. However, some feeth may
have been extracted outside of the national
health insurance system. Such cases would
reduce the reported survival rate.

In the present study, tocth survival rates
after endadontic treatment were evaluated by
the presence of the extraction code in the
NHICD. In addition to the extraction, the
evaluation of patient symptoms, the function of
the teeth, and the assessment of the periapical
radiographs may influence the results.
Furthermore, although the rnain factor affecting
the survival rate of teeth ovor time after
endodontic treatment is the remaining coronal



TABLE 4 - Totaf Simple and Multiple Cox Proportional Hazard Analyses of the Conlributing Risk Factors, Which Include the Patients’ Gharactoristics, Inatitution Type, Arch Type, Tocth
Type, Treatment Type, Mumber of Visits, and Use of the Rubber Dam far Tooth Extraction after Either Initial RCT or re-RCT {m=13.040178)

Variables

Giender

Female vs male
Age ()

20392 vs =20

AQ-64 vs <20

»B5 vs <120
Ingtitution type

Local clinic vs hospital
Arch typs

Mandibuiar teath vs maxillary teeth
Tooth type

Premolar vs anterior

Molar vs antetior
Treatment type

Re-RCT vs initial RCT
MNo. of visits

Multiple visits vs single visit
Use of rubher dam

With R/D vs without R/D

O, confidence interval; | IR, hazard ratio; /D, rubhber dan,

Simple Cox regression

HR {95% CI) P value
0.62 (0.68-0.69) =.0001
113 (1101 .15} = 0001
2.91 (2.85-2.97) =200
4.28 (4.18-4.37) =2.0001
1,22 {1.20-1.25) <.0001
0.98 (0.98-0.99) 0004
1.02{1.01-1.03) 0001
1189 {1.18-1.20) =.0001
1.30 (1.28-1.32) <0001
1.00{0.88-1.14) 1.0000
0.77 (0.76-0.78} <. 0001

values were calcutated by simple and multiplo Cox regressions

tooth structure, we were not able to investigate
this variable in the current study®*. In addition,
it was not reported whether prosthetic
freatrment was performed after endodontic
treatment, because prosthstic treatment in the
Republic: of Korea is not included in the
insurance data, Moreover, it is not certain

whether lhe extraction was caused by an
endodontic problem.
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CLINICAL RESEARCH

Differences in Inflammation

and Bone Resorption between
Apical Granulomas, Radicular
Cysts, and Dentigerous Cysts

ABSTRACT

Introduction: Dental cysts can be of inflammatory {radicular cysts) of noninflammatory
{dentigerous cysts) origin. Apical periodontitis is a necrosis of the pulp and infection of the root
canal causing the development of apical granulomas or raclicular cysts. The immunology of

apical periodontitis is & with an i ion of myeloid inflammatory
markers and bone reso ameters. g celis and myeloid cells might be
more relevant for the pathogenesis of apical periodontitis than T cells. Increased inflammation
might promote the formation of radicular cysts and morg pronounced bone

resorption. (4 Fndod 2019,45:1200-1208.)

KEY WORDS

Apical granuioma; apical periodontitis; bone resorption; follicular cyst; periapical lesion;
raclicular cysts

Infection and necrosis of the dental pulp causes apical periodontitis, which manifests as apical

granulomas or radicular cysts. Both petiapical lesions have an in ry show a different

clinical coursa’. In contrast to radicular cysts, dentigarous cysis nifl cause® and are
g, api is is initi by
le inte ontic th is
ve the is regu
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3. Case Record

My cas from June 2015

Apical inflammatory root resorption on lower molar
tooth # 46
my colleague preferred the option of extraction or root
resection coz of massive bone resorption shown in the
radiography +age of the pt( 65 years) and the resorp-
tion. The pt was motivated to try, and the absence of
mobility and good oral hygiene motivated me for endo
treatment preparation was with reciproc 25 for the
mesial canals and i prefered hand files ( apical 30) then
30 Hero 4% for the distal, copious irrigation 2.5 %
sodium hypocrite alternatively with EDT.
As no apical constriction detected an intermediate
filling the canals with calcium hydroxide for 2 weeks, i
changed 2 times every tow weeks. ( but this was only
coz there was no time for this pt)
Then after one month and half when i detected the
difference ,, and an apical constriction was found obtu-
rated with warm vertical condensation.
6 months later he came and the result was good ,,, with
the glass ionomer temporary filling still in place .

Resource: httpsy//www.facebook.com/DentalCaseEveryDay/

As u requested Dr.Mohamed Alkhatib[X:)...
and thanxx for asking .
Onlays cementation materials :

Dual Cure Resin Cement is available in five popular
shades: White, White Opaque, Yellow, Brown and Clear.
It is easy to use and is packaged in a convenient
dual-chambered syringe with mixing tips.

Dual Cure Resin Cement is ideal for the cementation of
implant prostheses, crowns, bridges, inlays, onlays,
Maryland bridges and veneers. The cement is
radio-opaque and provides high compressive and
flexural strength and low solubility, which is required
for these types of restorations.

Resource: https//www.facebook.com/AlphaDental BI/?__tn__
=%2Cd%2CP-R&eid=ARD2fMHZZSLdx]DOXIRPHERAM36nSDZz
87Hyn030Z2Qe152)YPIQieAcon0ZMYB3MLN7gbK1ay5q3BKEIQ




1The use of a Hi-tech Intraoral camera to "scan" hidden 2.Re-Crowning of front teeth after root canal treatment
caries in between teeth was used in this case. No x-ray to protect, prolong and increase the chance of keeping

was used for this case. The white spot shows a demin- your tooth in the mouth for a much longer time.
eralized tooth structure. Available at Taman Bukit Restoring function and giving back a smile that is no
Indah. longer awkward.

Resource: https://www.facebook.com/DentalCasekveryDay/

Do you want to see your own teeth with
Superman's eyes?

Dental x-ray is one of the most effective tools to confirm a dentist's findings in your mouth. A small xray can be used
to see the severity of a cavity (caries), the condition of the gum, and also if there is any infection in the jaw bone
underneath the teeth. Whereas a big xray (OPG) can be used to check and monitor the condition of all your wisdom
teeth (upper and lower jaw) and also an overview of your oral cavity (teeth, gums, bone, sinus, joints, etc).

Our clinic uses high tech digital x-rays with very little radiation, way lesser than what you would receive during an
air-flight overseas.
Schedule an appointment with us today to have your condition checked!
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