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The periodontal considerations related to external 
morphology and surrounding structures are presented 
in nine sections:
 I. Definitions of basic periodontal terms
  II. The healthy periodontium
 A. Alveolar bone
 B. Tooth root surface
 C. Periodontal ligament (abbreviated PDL)
 D. Gingiva
III. Anatomy of diseased periodontium
 A. Gingivitis
 B. Periodontitis
 C. Gingival recession
IV. Periodontal measurements: indicators of disease 

and conditions
 A. Tooth mobility
 B. Probe depths
 C. Gingival margin level (gingival recession or 

non-recession)

 D. Clinical attachment loss (same as clinical 
attachment level)

 E. Bleeding on probing
 F. Furcation involvement
 G. Lack of attached gingiva (previously called a 

mucogingival defect)
 H. The plaque score (index)
   V. Relationship of periodontal disease and 

 restorations (fillings)
 VI. Relationship of tooth support and root 

 morphology
 VII. Influence of root anatomy and anomalies on the 

progression of periodontal disease
VIII. Periodontal disease therapies
 IX. The influence of root anatomy on periodontal 

instrumentation, oral hygiene instruction and 
 periodontal maintenance
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Part 2 | Application of Tooth Anatomy in Dental Practice198

The following definitions are important to the under-
standing of periodontal disease and related therapies. 
Complete definitions can be found in the Glossary of 
Periodontal Terms1 located on the Web site <http://www.
perio.org/resources-products/Perio-Terms-Glossary.pdf>.

1. Periodontium [pair e o DON she um] (or Periodontal 
Ligament Apparatus): The tissues that surround, 
envelop, or embed the teeth (Fig. 7-1) including the 
gingiva, cementum (covering the tooth root), peri-
odontal ligament, the supporting (alveolar) bone, 
and the alveolar mucosa.

2. Gingivitis [jin ji VIE tis]: Inflammation (disease) of 
the gingiva.

3. Periodontitis [per e o don TIE tis]: Inflammation (dis-
ease) of the supporting tissues of the teeth called the 
periodontium. (A spread of inflammation of the gin-
giva into the adjacent bone and periodontal  ligament 
usually results in a progressively destructive change 
leading to loss of bone and periodontal ligament.)

4. Periodontal diseases: Those pathologic processes 
affecting the periodontium, most often gingivitis and 
periodontitis.

5. Dental plaque [PLACK] (also known as biofilm): An 
organized layer consisting mainly of microorganisms 
that adhere to teeth (and other oral structures) and 
contribute to the development of gingival and peri-
odontal diseases, as well as to tooth decay ( dental 
caries).

6. Dental calculus [KAL kyoo les] (tartar): A hard 
mass that forms on teeth (or tooth substitutes) due 
to calcification of dental plaque.

7. Periodontics: That specialty of dentistry that 
 encompasses the prevention, diagnosis, and treat-
ment of diseases of the supporting tissues of the 
teeth or their substitutes; the maintenance of the 
health, function, and esthetics of these structures 
and tissues; and the replacement of lost teeth and 
supporting structures by grafting or implantation of 
natural and synthetic devices and materials.

8. Periodontist: A dental practitioner who, by virtue 
of special knowledge and training in the field, limits 
his or her practice or activities to periodontics.

DEFINITIONS OF BASIC PERIODONTAL TERMSSECTION I

W
hile the anatomy of the crown is signifi-
cant to tooth function, the root morphol-
ogy and healthy surrounding structures 
determine the actual support for the 

teeth. This chapter focuses on how external root mor-
phology affects the prevention and progression of 
disease of the supporting structures called the periodon-
tium, and how tooth support and stability are affected 
when the supporting structures of the tooth become 

diseased. An emphasis is placed on periodontal disease 
initiation, the measurements and descriptions that can 
be used to differentiate periodontal health from disease, 
and the therapies that can be used to arrest or prevent 
the disease. The important relationship of periodontal 
disease relative to the placement of fillings and crowns 
and the relevance of root anatomy to the removal of 
harmful deposits that can form on the roots are also 
introduced.

OBJECTIVES

This chapter is designed to prepare the learner to per-
form the following:
• Identify the components of a healthy periodontium.
• List the functions of gingiva, the periodontal liga-

ment, alveolar bone, and cementum.
• Describe and recognize the signs of gingivitis, perio-

dontitis, and gingival recession.
• Describe the periodontal measurements that can 

be used to differentiate periodontal diseases from 

periodontal health and record these findings on a 
dental chart.

• Describe the relationship of periodontal disease 
with restorations placed close to the gingival 
attachment (dentogingival junction).

• Describe the relationship of root morphology with 
tooth support.

• List contemporary methods of periodontal therapy.
• Describe challenges for periodontal instrumentation 

relative to root anatomy.
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FIGURE 7-1. Cross section of a tooth within its periodontium. Mesial side of a mandibular left first premolar suspended in its 
alveolus by groups of fibers of the periodontal ligament. Periodontal ligament fibers include the apical, oblique, horizontal, and 
 alveolar crest fibers. Other fibers include free gingival fibers, and a sixth group (not visible in this view) called transseptal fibers that 
run directly from the cementum of one tooth to the cementum of the adjacent tooth at a level between the free gingiva and alveolar 
crest fibers. The fibers of the periodontal ligament are much shorter than depicted here, averaging only 0.2 mm long.

THE HEALTHY PERIODONTIUMSECTION II

The periodontium is defined as the supporting tissues 
of the teeth including surrounding alveolar bone, the 
gingiva, the periodontal ligament, and the outer layer 
of the tooth roots (all identified in Fig. 7-1).

A. ALVEOLAR BONE

The right and left maxillae bones together, and the man-
dible, both have a process of bone called the alveolar 
[al VEE o lar] process that surrounds the roots of all 
healthy teeth in that arch. The root of each erupted tooth 
is embedded in an individual alveolus [al VEE o lus] 
(plural alveoli) or tooth socket whose shape corresponds 
closely with the shape of the roots of the tooth it sur-
rounds. Each alveolus is lined with a thin compact layer 
of bone seen on a radiograph (x-ray) as the lamina dura.

B. TOOTH ROOT SURFACE

Tooth roots are covered by a thin layer of cementum.

C. PERIODONTAL LIGAMENT 
(ABBREVIATED PDL)

The periodontal ligament is a very thin ligament com-
posed of many fibers that connects the outer layer of 
the tooth root (which is covered with cementum) 
with the thin layer of dense bone (lamina dura) lining 
each alveolus or tooth socket. The groups of fibers 
of the periodontal ligament represented in Figure 7-1 
are greatly enlarged. The entire thickness of the lig-
ament would normally be less than one fourth of a 
millimeter.
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D. GINGIVA

The gingiva [JIN je va] is the part of the oral tissue 
(oral mucosa) covered by keratinized epithelium. It 
covers the alveolar processes of the jaws and surrounds 
the portions of the teeth near where the root and crown 
join (cervical portion). The gingiva is the only visible 
part of the periodontium that can be seen in the mouth 
during an oral examination.

1. APPEARANCE OF HEALTHY GINGIVA

Healthy gingiva varies in appearance from individual to 
individual and in different areas of the same mouth. It 
is usually pink or coral pink (Fig. 7-2), but in many per-
sons with darkly colored and black skin, and in many 
persons of Mediterranean origin, healthy gingiva may 
have brown masking pigmentation (melanin pigmenta-
tion) (Fig. 7-3). Healthy gingiva is also resilient and firm 
and does not bleed when probed. Its surface texture is 
stippled, similar to that of an orange peel. The margins 
of healthy gingiva are thin in profile and knife edged. 
The shape of the facial gingival margin around each 
tooth somewhat parallels the cementoenamel junction 
(CEJ), so it is shaped like a parabolic arch (similar in 
shape to the McDonald’s arches). Surface stippling and 
the parabolic arch pattern around each anterior tooth 
are evident in Figure 7-4. Characteristics of normal gin-
giva are listed later in Table 7-1 along with the traits of 
diseased gingiva.

2. ZONES OF GINGIVA

Gingiva can be divided into several zones as shown 
in Figure 7-5. Beginning at the gingival margin, the 

zones include the free gingiva and interdental papilla, 
the free gingival groove (when present), attached gin-
giva (highly keratinized and rich in collagen), and the 
mucogingival junction. The alveolar mucosa is the 
movable tissue rich in blood vessels that lines the part 
of the mouth between the attached gingiva and the lips, 
cheeks, and tongue.

a. Free Gingiva

The zone closest to the tooth crown is the free gin-
giva, which is the tissue that is not firmly attached to 
the tooth or alveolar bone. It surrounds each tooth to 
form a collar of tissue with a potential space or gin-
gival sulcus (crevice) hidden between itself and the 
tooth. Free gingiva extends from the gingival margin 
(the edge of gingiva closest to the chewing or incising 

FIGURE 7-3. Gingiva with heavy melanin (brownish) 
 pigmentation, normal for many ethnic groups. (Note that there 
is evidence of slight gingival disease.)

FIGURE 7-4. Close-up view of healthy maxillary gingiva. 
Note the ideal scalloped contours, knife edges, and stippled 
(orange peel) surface texture that is usually most noticeable on 
the maxillary labial attached gingiva.

Buccal
frenum

Labial frenum

FIGURE 7-2. Healthy gingiva showing stippling (orange 
peel texture), knife-edge border of the free gingiva that is scal-
loped in shape, and interproximal papillae that fill the lingual 
embrasures (interproximal spaces). Also, notice the labial fre-
num in the midline, and the two buccal frenums that extend 
from the alveolar mucosa of the cheeks to the attached gingiva 
buccal to the maxillary premolars.
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surfaces of the teeth) to the free gingival groove (vis-
ible in about one third of adults) that separates free gin-
giva from attached gingiva. The interdental gingiva or 
interproximal papilla [pah PILL ah] (plural is papillae 
[pa PILL ee]) is that part of the free gingiva between 
two adjacent teeth. A healthy papilla conforms to the 
space between two teeth, so it is very thin near where 
the adjacent teeth contact. There is a depression in the 
gingival tissue of the interproximal papilla just apical to 
the tooth contact called a col. The papilla “hides” the 
interproximal portion of the gingival sulcus that sur-
rounds each tooth. Once dental floss is passed through 
an interproximal contact, it must first be slipped into 
the sulcus around one tooth in order to remove plaque 

from its root, and then must be adapted around the 
adjacent tooth in order to clean its root. Care must be 
taken to avoid damaging the papilla in the process.

The gingival sulcus is not seen visually but can be 
evaluated with a periodontal probe since it is actually a 
potential space between the tooth surface and the nar-
row unattached cervical collar of free gingiva (Fig. 7-6). 
The gingival sulcus is lined with the sulcular epithe-
lium. It extends from the free gingival margin to the 
junctional epithelium (averaging 0.69 mm in depth).2 
Junctional epithelium or epithelial attachment (seen in 
cross section in Fig. 7-1) is a band of tissue at the most 
apical portion of the gingival sulcus that attaches the 
gingiva to the tooth. It averages almost 1 mm wide.2 

Table 7-1 CHARACTERISTICS OF NORMAL GINGIVA COMPARED TO DISEASED GINGIVA

GINGIVAL CHARACTERISTICS NORMAL/HEALTHY TRAITS NOT NORMAL/DISEASE TRAITS

Size and shape
 Papillae Fill embrasures, thin Blunted; bulbous; cratered
 Margins Knife edged in profile Rolled (thickened) in profile
 Scallops Present and normal, parabolic Flattened; exaggerated; reversed; clefted
Color Coral pink, or pink with masking 

 melanin pigmentation
Red, bluish-red cyanotic

Consistency Resilient, firm, not retractable with air Soft and spongy, air retractable
Surface texture Stippled (orange peel); matte (dull) Smooth and shiny (glazed); pebbled (coarse texture)
Bleeding None Upon probing or spontaneous
Mucogingival defect None (adequate zone of keratinized 

 gingiva)
Pockets traverse mucogingival junction; lack of 
 keratinized gingiva; frenum inserts on marginal gingiva

Suppuration 
(purulent  exudate or pus)

None Exudate is expressed when the gingival pocket wall is 
compressed; exudate streams out of the pocket after 
probing

FIGURE 7-5. Clinical zones of the gingiva. Note that the interdental papillae fill the interproximal spaces. The more heavily 
 keratinized, lighter (pinker) attached gingiva can be distinguished from the darker (redder), less  keratinized alveolar mucosa.

Alveolar mucosa
Mucogingival junction

Zone of attached gingiva

Gingival groove Zone between
is free gingiva
covering sulcusGingival margin

Interdental papilla
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Apical to the junctional epithelium, there is a 1 to 
1.5 mm connective tissue attachment to the root coro-
nal to the osseous (bony) crest of bone.

Clinically, the healthy gingival sulcus ranges in prob-
ing depth from about 1 to 3 mm and should not bleed 
when correctly probed. The periodontal probe usually 
penetrates slightly into the junctional epithelium, hence 
the difference between the depth determined through 
clinical probing and the depth seen on a microscopic 
cross section.3 (At the end of this chapter, there are data 
on sulcus depths obtained by Dr. Woelfel.)

Sometimes, during the process of eruption of the man-
dibular last molar through the mucosa, a flap of tissue may 
remain over part of the chewing surface called an opercu-
lum (Fig. 7-7). This operculum can easily be irritated dur-
ing chewing and become infected (called pericoronitis).

b. Attached Gingiva

Attached gingiva is a band or zone of coral pink, kera-
tinized mucosa that is firmly bound to the underlying 
bone (Fig. 7-5). It extends from the free gingiva (at the 
free gingival groove if present) to the readily  movable 
alveolar mucosa. The width of attached gingiva nor-
mally varies from 3 to 12 mm. Keratinized gingiva 
is a term used to describe both the free and attached 
gingiva since they both contain keratin, a protein 
also found in skin and hair, which provides surface 
 toughness. Attached gingiva is most often widest on 
the facial aspect of maxillary anterior teeth and on the 

 lingual aspect of mandibular molars. It is narrowest on 
the facial aspect of mandibular premolars.4

c. Alveolar Mucosa

The mucogingival junction (line) (Fig. 7-5) is a scal-
loped junction between attached gingiva and the looser, 
redder alveolar mucosa. Alveolar mucosa is dark pink 
to red due to its increased blood supply and a thinner 
epithelium covering. It is more delicate, nonkerati-
nized, and less firmly attached to the underlying bone 
than the attached gingiva, so it is more displaceable. 
If you palpate these two types of tissues in your own 
mouth, you will feel the difference in firmness. This 
movable alveolar mucosa is found in three places: 
facially next to maxillary attached gingiva, facially next 
to the mandibular attached gingiva, and lingually 
next to mandibular attached gingiva. It is not found 
lingual to maxillary teeth since the hard palate has 
attached keratinized tissue continuous with the lingual 
gingiva. Therefore, a mucogingival  junction is present 
on the facial and lingual aspects of mandibular gingiva, 
but only on the facial aspect of maxillary gingiva.

3. FUNCTIONS OF HEALTHY GINGIVA

In health, the gingiva provides support and protection 
to the dentition, as well as esthetics and proper speech 
(phonetics).

FIGURE 7-7. Operculum is a flap of tissue over a partially 
erupted last mandibular molar. This flap is subject to irritation 
and infection surrounding the crown known as pericoronitis. 
Courtesy of Dr. Carl Allen.

FIGURE 7-6. Periodontal probe in place in the gingival 
sulcus. Note that the free gingiva is so thin that the probe can 
be seen behind the tissue.
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a. Support

The gingiva supports the tooth by means of attachment 
coronal to the crest of the alveolar bone that forms a 
dentogingival junction from tooth to gingiva near the 
CEJ.5 It includes the junctional epithelium (average 
width just <1 mm) and the connective tissue attach-
ment (average width slightly >1 mm) (Fig. 7-1). The 
more coronal band (junctional epithelium) attaches 
gingiva to the tooth by cell junctions (called hemides-
mosomes, or half desmosomes), while the more apical 
band (connective tissue) attaches gingiva to cementum 
by several gingival fiber groups made up of connective 
tissue called collagen.

b. Protection

The gingiva protects underlying tissue because it is 
composed of dense fibrous connective tissue covered by 
a relatively tough tissue layer called keratinized epithe-
lium.6 It is resistant to bacterial, chemical, thermal, and 
mechanical irritants. Keratinized gingiva helps prevent 
the spread of inflammation to deeper underlying peri-
odontal tissues. However, the sulcular lining (epithe-
lium) and junctional epithelium of the marginal gingiva 
and interdental papillae provide less protection. Since 
these areas are not keratinized, they are more perme-
able to bacterial products, providing only a weak bar-
rier to bacterial irritants, and may even allow bacterial 
penetration in aggressive forms of periodontal diseases.

Healthy gingiva is protected by ideally positioned 
and contoured natural teeth and well-contoured res-
torations. The protection provided by ideal tooth con-
tours, including anatomic heights of contour, helps to 
minimize injury from food during mastication (chew-
ing) since food is diverted away from the thin gingi-
val margin and the nonkeratinized sulcus (recall Fig. 
1-37). However, poor tooth or restoration contours, 
especially overcontoured restorations, contribute to the 
retention of bacteria-laden dental plaque that may pre-
dispose to gingival and periodontal diseases and will be 
described in more detail later. Ideal proximal tooth con-
tours and contacts help prevent food from  impacting 
between teeth and damaging the interdental papilla or 
 contributing to interproximal periodontal disease. Be 
aware, however, that even ideal tooth contours do not 
prevent the formation of bacterial plaque and develop-
ment of periodontal disease.

c. Esthetics

In health, gingiva covers the roots of teeth, and the 
interdental papillae normally fill the gingival embra-
sure areas between adjacent teeth (Figs. 7-2 and 7-4). 

The shape of healthy gingiva contributes to what we 
consider to be an esthetic smile.7 For the anterior teeth, 
the gingival margin of each tooth is almost parabolic 
in shape with the gingival line for the maxillary cen-
tral incisors and canines at about the same level, but 
the gingival line for the lateral incisors is about 1 mm 
coronal (more gingiva is visible). Symmetry, especially 
between the maxillary central incisors, is essential. 
When the patient smiles, the upper lip should ideally 
be at about the level of the free gingival margin of the 
central incisors and canines, and the lower lip should 
just cover the incisal edges. An example of gingiva that 
is not esthetic is seen in Figure 7-8.

d. Phonetics

Phonetics pertains to the articulation of sounds and 
speech. Gingival tissues should cover the roots of the 
teeth, but if exposure of the roots occurs, especially 
interproximally, speech may be affected as air passes 
through the open embrasure spaces. Figure 7-8 shows 
a patient who has had past periodontal disease with 
severe tissue loss that contributes to poor phonetics as 
well as poor esthetics.

4. FUNCTIONS OF THE HEALTHY 
PERIODONTAL LIGAMENT, ALVEOLAR 
BONE, AND CEMENTUM

The entire periodontal ligament consists of numerous 
collagen fiber bundles, which attach the cementum 
of the tooth root to the alveolar bony sockets. These 
fibers, from alveolar crest to the apex, include  alveolar 

FIGURE 7-8.  Severe gingival recession on a patient with 
previous periodontal disease. The gingival margin no longer 
covers the CEJ, so there is considerable root exposure. 
Interproximally, the interdental papillae no longer fill the inter-
dental embrasures. Recession may result in tooth sensitivity and 
alteration in speech (phonetics).
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A. GINGIVITIS

Traditionally, periodontal disease (inflammation in the 
periodontium) begins as gingivitis, an inflammatory 
condition confined to and altering the gingival tissues. 
Alterations in the gingiva may reflect gingivitis alone, 
active slight periodontitis, more advanced disease, or 
evidence of previous disease that has been arrested. 
Gingival inflammation results over time from the 
response of the body to the harmful metabolic prod-
ucts of bacterial colonies within dental plaque that are 
in close proximity to gingival tissues. The earliest indi-
cation of gingivitis on a microscopic level involves an 
increase in inflammatory cells and breakdown of the 
connective tissue (collagen) in the gingiva. This leads 
to an increase in tissue fluids (edema, that is swelling), 
prolife ration of small blood vessels (redness), inflamma-
tory cells, and some loss of the integrity of the epithe-
lium (seen as ulceration). As this breakdown progresses, 
changes in the tissues can be clinically observed.

Clinically, gingival characteristics that should be 
evaluated as indicators of gingival health (vs. disease) 
include its shape and size, color, consistency, and 
surface texture, and the presence or absence of bleed-
ing and/or suppuration (also called purulence, puru-
lent exudate, or pus). Visually, the inflammation and 
edema of dental plaque–induced gingivitis can result 
in  redness; rolled, swollen margins; smooth and shiny 
surface texture or loss of stippling (Fig. 7-10); and loss 
of resiliency where gingival tissue can be depressed 
and free gingiva can be deflected from the tooth when 

a stream of air is directed toward it. Additionally, gin-
givitis can result in pronounced bleeding upon probing 
(Fig. 7-10B and especially D), spontaneous bleeding 
(Fig. 7-10E), and, in some cases, suppuration that 
can be expressed (squeezed out) from the sulcus. See 
Table 7-1 for normal gingival characteristics compared 
to descriptions of tissue exhibiting gingivitis.8–12

B. PERIODONTITIS

In the classic progression of disease, gingivitis, if 
untreated, may progress to periodontitis. As with the 
gingiva, the adjacent periodontal ligament, bone, and 
cementum are at risk for breakdown during inflamma-
tion with resultant loss of bone height and periodontal 
ligament. This occurs when inflammatory breakdown 
extends from the gingiva to the periodontal ligament 
and bone and when the junctional epithelium (which 
normally attaches to tooth at the CEJ) migrates apically 
onto the root because the connective tissue attachment 
has broken down. Alveolar bone loss associated with 
periodontal disease is best appreciated in dental radio-
graphs. Although the immune system normally protects 
the periodontium, a person’s immune response against 
bacteria can also result in the production of host prod-
ucts that stimulate bone loss (breakdown) known as 
bone resorption. In Figure 7-11B, the crestal alveolar 
bone height in a person with advanced periodontal 
 disease is no longer at predisease levels (Fig. 7-11A).

Chronic periodontitis is the most common form of 
periodontal disease. It usually progresses slowly, is most 

ANATOMY OF DISEASED PERIODONTIUMSECTION III

crest fibers, horizontal, oblique, and apical fibers 
(refer back to Fig. 7-1). Free gingival fibers attach the 
free gingiva to the cementum. A sixth group, trans-
septal fibers, is not seen in Figure 7-1 since they run 
directly from the root (cementum) of one tooth to the 
cementum of the adjacent tooth at a level between the 
free gingiva and alveolar crest fibers. The periodon-
tal ligament, especially the oblique fibers, provides 
the majority of support for the teeth and resistance 
to forces such as those encountered during chewing 
(mastication). This ligament is a viable structure that, 
in health, is capable of adaptation and remodeling. 
Healthy bone levels can be best appreciated on radio-
graphs. Observe in Figure 7-9 that, in health, the level 
of the interproximal alveolar bone is 1 to 2 mm apical 
to the level of the CEJ s of the adjacent teeth. FIGURE 7-9. Radiograph of healthy bone levels showing 

interproximal (crestal) bone about 1 to 2 mm apical to the CEJ 
of adjacent teeth. Also note the thin, whiter (more dense) layer 
of bone surrounding each tooth root called the lamina dura.
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prevalent in adults, and is associated with plaque and 
dental calculus. A second form of periodontal disease is 
aggressive periodontitis that usually has an earlier age 
of onset. Features may include rapid attachment loss 
and bone destruction, a familial pattern, and abnormal-
ities in the immune system. Both forms of periodonti-
tis can result in pocket formation and/or exposure of 
the cementum (which is less mineralized than enamel) 
making the root susceptible to dental decay (caries).

1. FACTORS CONTRIBUTING 
TO PERIODONTITIS

In addition to the primary role of bacteria, there are other 
factors that contribute to periodontal disease develop-
ment and progression.12,13 To date, only two risk factors 
are proven to increase the odds of periodontal disease 

progression and tooth loss: smoking14 and diabetes.15 
Other factors that may contribute to this disease include 
specific bacterial pathogens, alterations in the tooth form 
and surface that influence the accumulation and reten-
tion of dental plaque, systemic illnesses or conditions 
(including genetics and emotional stress) that modify or 
impair the immune response, and injury to the perio-
dontium resulting from heavy forces during tooth func-
tion (such as bruxism or tooth grinding habits).

Breakdown of the periodontium resulting in attach-
ment loss and bone loss usually begins in an inaccessible 
area (such as adjacent to a root concavity or an exposed 
furcation) that is neither self-cleansing nor easy for a 
patient to reach with oral hygiene aids. Therefore, it is 
paramount that both the dentist and the dental hygien-
ist be thoroughly familiar with root anatomy as they 
perform a periodontal examination in order to detect 

A B

C

E

D

FIGURE 7-10. Gingivitis. With gingivitis, there are changes 
from the normal architecture and consistency of gingiva. 
A. Slight-to-moderate gingival changes with red color, rolled 
gingival margins, and bulbous papillae, especially around man-
dibular anterior teeth. B. Same area after probing. There is very 
slight bleeding on probing (BOP) visible interproximally. C. Area 
being probed between canine and first premolar. D. Obvious 
BOP. E. Severe gingivitis with severely rolled margins, bulbous 
papillae, smooth and shiny surface texture, and spontaneous 
bleeding (without even probing). Air from the air-water syringe 
would easily retract tissues.

Scheid_Chap07.indd   205Scheid_Chap07.indd   205 9/25/2010   10:12:12 AM9/25/2010   10:12:12 AM



Part 2 | Application of Tooth Anatomy in Dental Practice206

periodontal disease in these inaccessible locations that 
are at greatest risk to breakdown. Further, an essen-
tial objective in treating periodontal disease involves 
using special instruments to remove deposits (plaque 
and calculus) and to smooth or remove cementum on 
root surfaces that have become affected by periodontal 
disease. Knowledge of root morphology also helps to 
identify sites that are difficult or impossible to reach, or 
sites that have not responded to treatment, and when 
providing instructions to patients for the appropriate 
use of oral hygiene aids.

Periodontitis itself may be a contributing factor for 
several systemic diseases including cardiovascular dis-
ease, stroke, and the control of existing diabetes, as well 

as contributing to low birth weight and preterm babies 
when the pregnant mother has periodontal disease.16–18

C. GINGIVAL RECESSION19

Gingival recession is a loss of gingival tissue (usually 
with loss of underlying bone) resulting in the exposure 
of more root surface (Fig. 7-12A and B). In gingival 
recession, the gingival margin is apical to the CEJ, and 
the papillae may be blunted and/or rounded, and no lon-
ger fill the interproximal embrasure. Gingival recession 
is often seen in older individuals, hence the  reference 
to an older person as being “long in the tooth.” It may 
be part of an active process of periodontal disease or 

FIGURE 7-12. Gingival recession. A. Area of gingival recession. On the central incisors, the gingiva no longer covers the CEJ, so the 
root surface is exposed (and covered with calculus). There is no keratinized gingiva over the roots of central incisors compared with lateral 
incisors. B. Severe gingival recession. There is very little keratinized gingiva and no attached gingiva over the canine root. The root promi-
nence, thin tissue, and lack of attached gingiva are factors that may have contributed to the recession. (Courtesy of Alan R. Levy, D.D.S.)

FIGURE 7-11. Radiographic bone loss. A. Radiograph showing normal bone levels relative to the CEJ. B. This radiograph shows 
advanced periodontal disease as indicated by loss of bone (especially around teeth Numbers 29 and 31; note tooth No. 30 is miss-
ing). Healthy bone level would normally be surrounding all teeth to a level much closer (within 2 mm) to the CEJ.

A B
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may reflect previous disease that is now under control. 
However, destruction of the periodontium (including 
gingival recession) should not be regarded as a natural 
consequence of aging.19,20

Conditions that contribute to gingival recession 
around individual teeth, especially in the presence of 
plaque, are poorly aligned teeth within an arch result-
ing in abnormal tooth and root prominence (the canines 
in Figs. 7-12B and 7-13), a lack of attached gingiva,21 or 
aggressive tooth brushing. Abnormal tooth positions do 
not necessarily indicate disease, but they do contribute to 
variations in tissue thickness such as flattened or exag-
gerated contours. Additionally, patients may exhibit thin 
or thick periodontal tissues (overlying bone and gingiva). 

Patients with thin periodontal tissues may have promi-
nent roots that are not completely covered with bone 
(Fig. 7-14). Patients with thick periodontal tissues have 
thicker plates of bone or gingival tissues. The very thick 
ledges of bone in Figure 7-15 are called exostoses [eck 
sos TOE sis]. Patients with thin periodontal tissues are 
more at risk for gingival recession. The risk for gingival 
recession is more apparent when viewing alveolar bone of 
a skull. Normally, the bone is 1 to 2 mm apical to the CEJ 
(Fig. 7-16). In prominent teeth, such as canines, there 
may be no bone covering much of the root, although the 
patient may not have signs of periodontal disease or gin-
gival recession. An isolated area of tooth root denuded 
of its bony covering is called root dehiscence [dee HISS 
enss] (seen on the first premolar in Fig. 7-17). Root dehis-
cence may or may not be covered with soft tissue.

FIGURE 7-13. Effects of tooth position (alignment) within 
the arch on gingival shape: Examples of contour variations 
caused by tooth malpositions. Tooth No. 11 is too labial, 
 showing exaggerated scalloping and thin gingiva with recession. 
Tooth No. 10, which is in lingual version and crossbite, has flat-
tened gingival contours and thicker tissue. Rotated tooth No. 7 
shows V-shaped gingival margin contour on the labial gingiva.

FIGURE 7-14. Person with thin periodontal tissues. The 
patient has thin gingival tissues and a considerable portion of 
the incisor roots is exposed. (Photo courtesy of Dr. Kourosh 
Harandi.)

FIGURE 7-15. Person with thick periodontal tissues. The 
gingival tissues are generally thick, and there is very thick under-
lying bone. This thick bone can be called an exostosis of bone.

FIGURE 7-16. Normal bony architecture. The alveolar crest 
is normally between 1 and 2 mm apical to the CEJ. The only 
obvious exception is tooth No. 28 (arrow, mandibular right first 
premolar), which shows a slight bony dehiscence. (Courtesy of 
Charles Solt, D.D.S. and Todd Needham, D.D.S.)

Scheid_Chap07.indd   207Scheid_Chap07.indd   207 9/25/2010   10:12:24 AM9/25/2010   10:12:24 AM



Part 2 | Application of Tooth Anatomy in Dental Practice208

PERIODONTAL MEASUREMENTS: INDICATORS 
OF DISEASE AND CONDITIONSSECTION IV

FIGURE 7-17. Root dehiscence. This maxillary first premolar 
root (arrows) is buccal to the alveolar process. There is no bone 
over most of the buccal aspect of the root, although the bone over 
the other tooth surfaces is at a normal level. Teeth with prominent 
roots are prone to gingival recession. (Courtesy of Charles Solt, 
D.D.S. and Todd Needham, D.D.S.)

Several clinical measurements are critical when evalu-
ating overall periodontal status. These measurements 
can be used to describe a tooth’s stability and loss of 
 support, and a patient’s degree of inflammation and pat-
tern of disease. They also help to establish a diagnosis, 
guide the development of a treatment plan, and docu-
ment changes following active therapy. Throughout 
this discussion, references will be made to document-
ing this information using the clinical chart obtained 
from The Ohio State University College of Dentistry 
(Fig. 7-18).

A. TOOTH MOBILITY

Tooth mobility is the movement of a tooth in response 
to applied forces.22 Teeth may become mobile due to 
repeated excessive occlusal forces, inflammation, and 
weakened periodontal support (often associated with a 
widened periodontal ligament space as noted on radio-
graphs). The healthy periodontal ligament is about 
0.2 mm wide, decreasing to only 0.1 mm with advanced 
age. When a tooth is subjected to forces from chewing 
(mastication) or bruxism (grinding), movements are 

FIGURE 7-18. Charting periodontal findings (on a partial reproduction of the form used at The Ohio State University College of 
Dentistry). This form provides a logical method for documenting periodontal findings (as well as other findings). A. The left column 
provides the key for recording the following: Fremitus is recorded as F as on tooth No. 5; mobility is denoted by 1 for tooth No. 2, 
2 for tooth No. 5, and 0 (no mobility) for teeth Numbers 3 and 4. Probe depths (six per tooth) are recorded during the initial exami-
nation (initial probe depths) in the three boxes for three facial depth locations on each facial surface and three boxes for three lingual 
depth locations. After initial periodontal therapy has been completed, they should ideally be recorded again in four to six weeks. They 
should also be recorded at regular periodontal maintenance therapy appointments. This permits easy comparison to identify sites 
that respond to treatment and those that do not respond. Bleeding on probing (BOP) is denoted by a red dot over the probe depth 
readings as on the facial surfaces of teeth No. 2 (mesial, midfacial, and distal), No. 3 (distal), and No. 5 (mesial and distal); and 
lingually on all mesial and distal surfaces. Gingival margin position is recorded as numbers in red on the root of teeth as follows: +1 
(1 mm apical to the cementoenamel junction or CEJ) on the facial of teeth No. 2 and No. 3; +2 on the facial of tooth No. 5; 1 (1 mm 
occlusal to the CEJ) on the lingual of teeth No. 3 and No. 4; and 0 (located at the level of the CEJ) on all other surfaces. Furcation 
classes are seen as red triangular shapes (incomplete, outlined, or solid). Class I involvement is evident on the midfacial 
of tooth No. 3. Class II involvement is noted midfacial on No. 2, as well as on the mesial (from the lingual) on No. 2, and the distal 
(from the lingual) on No. 3. Class III involvement is noted on a mandibular molar discussed below. Loss of attached gingiva (mucog-
ingival defect) is recorded as a red wavy line seen on the facial of tooth No. 5. B. A mandibular molar (No. 30) showing a class III 
furcation evident from the facial and lingual views. Note that the triangle point is directed up toward the furcation in the mandibular 
arch but was directed down toward the furcation in the maxillary arch as shown in A. C. Calculation of plaque index % and BOP %. 
The plaque index % can be calculated by dividing the number of surfaces with plaque by the total number of surfaces (four per tooth). 
When considering only the four teeth in this figure, nine surfaces had plaque divided by 16 possible surfaces = 56%. The BOP % is the 
 number of tooth surfaces that bleed on probing divided by the total number of surfaces (six per tooth). When considering only the 
four teeth in this figure, 14 surfaces bled divided by 24 total surfaces = 58%.
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minimal at the rotational middle of the tooth root (cer-
vicoapically) and greater at either the cervical or apical 
end of the root. Thus, there is a functional difference 
in the width of the periodontal ligament in these three 
regions. At any age, the ligament is wider around both 

the cervix and the apex than around the middle of the 
root, depending upon the amount of rotational move-
ments to which the tooth is subjected. Further, the peri-
odontal ligament of a natural tooth in occlusal function 
is slightly wider than in a nonfunctional tooth because 

B C
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5 3 5 6 2 4 4 2 3 3 2 5

0 -1 -1 0

+1 +1 0 +2

5 2 5 6 2 5 5 2 3 4 2 5

1

58

56

0 0

FIGURE 7-18. (Continued). Legend is on previous page.
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the nonfunctional tooth does not have an antagonist 
to stimulate the periodontal ligament and bone cells to 
remodel.23

Injury to the periodontium from occlusal forces 
is known as occlusal trauma. It may contribute to 
destructive changes in the bone, widening of the peri-
odontal ligament, and root shortening (resorption), all 
of which may contribute to increased tooth mobility. 
Some of the changes are reversible, meaning that the 
periodontium can accommodate.24 Occlusal trauma 
is a disorder that does not initiate, but may influence, 
the course of inflammatory periodontal disease under 
 specific circumstances.25

1. TECHNIQUE TO DETERMINE 
TOOTH MOVEMENT

To determine tooth mobility, first, stabilize the patient’s 
head to minimize movement. Next, view the occlusal 
surfaces and observe movement of the marginal ridges 
of the tooth being tested relative to  adjacent teeth as 
you use two rigid instruments (such as the mirror and 
probe handles) to apply light forces alternating fairly 
rapidly first one way, then another. Observe the tooth for 
movement in a buccolingual or mesiodistal direction, as 
well as for vertical “depressibility.” Figure 7-19A and B 
illustrates the technique to determine tooth mobility. 
Numbers assigned to denote the extent of mobility are 
presented in Table 7-2. For simplicity, tooth mobility can 
be recorded as “0” for no mobility, “1” for slight mobility, 
“2” for moderate mobility, or “3” for extreme mobility 
that includes depressing the tooth. See Figure 7-18 for 
charting examples of mobility (categories 0, 1, 2, or 3).

Fremitus is the vibration of a tooth during occlusal 
contact. It is determined by placing the nail of the gloved 
index finger at right angles to the facial crown surface 
using a light force while the patient is asked to tap his 
or her teeth, or clench and move the mandible from 
right to left (excursive movements). If definite vibration 
is felt, fremitus is confirmed and could be noted as an 
“F” on a patient’s chart for that tooth (as seen for tooth 

Table 7-2 NUMBERS ASSIGNED TO MOBILITY CATEGORIES

MOBILITY CATEGORY CLINICAL OBSERVATION MAGNITUDE

0 No observed movement
1 Slight movement <1 mm
2 Moderate movement >1 mm
3 Extreme movement Depressible

FIGURE 7-19. Method for determining tooth mobility. 
A. Two rigid instrument handles are applied to the tooth to see 
if it can be displaced either buccolingually or mesiodistally. For 
teeth with severe mobility, the tooth can be depressed or rotated 
(which is category 3 mobility). B. Technique for determining 
buccolingual mobility. Light, alternating (reciprocating) bucco-
lingual forces are applied and movement observed relative to 
adjacent teeth.

Scheid_Chap07.indd   210Scheid_Chap07.indd   210 9/25/2010   10:12:39 AM9/25/2010   10:12:39 AM



Chapter 7 | Periodontal Anatomy 211

No. 5 in Fig. 7-18). If tooth displacement is detected, 
functional mobility is confirmed. Functional mobility 
(biting stress mobility) occurs when teeth move other 
teeth during occlusal function.

B. PROBE DEPTHS

Probing the depth of the potential space between the 
tooth and gingiva (called the gingival sulcus or crev-
ice) is a critical periodontal finding that is routinely 
performed in dental offices and may indicate the pres-
ence of periodontal disease.26,27 A blunt-tipped instru-
ment with millimeter markings called a periodontal 
probe (Fig. 7-20) is inserted into the gingival sulcus 
(seen on anterior teeth in Fig. 7-21 and posterior tooth 
in Fig. 7-22). In the presence of periodontal disease, 
this gingival sulcus may be called a periodontal pocket. 
Probing depth (referred to as pocket depth if periodon-
tal disease is present) is the distance from the gingi-
val margin to the apical portion of the gingival sulcus. 
Probing depths in healthy gingival sulci normally range 
from 1 to 3 mm. A depth of greater than 3 mm is a pos-
sible cause for concern. However, if gingival tissues are 
overgrown (as may be seen during tooth eruption, or 
as a side effect from some medications), a pocket depth 
reading of 4 mm or greater (called a pseudopocket) 

may be present even in the absence of periodontitis. On 
the other hand, if there is gingival recession where the 
gingival margin is apical to the CEJ, there may be shal-
low probing depths in the presence of true periodontal 
disease. Therefore, the critical determinant of whether 
periodontitis has occurred is measured by the amount 
of attachment loss (to be described shortly).

FIGURE 7-20. A standard, frequently used periodontal 
probe. To make measurements easier, there are dark bands at 1, 
2, 3, 5, 7, 8, 9, and 10 mm.

10 9 8 7 5 3 2 1

FIGURE 7-21. Periodontal probe in place in 
the gingival sulcus. Sequence of probing tech-
nique from the mesiofacial aspect of tooth No. 6 
to the distofacial aspect of tooth No. 8. A, B, D, 
and E demonstrate the alignment of the probe 
against the proximal, tapering crown contours. 
Note that the probe is angled toward the proximal 
surface with enough bucco-lingual lean to engage 
the most interproximal aspect without catching 
on tissues. C. Midfacial probing. Notice that the 
depth of this midfacial sulcus is 1 mm deep, and 
the tissue is so thin that the probe can be seen 
through it.

A

D

B

E

C
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1. PROBING TECHNIQUE

The intent is to probe a sulcus apically just to the attach-
ment, although in reality the probe usually broaches 
(impinges on) some of the attachment, even in health. 
The probe should be “walked around” the tooth with 
a light force to ensure a tactile sense and to minimize 
probing beyond the base of the pocket. When the 
depth of the sulcus/pocket has been reached, resilient 
resistance is encountered. The probe should be angled 
slightly toward the crown or root surface to prevent 
it from engaging or being impeded by the pocket wall 
(seen best midfacially in Fig. 7-22A). Probing depths 
are generally recorded as the deepest measurement for 
each of the six areas around each tooth. On the facial 
surface, three areas are recorded while moving in very 
small steps within the sulcus starting in the distal 
interproximal, stepping around to the midbuccal, and 
finally stepping around to the mesial interproximal 
(seen when probing the facial surface of tooth No. 7 
in Fig. 7-21B–D). Interproximally, when the teeth are 
in proximal contact, the probe should progress toward 
the contact until it touches both adjacent teeth before 
angling it approximately 10 to 15° buccal (or lingual) 
to the tooth axis line (seen most clearly in Fig. 7-21A,D 
and Fig. 7-22B). When there is no adjacent tooth, the 
probe is not angled. The three facial readings to record 
are the deepest readings for mesial interproximal, mid-
buccal, and distal interproximal. Similarly, three areas 
are recorded while probing around the lingual of the 
tooth.

C. GINGIVAL MARGIN LEVEL (GINGIVAL 
RECESSION OR NONRECESSION)

Before any periodontal disease has occurred, the gin-
gival margin level of a young healthy person is slightly 
coronal to the CEJ, which is the reference point. If the 
gingival margin is apical to the CEJ, there has been 
gingival recession, and the root is exposed (seen most 
obviously in Fig. 7-12B).

By convention, the following denotes the gingival 
margin level:

Negative (–) numbers denote that the gingival • 
 margin is coronal to the CEJ. Normally, after tooth 
eruption is complete, the gingival margin is slightly 
coronal to the CEJ (about 1 mm on the labial and 
lingual aspects, and about 2 mm interproximally). If 
the gingival margin is more coronal to the CEJ than 
those dimensions, there is an excess (overgrowth) of 
gingiva or the tooth is partially erupted.
Zero (0) denotes that the gingiva is at the CEJ. There • 
is no gingival recession.
Positive (+) numbers denote recession (the gingival • 
level is apical to the CEJ).

1. TECHNIQUE TO DETERMINE 
THE GINGIVAL MARGIN LEVEL

When recession has occurred, the distance between the 
CEJ and the gingival margin can be visually measured 
with the periodontal probe. If the gingival margin covers 
the CEJ, the distance from the gingival margin to the CEJ 

FIGURE 7-22. Probe placement technique on models. A. Buccal view: Technique for facial (or lingual) probe placement. The 
probe is guided along the tooth surface, and care is taken not to engage the sulcular gingival tissues. B. Palatal view: Interproximal 
probe placement. The probe is angled slightly distally on the mesial surface of tooth No. 3 as it is guided along the tooth surface, so it 
is not impeded by the interproximal papilla. Although not easily appreciated from this view, it is also angled 10 to 15° to reach the 
most direct proximal area.

A B
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may be estimated by inserting the probe in the sulcus and 
feeling for the CEJ. If this junction is difficult to detect 
or is subgingival, the probe should be at a 45° angle. The 
junction between enamel and cementum can be felt with 
the probe. Gingival margin levels are charted as “0” (mar-
gin is at the CEJ), or a “+” number (apical to the CEJ or 
recession) or a “–” number (coronal to the CEJ), in red on 
the roots near the CEJ as seen on the chart in Figure 7-18.

D. CLINICAL ATTACHMENT LOSS (SAME 
AS CLINICAL ATTACHMENT LEVEL)

Clinical attachment loss (clinical attachment level) 
refers to the distance from the CEJ to the apical extent 
(depth) of the periodontal sulcus. It is a measurement 
that indicates how much support has been lost and is, 
therefore, a critical determinant of whether periodontal 
disease has occurred.

1. TECHNIQUE TO DETERMINE CLINICAL 
ATTACHMENT LOSS

Add the probing depth and the gingival margin level 
measurements together to obtain the clinical attach-
ment loss. A patient with a 3 mm pocket and a  gingival 
level of +2 (i.e., 2 mm of recession) has 5 mm of 
 attachment loss. A patient with a 3-mm pocket and a 
gingival level of –2 mm (the gingiva covers the CEJ 
by 2 mm) has only 1 mm of attachment loss. Study 
the example of clinical attachment calculation on the 
tooth in Figure 7-23 where the sulcus depth is 1 mm 
(Fig. 7-23A) and the gingiva has receded 1 mm (+1 
mm loss in Fig. 7-23B), so the total attachment loss is 
+2 mm. Clinical attachment loss can be severe even 

with minimal pocket depths if there is considerable 
gingival recession. On the other hand, there may be no 
attachment loss even with deep pockets if pseudopock-
ets are present, that is, pockets due to an enlargement 
of gingiva possibly caused by plaque accumulation next 
to ill-fitting restoration margins, as a side effect of cer-
tain medications, or due to hormonal changes.

Periodontists also make interproximal measurements 
of the gingival margin level that is a more challenging 
task. The severity of periodontal disease can therefore 
be accurately determined at the six sites around each 
tooth by measurements.

E. BLEEDING ON PROBING

Bleeding on probing occurs when bacterial plaque 
affects the gingival sulcular epithelium, resulting in 
inflammation in the underlying connective tissue. 
Bleeding visible from the gingival margin after probing 
is an important indicator of inflammation (Figs. 7-24A,B 
and Fig. 7-10B,D,E).

1. TECHNIQUE TO DOCUMENT 
BLEEDING ON PROBING

When bleeding is noted after probing several teeth, 
teeth that exhibit bleeding can be recorded at each prob-
ing site on the chart as a red dot above the probe depth. 
The percentage of sites that bleed can be calculated by 
dividing the number of bleeding sites by the number of 
total sites (where total sites equal the number of teeth 
present times six probe sites per tooth). Bleeding sites 
are charted in Figure 7-18, and a percentage has been 
calculated for four teeth.

FIGURE 7-23. Measurements to determine clinical attachment loss (level). A. First, the sulcus is probed (at 1 mm). B. Next, the 
level of the gingiva is determined with a positive number indicating gingival recession (at +1 mm from the dotted line, which is the 
CEJ). When the two numbers are added together, the amount of attachment loss is determined. In this case, the probing depth of 
1 mm and the gingival level of + 1 (1 mm recession) results in an attachment loss of 2 mm.
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F. FURCATION INVOLVEMENT

A furcation is the branching point between roots on a 
multirooted tooth. In the absence of disease, furcations 
cannot be clinically probed because they are filled in 
with bone and periodontal attachment. With advancing 
periodontal disease, however, attachment loss and bone 
loss may reach a furcation area resulting in a furcation 
involvement.28,29 Pockets that extend into the furcation 
create areas with difficult access for the dentist and den-
tal hygienist to clean during regular office visits, and 
are a real challenge for patients to reach and clean dur-
ing their normal home care. Therefore, these areas of 
furcation involvement readily accumulate soft plaque 
deposits and mineralized calculus (seen on an extracted 
teeth in Fig. 7-25). These deposits frequently become 
impossible to remove and may provide a  pathway for 
periodontal disease to continue to progress.

Initially, there may be an incipient (initial or begin-
ning) furcation involvement. As disease progresses into 
the furcation (interradicular) area, attachment loss and 
bone loss will begin to progress horizontally between 
the roots. At that point, a furcation probe (such as a 
Nabor’s probe with a blunt end and curved design) can 
probe into a subgingival furcation area. It can be used 
to detect the concavity between roots (Fig. 7-26). The 
first sign of detectable furcation involvement is termed 
grade I and can progress to a grade II involvement 
when the probe can hook the furcation roof (the part 
of the root forming the most coronal portion of the fur-
cal area) as demonstrated in Figure 7-27A. In the most 
extreme circumstances, the furcation probe may  actually 
extend from the furcation of one tooth aspect to the fur-
cation on another tooth aspect. This is referred to as a 

through-and-through (grade III) furcation involvement 
(Fig. 7-27B). (A summary of the grades of furcation 
involvement is presented later in Table 7-4.)

It is important to remember where to insert a probe in 
order to confirm furcation involvement (summarized in 
Table 7-3). Recall that mandibular molar furcations are 
located between mesial and distal roots near the middle 
of the buccal surface (midbuccal) and middle of the lin-
gual surface (midlingual) as illustrated in Figure 7-28A 

FIGURE 7-25. Calculus in the furcation area and root 
depressions. This extracted molar has mineralized deposits 
(calculus) in the furcation. Once disease progresses into the 
furcation area, access for removal by the dentist or dental 
hygienist becomes exceedingly difficult.

FIGURE 7-24. Clinical example of probe placement and bleeding on probing (BOP). A. Midlingual (midpalatal) probe place-
ment on tooth No. 13 showing 3 mm sulcus depth. B. Mesial probe placement on tooth No. 13 probed into the lingual embrasure. 
Note a 5 mm pocket at the site, which shows BOP.

Scheid_Chap07.indd   214Scheid_Chap07.indd   214 9/25/2010   10:12:57 AM9/25/2010   10:12:57 AM



Chapter 7 | Periodontal Anatomy 215

FIGURE 7-26. Probing to check for furcation involvement. A. Severe buccal furcation involvement on a mandibular second molar. 
The furcation probe is able to engage far into the interradicular area because of periodontal destruction. (Note the arrow pointing to 
an abscessed area indicating infection.) B. The furcation (Nabor’s) probe has a rounded point and is curved to allow negotiation into 
furcations. It frequently has markings at 3-mm intervals (as shown here). This allows estimation of how far the probe horizontally 
penetrates into the furcation.

A B

Table 7-3 NORMAL LOCATION OF FURCATIONS

TOOTH TYPE POTENTIAL FURCATIONS

Maxillary molars Midbuccal
Mesial (accessed from the lingual [or palatal])
Distal (accessed from the lingual [or palatal])

Mandibular molars Midbuccal
Midlingual

Maxillary premolars (with buccal and lingual roots) Middle of mesial
Middle of distal

FIGURE 7-27. Confirming furcation involvement. A. The furcation probe is engaging the roof of a furcation but does not com-
pletely penetrate to the lingual entrance of the furcation. This would represent a grade 2 furcation involvement. B. The furcation 
probe engages the mesial furcation on a maxillary first molar. Note how close the furcation is to the mesiolingual (mesiopalatal) line 
angle of the tooth due to the wide mesiobuccal root.

A B
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and B. Maxillary molar furcations are identified by 
probing midbuccal (between mesiobuccal and distobuc-
cal roots (as seen in Fig 7-29A), mesially in the palatal 
(lingual) embrasure between the palatal and mesiobuc-
cal roots as seen in Fig 7-29B, and distally between the 
palatal and distobuccal roots as seen in Fig. 7-29C.

Clinically, furcations located closer to the CEJ will 
become involved with periodontal disease more read-
ily than more apically located furcations since less bone 
destruction is required to expose the more  cervical fur-
cation. However, more cervically positioned furcations 
are more easily treated by traditional  periodontal  therapy 

FIGURE 7-29. Three locations used to confirm maxillary molar 
 furcation involvement. A. Buccal view: Buccal furcation is probed 
midbuccal. The furcation probe is shown as it enters the potential 
furcation near the middle of the facial surface of this maxillary 
molar. B. Palatal view: The mesial furcation on a maxillary molar is 
accessed through the palatal embrasure since the mesiobuccal 
root is wider than the palatal root. C. Palatal view: The distal 
furcation on a maxillary molar is probed through the palatal 
embrasure here, although the distobuccal root is about as wide as 
the palatal root.

A B

C

FIGURE 7-28. Two locations used to confirm mandibular molar furcation involvement. A. Buccal view: The mandibular buccal 
furcation is probed midbuccally. The probe is shown at the apical and horizontal extent of the penetration into the facial furcation. 
B. Lingual view: The mandibular lingual furcation is probed near the midlingual.

A B
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due in part to better access. Recall that furcations are 
closer to the CEJ on first molars (since their root trunks 
are shorter) than on second molars and closer to the 
CEJ on second molars than on third molars (Fig. 7-30). 
Once involved, the more apical the  furcation, the more 
complex the treatment will become. The maxillary first 
premolar provides a good example of a furcation that 
is located nearer to the apex (Fig. 7-31). Proximal fur-
cations, once they are involved with disease, are par-
ticularly difficult to gain access to because of vertical 
longitudinal depressions coronal to the  furcation and 

close approximation to adjacent teeth (seen in the 
radiograph in Fig. 7-32).

1. TECHNIQUE TO DOCUMENT 
FURCATION INVOLVEMENT

When probing into a potential furcation area, the fur-
cation probe should be positioned into the gingival 
sulcus at the location around the tooth where the fur-
cation is suspected. The probe should first be directed 
apically. When the base of the pocket is reached, the 
probe should be directed toward the tooth to see if 
it will engage the roof of the furcation. Figure 7-27A 
shows a probe engaging the roof of a furcation area. 
Deep horizontal penetration of the furcation probe 
indicates severe periodontal disease. The notation 
used to record each grade of furcation is summarized 
in Table 7-4, and examples of charting the degree of 
furcation involvement are presented in Figure 7-18. 
A caret (∨ or ∧) denotes beginning (incipient) involve-
ment, an open triangle (Δ or ∇) denotes moderate 
involvement, and a solid triangle (▲ or ▼) over the 
areas of the root denotes a through-and-through furca-
tion involvement.

G. LACK OF ATTACHED GINGIVA 
(PREVIOUSLY CALLED 
A MUCOGINGIVAL DEFECT)

In health, it is desirable to have at least a minimal width 
of keratinized gingiva that is firmly bound (attached) 
to the underlying tooth and/or bone. This band of 

FIGURE 7-30. Variations in furcation location for maxillary 
molars. A. Divergent roots with the furcation in the coronal one 
third of the root with a short root trunk. B. Convergent roots 
with the furcation in the middle one half of the root with a 
longer root trunk. C. Very convergent roots. D. Fused roots with 
the furcation in the coronal one third of the root.

A B C D

FIGURE 7-31. Calculus deposit (arrow) in the longitudinal 
depression on the mesial side of the root of a maxillary first 
premolar.

FIGURE 7-32. Radiograph showing close root approxima-
tion between the distal root surface of the maxillary first molar 
and the mesial root surface of the second molar (arrows). 
Furcations and concavities like these are virtually inaccessible 
when  destruction occurs at those locations.
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attached keratinized gingiva normally extends from 
the gingival groove (at the most apical extent of the 
gingival sulcus) to the mucogingival junction (recall 
Fig. 7-5). Alveolar mucosa apical to the mucogingival 
junction can be distinguished since it is readily move-
able, more vascular (redder), less firm, and not kera-
tinized. Lack of attached gingiva may place a tooth at 
risk for progressive gingival recession and is confirmed 
in the following three circumstances30:

1. Keratinized gingiva is present, but there is no 
attached gingiva. This condition is confirmed when 
the periodontal probe depth of the gingival sulcus 
reaches or exceeds (traverses) the level of the vis-
ible mucogingival junction indicating an absence of 
attached gingiva (Fig. 7-33A and B). In this case, ker-
atinized gingiva may form part of the pocket wall, 
but it is not attached to the underlying structures as 
confirmed by the sulcus depth.

2. There is a visual lack of keratinized gingiva.
3. A flap of tissue (called a frenum seen in Fig. 7-2) 

that connects the tongue, lips, or cheeks inserts into 
the gingival tissues. There is a lack of attached gin-
giva around the tooth if there is movement or blanch-
ing at the gingival margins when tension is applied to 
the frenum (Fig. 7-34B).

Lack of attached gingiva can only occur on the  surfaces 
of teeth where the keratinized gingiva is normally adja-
cent to movable alveolar mucosa—in other words, on 
the facial aspects of maxillary teeth and on the facial 
and lingual aspects of mandibular teeth. It is not likely 
for mucogingival defects to be present on the pala-
tal aspects of maxillary teeth because the entire hard 
palate is keratinized and there is no alveolar mucosa. 
The only exception is when teeth are positioned so far 
posteriorly that they are near the mucosa of the soft 
palate.

FIGURE 7-33. Measuring to determine a lack of attached gingiva. A. The width of keratinized gingiva is measured at 2 mm. 
B. The probe depth is measured at 1 mm indicating no mucogingival defect. In this case, if the probe depth had reached or exceeded 
2 mm (the mucogingival junction), this would confirm that there is no attached gingiva.

Table 7-4 NOTATIONS FOR THREE CATEGORIES OF FURCATION INVOLVEMENT

FURCATION GRADE NOTATION BONE/ATTACHMENT LOSS CLINICAL FINDING CLINICAL EXPLANATION

Grade I: incipient Caret: Ú or Ù No real bone loss and no 
attachment loss in furcation

Probe engages 
concavity

Probe locks horizontally; does 
not catch furcation roof

Grade II: moderate Open triangle: 
D or Ñ

Definite bone loss or 
attachment loss

Probe catches 
furcation roof

Probe hooks onto roof of fur-
cation and must be rotated to 
disengage, but probe cannot be 
passed to another tooth aspect

Grade III: (through 
and through)

Solid triangle: 
▲ or ▼

Complete bone loss with 
clinical attachment loss 
under the furcation roof

Probe can pass 
from one tooth 
aspect to another
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1. TECHNIQUE FOR DETERMINING LACK 
OF ATTACHED GINGIVA

Both visual observations and measurements are 
required for detecting a lack of gingival attachment. In 
the visual method, a mucogingival defect is confirmed 
when a periodontal probe is moved incisocervically (or 
occlusocervically) as it is pressed gently against the 
 tissue surface at the mucogingival line, and movement 
or blanching occurs at the margin (Fig. 7-34B). When 
using measurements, first measure the width of kerati-
nized gingiva from the gingival margin to the mucog-
ingival junction. Then place the periodontal probe 
within the gingival sulcus, and if the periodontal probe 
depth reaches or exceeds the width of keratinized tis-
sue, a mucogingival defect is confirmed. See a clinical 
example using measurements to confirm a mucogingi-
val defect in Figure 7-33A and B. This can be charted 
as a horizontal wavy line placed over the root apical to 
recession readings (seen in the chart in Fig. 7-18).

H. THE PLAQUE SCORE (INDEX)

Bacterial dental plaque (biofilm) is a thin layer con-
taining organized microorganisms that loosely adheres 
to teeth, but it can be removed with proper tooth 
brushing and flossing. It is an almost invisible layer 
that accumulates on teeth in the absence of excellent 
oral hygiene. Therefore, utilizing a mechanism to iden-
tify the location of this nearly invisible plaque can be 
helpful when teaching plaque removal techniques, and 
when monitoring a person’s success using specific oral 
hygiene techniques designed to reduce and eliminate 
his or her plaque.

The metabolism of these attached, organized colonies 
of microorganisms contributes to the inflammation of 
gingival tissue associated with gingivitis, the destruction 
of bone and periodontal ligament associated with perio-
dontitis, and the destruction of mineralized tooth struc-
ture during the formation of dental decay (dental caries). 
Many factors contribute to plaque retention, including 
tooth malpositions and malformations, the irregular 
surface of advancing dental caries (decay), defective res-
torations, and accumulation of calculus (tartar).

FIGURE 7-34. Visual test for a mucogingival defect. A. A loss of attached gingiva is suspected at tooth No. 24, which has a very 
narrow zone of keratinized gingiva. B. The periodontal probe is positioned at the mucogingival junction and moved incisocervically 
against the mucosa. Blanching or movement at the gingival margin is indicative of a mucogingival defect.

FIGURE 7-35. Dental plaque. This photograph shows dental 
plaque after staining with disclosing solution. The patient had 
voluntarily ceased oral hygiene measures for 4 days. Plaque is 
most prominent at interproximal sites and the cervical third of 
crowns, areas that are not self-cleaning (i.e., are not easily 
cleaned by the natural rubbing action of the cheeks, lips and 
tongue). Also note the heavy plaque accumulations on the 
mandibular anterior teeth that are slightly malpositioned.
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1. TECHNIQUE TO DETERMINE (CALCULATE) 
A PLAQUE SCORE (INDEX)31

Plaque can be stained with disclosing solution, a dye 
that is absorbed by bacterial plaque (Fig. 7-35). When 
this solution is swished in the mouth, four tooth sur-
faces of each tooth can be evaluated for the presence 
of the stained plaque: mesial, facial, distal, and  lingual. 
The plaque index is calculated as the percentage of 

sites with plaque divided by the total sites (number of 
teeth times four). Note: Disclosing solutions should 
not be used until periodontal measurements and the 
oral physical exam have been made and reviewed since 
the color change to oral tissues from the solution may 
influence the ability to observe the initial findings. 
A charting example of plaque score calculation is pre-
sented for four teeth in Figure 7-18.

RELATIONSHIP OF PERIODONTAL DISEASE 
AND RESTORATIONS (FILLINGS)SECTION V

RELATIONSHIP OF TOOTH SUPPORT AND ROOT 
MORPHOLOGY33SECTION VI

A healthy biologic width32 of attached gingiva (known 
as the dentogingival junction) includes the junctional 
epithelium (about 1 mm wide), as well as a band of 
connective tissue fibers (about 1 mm wide) attaching 
the gingiva to the cementum. Care must be taken when 
restoring teeth to protect this biologic width of attach-
ment. If a restoration encroaches into the attachment, it 
could be a factor in initiating periodontal disease (peri-
odontitis/bone loss/attachment loss), gingival recession, 
or chronically inflamed gingival tissue. Further, it is usu-
ally recommended that the margins of artificial crowns 
and inlays be kept at least 3 mm from the osseous crest. 
Therefore, if a restoration is to be placed to restore an 
area of decay that has destroyed tooth structure very 
close to bone, it is advisable to perform a  surgical 

 procedure called crown lengthening to ensure that the 
restoration does not encroach on the biologic width. 
This is especially critical on teeth where esthetics is a 
factor. Clinical crown lengthening is a procedure that 
increases the extent of supragingival tooth structure by 
removing gingival tissue or apical positioning gingival 
tissue, and usually removing some supporting bone.

Further, a defective restoration, especially one that is 
overcontoured or is not flush with the tooth structure, 
may retain bacterial plaque more readily, so it could be 
an initiating factor for periodontal disease. Therefore, 
it is always important to keep in mind that when teeth 
must be restored, ideal tooth contours, as have been 
discussed in the earlier chapters of this text, should be 
reproduced.

The area of root attachment is of primary importance 
to the stability and health of a tooth. Root attachment 
area depends on root length, the number of roots, and 
the cross-sectional diameter of the root from the CEJ to 
the apex. It also depends on the presence or absence of 
concavities and other root curvatures (Fig. 7-36). These 
features greatly influence the resistance of a tooth to 
occlusal and other forces, particularly when they are 
applied in a lateral (buccolingual) direction.

In health, prior to periodontal disease, connective 
tissue fibers insert into cementum on the entire root 
surface. This attachment includes the insertion of the 
gingival fibers (coronal to the bone level) near the CEJ, 
and periodontal ligament fiber insertions along the 
majority of the root. Long roots and wide cross-sectional 
tooth diameters increase support. Concavities and other 

root curvatures increase periodontal support in two 
ways. First, they increase the total surface area. Second, 
the concave configuration provides multidirectional 
fiber orientation, which makes the tooth more stable 
and resistant to occlusal forces. For example, a root with 
a mesial concavity is more resistant to buccolingual 
forces than a tooth that is conical or convex (Fig. 7-36). 
Vertical and longitudinal depressions and concave areas 
occur commonly on the mesial and distal root surfaces 
of many anterior and most posterior teeth (as described 
in earlier chapters). More coronally located root depres-
sions are also found on the mesial surface of maxillary 
first premolars (both on the root and crown) and on 
molar root surfaces just coronal to furcations.

Likewise, multirooted teeth have increased support 
and resistance to applied forces. For those teeth, the 
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location of the furcation is important; the more coro-
nal it is, the more stability is afforded. Additionally, 
convergence or divergence of roots influences support. 
Divergent roots increase stability and allow for more 
interradicular bone support (recall Fig. 7-30).

Another important factor for determining tooth sta-
bility is the degree of root taper. Teeth with conical 
roots, such as mandibular first premolars, tend to have 
the majority of their root area (>60%) in the coronal 

 half of the root, and much less area (only about 40%) 
in the apical half of the root (Fig. 7-37).34 The degree of 
root taper influences the support once periodontal dis-
ease has occurred. A conical root that has lost only 50% 
of the bone height may have lost more than 60% of its 
periodontal ligament. This is because a smaller pro-
portion of the root area is present near the apex. For 
severely conical roots, the apical half of the root may 
account for even less attachment area than seen in 
Figure 7-37.

Based on root area alone, one would generally 
expect to find the maxillary canine to be the most 
stable  single-rooted tooth, and the mandibular central 
incisors to be the least stable. For posterior teeth, one 
would expect maxillary first molars, with their three 
divergent roots, to be more stable than third molars, 
which frequently have fused roots. While these rules 
generally apply, additional factors, such as the presence 
or absence of inflammatory periodontal disease and 
excessive occlusal forces, may greatly influence tooth 
stability. Also, the density and structure of the support-
ing bone have an influence on tooth stability.

FIGURE 7-36. Series of stained cross sections of a root of a 
lower first molar from the crown to near the apices. For each 
section, the mesial aspect is left, the lingual aspect is at the top, 
the distal aspect is right, and the buccal aspect is toward the 
bottom. There is a 10-mm scale between the top and the middle 
section on the left. A. Cross section through the cervical of the 
crown showing enamel, dentin, and pulp. (Decay is evident dis-
tally—on the right.) B. Cross section near the CEJ. Note the shape 
of the pulp chamber. C. Cross section of the root trunk slightly 
coronal to the bifurcation (furcation). Buccal and lingual depres-
sions are coronal to the entrances to the bifurcation. D. Cross 
section of mesial and distal roots slightly apical to the bifurca-
tion. Note the root canals in both roots. Thickened cementum 
(darkly stained) is apparent on the furcal aspect (between the 
roots). E. Cross section of roots 4 mm apical to the bifurcation. 
There are pronounced concavities on the mesial aspect of the 
mesial root and the furcal aspects of both roots. F. Cross section 
of the roots near the apex. The mesial (left) root is longer. The 
complex shape of molar roots helps provide a greater surface area 
of attachment and greater tooth stability but becomes a problem 
to treat during progressive periodontal disease.

FIGURE 7-37. Relationship between the area of attach-
ment and root length for a mandibular first premolar. 
Approximately 60% of the root area is present in the coronal 
50% (one half) of the root, with only 40% of the area present in 
the apical one half of the root. These determinations were 
made by measuring the areas of many serial cross sections of 
tooth roots similar to those shown in Figure 7.36. (Courtesy of 
Alan R. Levy, D.D.S.)
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Although furcations, concavities, vertical depressions 
(grooves), and other root curvatures tend to increase 
the area of attachment, making the tooth resistant to 
occlusal forces, these root anatomy features may also 
become areas where forces are concentrated. This 
occurs because the root curvature and the correspond-

ing bone and periodontal ligaments that conform 
to these areas permit the tooth to compress against 
 periodontal  ligament and bone in a variety of  directions. 
Furthermore, these areas are more plaque retentive and 
more difficult to clean once periodontal disease pro-
gression reaches them.

FIGURE 7-38. Anomalies on roots that may contribute to 
increased plaque retention and subsequent bone loss and furca-
tion involvement. A. Enamel pearl (arrow) in the mesial furca-
tion of a maxillary molar. B. Enamel extension (arrow) 
downward into the buccal furcation of a lower second molar. 
(Courtesy of Charles Solt, D.D.S., and Todd Needham, D.D.S.)A

B

FIGURE 7-39. Radicular palatal grooves (pala-
tal gingival grooves). A. Indentation on the lingual 
surface of both maxillary lateral incisors. 
B. Periodontal probe in place showing a deep 
periodontal pocket formed where the groove 
extends apically on the root. C. Groove extending 
apically on the midpalatal aspect of a maxillary 
canine. The tooth was extracted because of severe 
periodontal disease on the palatal aspect. 
(Courtesy of Leonard K. Ebel, D.D.S.)

A

B C

INFLUENCE OF ROOT ANATOMY AND ANOMALIES 
ON THE PROGRESSION OF PERIODONTAL DISEASESECTION VII
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There are several types of defects in the root struc-
ture that weaken periodontal attachment and are 
potential areas for periodontal disease to develop.35 
Enamel pearls are present most often on maxillary 
molars, and enamel extensions frequently occur on 
mandibular molars (Fig. 7-38). Both prevent a normal 
connective tissue attachment and may channel disease 

into the furcation area. Radicular palatal grooves (pala-
tal gingival grooves) occur on maxillary incisors and 
readily collect and retain plaque, which can frequently 
lead to periodontal destruction (Fig. 7-39). Root frac-
tures also predispose periodontal destruction (loss 
of attachment of the periodontal ligament) along the 
fracture line.

Currently, a wide range of techniques is available to treat 
periodontal problems. Nonsurgical periodontal therapy tra-
ditionally requires effective root planing [PLAY ning] (i.e., 
removal of calculus and smoothing of the root using spe-
cially designed dental instruments), oral hygiene instruc-
tions, and the use of systemically administered antibiotics. 
Sustained-release antimicrobial and antibiotic agents can 
be locally administered to affected sites. Additionally, 
agents that prevent breakdown in connective tissue (anti-
collagenases) are being prescribed for systemic use.

When moderate to severe periodontal disease or lack 
of attached gingiva are confirmed, periodontal surgery 
may be indicated. There are several surgical approaches 
used to treat periodontal disease. Conservative surgical 
therapy is designed to gain access to the root surface for 
debridement.39 Resective periodontal surgery is a surgery 
involving the removal and/or recontouring of the gingiva, 
supporting bone or root, and is performed to correct 
some of the results of periodontal diseases by removal 
of soft and hard tissue components of the pocket wall. 
Resective techniques include gingivectomy (i.e., removal 
of some gingiva by using either the conventional scalpel 
or, more recently, the laser40), root resection to remove 
periodontally involved roots on multirooted teeth,41 
and periodontal flaps with osseous (bone) surgery.42 
Resective periodontal surgery usually results in gingival 
recession with improved access to previously diseased 

sites. Regenerative periodontal surgery is intended to 
form new cementum, new bone, and a new function-
ally oriented periodontal ligament. Recent advances in 
the area of periodontal regeneration involve three basic 
strategies. In guided tissue regeneration, a resorbable or 
nonresorbable membrane (barrier) is placed over peri-
odontal defect to provide a matrix for regenerative cells 
to migrate from the periodontal ligament and bone. Bone 
grafting materials, both synthetic and from the patient 
or from donors, create a scaffolding for new bone and 
may provide growth factors that induce bone regenera-
tion. Chemical treatment of the root detoxifies the root 
surface and may allow the application of growth factors 
that induce the formation of new cementum.

Periodontal plastic surgery includes soft-tissue 
reconstructive techniques such as connective tissue 
grafts designed to treat loss of attached gingiva and to 
cover roots that have been exposed through gingival 
recession,43 and clinical crown lengthening techniques 
to create esthetic tooth lengths and ideal gingival con-
tours and to allow for restoration.44,45

The specialty of periodontics also includes preim-
plant surgery, which includes augmentation and regen-
eration of hard or soft tissues prior to dental implant 
placement, placement of dental implants, and treatment 
of inflammation of tissues surrounding the implant 
(peri-implant mucositis and peri-implantitis).

PERIODONTAL DISEASE THERAPIES36–38SECTION VIII

THE INFLUENCE OF ROOT ANATOMY ON PERIODONTAL 
INSTRUMENTATION, ORAL HYGIENE INSTRUCTION AND 
PERIODONTAL MAINTENANCE

SECTION IX

Bacterial plaque that has just formed can easily be 
removed from accessible crown and root surfaces 
with a toothbrush and dental floss. However, if it is 
not removed frequently, it can calcify to form a hard, 
complex mineral layer called dental calculus (tartar) 
that firmly attaches to the tooth. In the supragingival 
environment (coronal to the gingival margin), saliva 

is the calcium source forming a yellow-white mineral-
ized deposit on the teeth (Fig. 7-40). In the  subgingival 
environment, products from blood and tissue fluids 
contribute to the calcification process and the deposits 
are dark brown (Fig. 7-41). It is the job of the dental 
professional to remove these calcified deposits, both 
supragingivally and subgingivally, and to teach patients 

Scheid_Chap07.indd   223Scheid_Chap07.indd   223 9/25/2010   10:14:01 AM9/25/2010   10:14:01 AM



Part 2 | Application of Tooth Anatomy in Dental Practice224

how to prevent formation of these deposits by using 
excellent oral hygiene techniques.

The objective of instrumentation of the anatomi-
cal crown (called a dental prophylaxis) is to use spe-
cifically designed dental instruments (such as scalers 
[SKAY lerz] and curettes [kyoo RETS]) to remove den-
tal calculus, bacterial plaque, and stain that form on 
tooth surfaces. Supragingival calculus that forms on the 
anatomic crown of the tooth is easier to remove than 
subgingival deposits on roots for several reasons. First, 
hard deposits on crown surfaces are more visible and 
are readily accessible when using dental instruments. 
Soft deposits of plaque are relatively easy to remove on 
these surfaces by using excellent brushing and flossing 
techniques. Crown surfaces where calculus forms near 
the gingiva are mostly convex, which are easier to clean 
than the complex contours of roots, especially those on 
posterior teeth that are multirooted. Finally, crowns are 

covered with enamel that is the hardest substance in the 
body (95% calcified). Enamel is nonporous, so damage 
or removal of this tissue during instrumentation is not 
as likely as removal of cementum that is much less hard 
(less than about 65% calcified) and more porous.

When periodontal disease progresses to a point where 
there is attachment loss, the normal insertion of connec-
tive tissue fibers into cementum is lost. In this subgingi-
val environment, bacteria and their products, including 
plaque, dental calculus, and bacterial products, absorb 
into irregularities on the root surface and hold onto the 
biofilm, increasing the chance for plaque retention and 
periodontal disease activity. Loss of  periodontal support 
of the bone and ligament exposes complex root surfaces, 
creating a challenge for dental professionals to clean 
(instrument) and for patients to maintain. Areas of deep 
pocketing are difficult to access, and a tight (fibrotic) 
pocket may impede access to the deepest sites.

Instrumentation on the root surface requires removal 
of plaque and calculus on the root and, most signifi-
cantly, requires the removal of calculus, plaque, and bac-
terial products that were deposited into the irregularities 
in cementum exposed to the oral environment during 
periodontal disease. This may require removal of some, 
but not all, of the cementum resulting in a cleaner and 
smoother surface. This process is known as periodontal 
scaling and root planing [PLAY ning]. Periodontal scal-
ing and root planing is a treatment procedure designed 
to remove cementum or surface dentin that is rough, 
impregnated with calculus, or contaminated with toxins 
or microorganisms. While root planing makes the root 
clean, care must be taken, especially on exposed root 
surfaces, to avoid overinstrumenting the root resulting 
in a compromise in root structure (recall Fig. 7-8).

FIGURE 7-40. Supragingival calculus (coronal to the gingival 
margin) has saliva as the calcium source forming a yellow-white 
mineralized deposit on the teeth.

FIGURE 7-41. Subgingival calculus. A. On a 
maxillary first molar, calculus that formed in the 
subgingival environment is dark brown because 
elements of blood were incorporated during 
calcification. Additionally, some of the bacteria 
that are formed in calculus produce pigment. It 
can be seen here on surfaces where it most com-
monly forms and is often missed during periodon-
tal instrumentation: near the CEJ, at line angles, 
in grooves (the concavity just coronal to the 
buccal furcation) and furcations. B. Calculus at 
and apical to the CEJ on a premolar.A B
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The irregularities in cementum and dentin provide 
a challenge during instrumentation. This challenge is 
generally addressed by using ultrasonic instrumenta-
tion, that is, instruments that use high-frequency vibra-
tions to dislodge calculus and break apart bacterial cell 
walls. A combination of hand instruments and ultra-
sonic instruments can be used to remove a small por-
tion of the affected cementum through root planing.

Several areas of the root have been identified as the 
most difficult to instrument and as common areas for 
dental calculus to be left following periodontal instru-
mentation.31

1. The CEJ is difficult to instrument because, although 
accessible, the irregularities in the surface where 
enamel and cementum come together make it plaque 
retentive. Due to these irregularities, calculus is fre-
quently confused with the CEJ (Fig. 7-41A and B)

2. Concavities (grooves) that appear at numerous loca-
tions on the root surface are challenging areas for 
periodontal instruments to access. Concavities are 
most prominent on the mesial aspect of the crown 
and root of maxillary first premolars, the mesial 
aspects of mandibular first molars, and root areas just 
coronal to all furcations (Fig. 7-42). Grooves can also 
be the result of unusual tooth formation (Fig. 7-39).

3. Furcations present very unusual challenges to 
instrument. Before periodontal disease begins on 
 multirooted teeth, the periodontal attachment is 
intact so furcations are not exposed to the oral 
environment. With advancing periodontal disease 

and bone loss, once furcations (deep within gingi-
val pockets) become exposed to plaque, it becomes 
difficult to gain access for root planing. It is fre-
quently impossible to reach these areas with dental 
instruments, and even ultrasonic instruments may 
not be able to negotiate into deep furcations. The 
maxillary trifurcation area is the most challenging 
site (Fig. 7-43). Additionally, the furcal areas (inte-
rior aspects between the roots) of molars frequently 
have concavities (depressions), further complicating 
access for instrumentation (Fig. 7-42). Furthermore, 
sometimes the roots of multirooted teeth are in close 
approximation,  making access with hand  instruments 
impossible and access with ultrasonic scalers difficult 
(Fig. 7-44A). Reaching all root surfaces with instru-
ments in order to remove deposits and clean root 
surfaces that have furcation involvement and con-
cavities requires a special knowledge of root anatomy 
and advanced clinical skills. Imagine following the 
sequence and angulations required for thoroughly 
removing deposits on the roots of a mandibular molar 
as demonstrated in Figure 7-45 when the furcation 
contours and root concavities are “hidden” from view 
within deep pockets. Periodontal surgery is recom-
mended for teeth with deep periodontal furcations.

4. Tooth contours at the line angles are also difficult to 
access.

Follow-up for patients who have had periodontal 
 disease: Patients who have had periodontal disease are 
at risk for having recurrent periodontal disease. After 

FIGURE 7-42. Mandibular first molar showing concavities 
(arrows) on the distal surface of the distal root, the furcal (inte-
rior) aspect, and the root trunk just coronal to the furcation.

FIGURE 7-43. View of the furcation of a maxillary first molar 
from the root apices. With severe periodontal disease, calculus 
can form in the trifurcation and would be impossible to remove.
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FIGURE 7-44. Molars showing varying degrees of divergence. A. Maxillary molars with divergent and convergent roots. 
B. Mandibular molars from left to right: roots divergent, straighter roots, convergent roots, and fused roots. When the distance 
between roots is less than 1 mm, it is impossible to negotiate into the furcation areas with hand instruments. Ultrasonic instruments 
are more effective for instrumenting into furcation areas.

A B

A

D

B

E

C

F

FIGURE 7-45. Instrumentation of complex root surfaces on a mandibular first molar. (Ultrasonic scalers are more effective in 
furcation areas.) Imagine cleaning these areas thoroughly if they were hidden deep within a gingival pocket. A. Mesial surface of 
mesial root (using a Gracey 15/16 curette). B. Facial aspect of mesial root (Gracey 15/16 curette). C. Furcal aspect of distal root 
(Gracey 15/16 curette). D. Facial aspect of distal root (Gracey 15/16 curette). E. Furcal aspect of distal root (Gracey 13/14). 
F. Distal aspect of distal root (Gracey 13/14).

periodontal therapy or as a consequence of periodontal 
disease progression, there may be substantial  gingival 
recession. Periodontal maintenance  procedures 
( formerly referred to as supportive periodontal therapy 
[SPT], preventive maintenance and recall maintenance) 

are performed by dental professionals at selected inter-
vals (usually 3 months) to assist the periodontal patient 
in maintaining oral health.1 Once exposed to the oral 
environment, complex root surfaces require more time 
for dental professionals to clean and a greater  challenge 
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for patients to keep clean between  periodontal 
 maintenance appointments. Exposed root surfaces 
are more plaque retentive than enamel surfaces and a 
greater tooth surface area that must be cleaned.

Once periodontal disease has occurred, the patient’s 
ability to clean root surfaces also presents a special 
challenge. The toothbrush and dental floss cannot 
reach into deep pockets, tooth concavities, and furca-
tions. Special oral hygiene aids, such as interproximal 
brushes, end-tufted brushes, and rubber tips, must sup-
plement the basic oral hygiene aids of toothbrush and 
floss (Fig. 7-46). Even with appropriate aids, patients 
frequently do not have the motivation or dexterity to 
maintain these difficult to access areas.

Patients may have tooth sensitivity due to conduc-
tion of sensations through the dentinal tubules to the 
nerves in the pulp (especially through foods and liq-
uids that are cold). Therefore, desensitizing agents 
may need to be used during periodontal maintenance. 
Additionally, exposed root surfaces are prone to root 
decay (caries), a problem common in older patients, 
especially those on medications that make the mouth 
dry and reduce the amount of saliva (xerostomia).

FIGURE 7-46. Interproximal brush. When periodontal dis-
ease or gingival recession results in loss of interdental papillae, 
special brushes may be used to cleanse the interproximal areas 
and help clean tooth concavities.

Unless stated otherwise, each item may have more 
than one correct answer.

 1. Which of the following descriptors apply (applies) 
to normal, healthy gingiva?

a. Coral pink or pink with masking melanin
b. Resilient
c. Stippled
d. Spongy
e. Knife edged in profile

 2. Which of the following locations is likely to have a 
root furcation?

a. Buccal of the root of the maxillary molar
b. Buccal of the root of the mandibular molar
c. Mesial of the root of a maxillary molar
d. Distal of the root of a mandibular molar
e. Lingual of the root of a mandibular molar

 3. Which maxillary tooth has its furcation closest 
to the cervical line of the tooth (only one correct 
answer)?

a. First premolar
b. Second premolar
c. First molar
d. Second molar
e. Third molar

 4. What is the clinical attachment loss of a tooth with 
+2 mm of gingival recession and a 4 mm pocket? 
(There is only one correct answer.)

a. +2 mm
b. +6 mm
c. 6 mm
d. 2 mm

 5. Which of the following periodontal fibers attach to 
cementum and alveolar bone?

a. Horizontal
b. Oblique
c. Transseptal
d. Apical
e. Alveolar crest

 6. Which of the following are likely indications of 
periodontal disease?

a. Bleeding gums
b. Loss of bone
c. Category 3 mobility
d. Mucogingival stress
e. Gingival sulcus readings of 3 mm

Review Questions

Scheid_Chap07.indd   227Scheid_Chap07.indd   227 9/25/2010   10:14:22 AM9/25/2010   10:14:22 AM



Part 2 | Application of Tooth Anatomy in Dental Practice228

 7. The furcations are likely to be farthest away from 
the cervical portion of the tooth in which ONE of 
the following teeth?

a. Mandibular first molar
b. Mandibular second molar
c. Mandibular third molar
d. Maxillary first molar
e. Maxillary second molar

 8. Which of the following is (are) considered as root 
anomalies?

a. Furcation
b. Cingulum
c. Radicular palatal groove
d. Occlusal fissure

 9. What phrase best defines a pseudopocket?
a. Gingival margin is located coronal to the CEJ
b. Gingival margin is located apical to the CEJ

c. The distance between the gingival margin 
and CEJ

d. The distance between the gingival margin 
and furcation

 10. Which of the following may occur with clinical 
attachment loss?

a. Loss of bone
b. Exposed root surface
c. Furcation involvement
d. Exposed root concavities

 11. What is (are) included into nonsurgical 
 periodontal therapy?

a. Scaling
b. Root planing
c. Oral hygiene instructions
d. Application of local antibiotic agents

ANSWERS: 1—a, b, c, e; 2—a, b, c, e; 3—c; 4—b; 5—a, b, d, e; 6—a, b, c, d; 7—c; 8—c; 9—a; 10—a,b,c,d; 
11—a,b,c,d

1. Describe the traits you would expect in a person with gingival health (vs. one with gingival disease). You 
are looking in their mouth, and have access to their radiographs. Use as many terms as possible used in 
the chapter.

2. A. Describe as many conditions as you can that indicate the presence of periodontal disease. B. Also, 
describe conditions that may contribute to a worsening of periodontal disease.

Critical Thinking
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Dr. Woelfel’s Original Research on Gingival Sulcus Depths

In a survey by Dr. Woelfel, 267 dental hygiene students 
measured their gingival sulcus depths with a calibrated 
periodontal probe. The average gingival sulcus depths for 
mandibular first molars midbuccal were 1.5 ± 0.5 mm; 
midlingual: 1.7 ± 0.6 mm; mesiolingual and distolingual: 
2.5 ± 0.5 mm. These measurements indicate that the 

 gingival sulcus is usually deeper  interproximally. Similar 
measurements made on the mesiofacial aspect of mandib-
ular canines (1.9 ± 0.8 mm), maxillary canines (1.8 mm), 
maxillary first premolars (1.9 ± 0.7 mm), and maxillary 
first molars (2.1 ± 0.7 mm) indicate sulci slightly deeper 
on posterior teeth than those on anterior teeth.
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