Excellence in Finishing: Modifications for the
Perio-Restorative Patient

Vincent G. Kokich, DDS, MSD

Orthodontic finishing is a continual challenge for the orthodontist. In some
situations, it seems that the teeth simply “fall together” into their correct
relationship with little effort on the part of the clinician. However, in other
patients, it takes considerable effort and skill to achieve an excellent occlu-
sal result after appliance removal. Futhermore, the increase in adult patients
has brought a new challenge to the orthodontist. How should the teeth be
positioned if the patient will require minor or major restoration of the teeth
after orthodontic treatment? How should the clinician finish the occlusion if
the patient has had significant periodontal bone loss before orthodontic
therapy? How can the esthetics of a debilitated adult dentition be improved
to resemble the nonworn, nonrestored, nonperiodontally involved adoles-
cent dentition? These questions will be addressed in this article that iden-
tifies the occlusal, periodontal, and esthetic parameters for orthodontic
finishing in the adolescent dentition, and provides useful guidelines for
finishing in the adult perio-restorative patient. (Semin Orthod 2003;9:

184-203.) © 2003 Elsevier Inc. All rights reserved.

In the past, orthodontists primarily treated
children and adolescents. Although orth-
odontic “finishing” in these young patients is still
a challenge, it is always easier to achicve an
excellent result in a patient with all their nataral
weeth, no restorations, and a young resilient
periodontium. Today, however, orthodontists
are treating more adults, In some practices, 3010
409 of the patients are over 25 years of age.
Although adults are wonderful patients, they of-
ten have underlying periodontal defects, worn/
tecth, broken down
missing teeth, uneven spacing, and other peri-
odontal and restorative problems that compro-

abraded restorations,

mise the “look”™ of the “well-finished” result.
Should we apply the same finishing guidelines
or rules 1o both the dentulous adolescent and
the compromised adult patient? Probably not.
This article will identify the common ocelusal,
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periodontal, and esthetic finishing factors for
the healthy dentulous patient and explain how
these are modilied to achieve an excellent fin-
ished orthodontic result in the patient with peri-
odontal and restorative complications,

Occlusal Factors
Aligroment

Proper alignment of the teeth should be a fun-
damental objective of any orthodontic treatment
plan. However, how does the clinician know
when the teeth arve properly aligned? What land-
marks on the teeth are useful for determining
correct intratooth positioning? In an article pub-
lished by Casko and coworkers,! the American
Board of Orthodontics (ABO) established guide-
lines and objective parameters for assessing ante-
rior and posterior dental alignment. In the man-
dibular anterior sextant, the labioincisal edges of
the mandibular incisors and canines are used 1o
establish proper alignment. This surface was
chosen since itis the functioning surface of the
mandibular anterior teeth, and second because
of esthetics. If the labioincisal edges are aligned
properly, the teeth look the best esthetically. In




Excellence in Finishing 185

the maxillary anterior region, the lingual sur-
faces of the maxillary incisors and canines are
used to assess proper alignment. This surface
was chose because it is the funcrioning surface of
the maxillary anterior teeth, and if these surfaces
are aligned properly, the maxillary incisors ap-
pear to be in their proper esthetic relationship,

In the mandibular posterior sextants, the buc-
cal cusps of the mandibular premolars and mo-
lars are used to determine proper tooth posi-
tion. The cusps should be aligned within
whatever arch form the clinician is using. This
anatomic landmark was chosen since it repre-
sents the functioning surfaces of the mandibular
posterior teeth and is easy to visualize in-
traorally. In the maxillary posterior sextants, the
central grooves of the maxillary premolars and
molars are used to assess proper alignment.
These grooves should lie within the same align-
ment, depending on the arch form that the
clinician is using. This maxillary anatomic land-
mark was chosen since it represents the func-
tioning surfaces of the maxillary posterior teeth,
and is relatively easy to observe intraorally.

These guidelines must be modified slightly
when  the  orthodontist  alters  the  occlusal
scheme. One example is when two maxillary
premolars are extracted and the patient is fin-
ished in an Angle class 11 molar relationship
posteriorly. In this situation, the maxillary first
molar actually functions against the mandibular
second premolar and not the mandibular first
molar. To establish proper contact of the man-
dibular second premolar buccal cusp with the
mesial marginal ridge or mesial fossa of the max-
illary first molar, the first molar must be rotated
lingually at the mesial surface. This slight mod-
ification will facilitate beuer posterior tooth con-
tact,

Another situation when the posterior align-
ment must be altered slightly is when mandibu-
lar premolars are extracted and the patient’s
occlusion is finished in an Angle class 11T occlu-
sion. In this situation, the maxillary second pre-
molar is functioning with the central fossa of the
mandibular first molar. Therefore, the maxillary
second premolar must be moved slightly bucally,
so it will occlude properly with the mandibular
first. molar. In general, when the occlusal
scheme is altered, the mandibular arch is not
altered. Compensations in posterior alignment

are typically made in maxillary premolar and
molar positions.

In the adult restorative patient, orthodontic
alignment is made more complicated when the
patient has multiple edentulous spaces. In these
situations the wype of restoration, ie, bridges or
implants, will dictate the tooth position that the
orthodontist should achiceve. To properly plan
for correct tooth positioning, the orthodontist
must construct a diagnostic wax-up on adult pa-
ticnts who have multiple edentulous spaces.”
Working synergistically with the restorative den-
tist, the orthodontist will be aware of the restor-
ative requirements and be able to alter tooth
alignment to facilitate postorthodontic restor-
ative dentistry.

Marginal Ridges

The marginal ridges are used to assess the
proper vertical relationships of the maxillary
and mandibular posterior teeth.! In the non-
worn, nonrestored, nonperiodontally involved
adolescent dentition, the marginal ridges are
good guides for proper vertical relationships.
First of all, if the marginal ridges of adjacent
posterior teeth are positioned at the same level,
then the cusps of those teeth are also at the same
level. Furthermore, if the cusps are at the same
level, then the fossae of these teeth are posi-
tioned at the same level. Therefore, when the
teeth come into occlusal contact, they should
occlude with the opposite arch. Most impor-
tantly, if the marginal ridges are at the same
relative level, then the cementoenamel junctions
are at the same relative level. In this situation,
the bone levels between adjacent teeth will be
flat, and this produces a much healthier peri-
odontal situation for the patient. So marginal
ridges are a good indicator of relative posterior
vertical positioning.

In the adult patient with periodontal prob-
lems, tooth abrasion, and/or existing restora-
tions, the marginal ridges are not a good guide
for posterior vertical tooth position. In these
situations, the orthodontist should rely on the
bone levels between the teeth to determine the
correct vertical position of adjacent teeth.* This
is especially true in the periodontally compro-
mised patient who may have bone loss on one
surface that produces a hemiseptal defect be-
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tween two teeth (Fig 1). If the patient will have
orthodontic treatment to correct the malocclu-
sion, it is advantageous to erupt the tooth with
the bone loss during the orthodontics. This will
level the bone and reduce the pocket depth and

climinate the hemiseptal defect. This often re-
quires compensatory occlusal reduction of the
affected tooth, so it does not create a prematu-
rity with the opposing arch. However, this is
usually not significant, and in many cases the

Figure 1. This patient is missing the maxillary right second molar and second premolar (A). As a result, the
third molar and first molar have tipped mesially (B). However, the occlusal surface of the first molar is abraded
and level with the occlusal plane. Therefore, to upright the tipped teeth, the brackets on the molars must be
placed perpendicular to the long axis of the tooth, and not parallel with the abraded occlusal surface (C). As the
teeth upright, the marginal ridges and occlusal surfaces are equilibrated (D). The radiograph is used to
determine when the posterior teeth are in their correct inclination (E). By placing the brackets in their proper
relationship relative to the roots and equilibrating the crowns, the correct occlusal contacts may be established (F).
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occlusal reduction involves reshaping of a previ-
ous restoration.

Posterior Inclination

The buccolingual inclination of the posterior
teeth is assessed by evaluating the relationship
between the buccal and lingual cusps of the
maxillary and mandibular premolars and mo-
lars. This relationship has been called the curve
of Wilson. It has been described elsewhere as a
gentle curvature with the lingual cusps being
positioned slightly more apical than the buccal
cusps. In 1999, Casko and co-directors' of the
ABO defined the limits of the relationships be-
tween the buccal and lingual cusps. According
to their definition, the lingual cusp should be at
the same level or within a millimeter of the same
level as the mandibular buccal cusps. If this re-
lationship exists, the occlusal tables of posterior
teeth are relatively flat, which permits a much
better  opportunity  for the orthodontist to
achicve better contact of the maxillary lingual
cusps with the fossae of the mandibular poste-
rior teeth. As the lingual cusps move farther
away from the buccal cusps, the occlusal table
becomes canted, and occlusal contacts are more
difficult to achieve.

In the maxillary posterior region, the palatal
cusps of the first and second molars are gener-
ally slightly longer and extend slightly more oc-
clusally than the buccal cusps. According to
their 1999 article,! the ABO regards this as a
normal relationship. However if the maxillary
palatal cusps extend beyond one millimeter, it
becomes increasingly more difficult to achieve
proper occlusal contact between maxillary and
mandibular posterior teeth without producing
cross arch balancing interferences in lateral
mandibular excursions.

In the restorative patient, the buccolingual
inclination of posterior teeth may affect the re-
storative dentist’s ability to restore the posterior
teeth. This is especially true in the patient who
has a missing mandibular first molar, where the
mandibular second molar has tipped mesially
into the edentulous site. In this situation, if the
orthodontist will be uprighting the tipped sec-
ond molar for future bridge replacement, the
buccolingual position of the sccond molar is
critical. When teeth are uprighted on round
archwires, there is a tendency to cause the lin-

gual cusps of the mandibular molars to move
apically relative to the buccal cusps. If this oc-
curs, and is not corrected by the orthodontist,
the crown preparation of the second molar will
have to be modified 10 draw with the second
premolar abutment. If the additional reduction
of the second molar is extensive, it could drasti-
cally reduce the retention of the bridge abut-
ments. In these sitnations, it is better to leave the
occlusal table of posterior bridge abutments in a
flat relationship buccolingually, so the prepara-
tion of adjacent teeth for bridge abuunents will
produce the maximum retention and draw for
the eventual bridge.

Anterior Inclination

The overall inclination of the maxillary anterior
teeth is best evaluated with a lateral cephalomet-
ric radiograph. Accepted norms and ranges of
variability have been established in previous
studies. However, another aspect of anterior in-
clination relates to the relative inclination of the
maxillary and mandibular incisors. The maxil-
lary and mandibular central and lateral incisors
should be in the same relative plane compared
with one another. Occasionally they are in dil-
ferent planes, and this can cause relapse of inci-
sor irregularity after removal of orthodontic ap-
pliances. During finishing, it is possible to
determine if this alteration in inclination exists,
by evaluating four criteria.

If one suspects this problem, the first crite-
rion to evaluate is the incisal edges of the ante-
rior teeth. If a discrepancy exists in anterior
inclination, the incisal edges of the anterior
teeth will not be in the same planc. Even inset-
ting or offseuing the incisors relative to one
another will not correct the problem. A second
criterion 1o evaluate is the clinical crown length
of conualateral teeth. Without incisal wear,
trauma, or restorations, the clinical crown
length of contralateral teeth should be the same
length. However, if contralateral teeth are differ-
ent lengths, the cause could be relative discrep-
ancies in the inclination of contralateral inci-
sors. As incisor root apices are inclined more
lingually, the labial bone level could be posi-
tioned nearer the cementoenamel junction on
that woth. If this occurs, then the gingival mar-
gin will be positioned more incisal as well.

The third criterion to evaluate is root promi-
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nence. If one incisor is inclined differently than
an adjacent incisor, the root will be less promi-
nent. This may be discovered easily by palpating
the root prominences of the anterior teeth, A
depression in the alveolus will indicate the tooth
root that is inclined improperly. The fourth and
final criterion is best evaluated from an occlusal
perspective. When the incisors are viewed from
an occlusal perspective, the cingulum of an im-
properly inclined incisor is more prominent or
more visible,

The correction for improper root inclination
may be accomplished in different ways, If the
clinician is using a rectangular arch wire, the
torque of the arch wire can be modified to pro-
duce a change in the root angulation. Other
methods for altering tooth inclination include
auxiliary springs and attachments that can be
applied with a round arch wire. The time neces-
sary to make a change in incisor root inclination
depends on two factors. Firstis the difference in

root inclination, and the second is the length of

the root that must be moved. The greater the
discrepancy, and the longer the root, the farther
it must move, and the longer time it will ke to
accomplish the movement.

Improper root inclination can also affect the
restorative patient. A good example of this prob-
lem is the patient who is congenitally missing
both maxillary lateral incisors, and has a maxil-
lary arch length excess of about five millimeters.
If the patient has no crowding in the mandibular
arch, an Angle Class [ occlusion, and an accept-
able lateral facial profile, the treaument plan
could involve opening space for two lateral inci-
sor replacements. In this situation, the maxillary
anterior dental arch must be expanded by about
6 to 7 mm to create sufficient space for implants
or pontics for the missing lateral incisors. How-
ever, if the clinician does not manage the rela-
tive inclination of the anterior teeth carefully,
then several of the options for replacing the
missing lateral incisors may not be possible.?

First, it the canines and central incisors are
proclined significantly relative to one another,
then a conventional bridge will be difficult o
accomplish. A conventional bridge must have
“draw and retention,” after the teeth have been
prepared. If the teeth are proclined relative 1o
one another, then the teeth must be reduced
excessively, to establish “draw” beuveen abut-
ments. If the teeth must be reduced signifi-

cantly, then retention of the bridge will be com-
promised. In addition, if the abuuments are
significantly inclined, and must be drastically
reduced to permit the preparations to draw,
then the pulps of the teeth could be exposed
during the preparation process, This problem
could require root canal therapy.

I a resin-bonded bridge is chosen as the re-
storative option for the patient who is missing
both maxillary lateral incisors, significant incli-
nation of the maxillary centrals or canines will
reduce the retention of a resin-bonded bridge,
and result in frequent debonding of the metal
framework. The best direction of force on an
anterior abutment for a resin-bonded bridge is
parallel to the inclination of the woth, thus
producing a shear force on the resin-bonded
metal connector.® This requires that the abut-
ments for the resin-bonded bridge be oriented
vertically within the alveolus and perpendicular
o the force of occlusion. This will produce a
shear rather than a tensile force during mastica-
tion. So, if maxillary anterior teeth are proclined
excessively relative to one another, retention of
a resin-bonded bridge will not be predictable.

Another option for replacing missing maxil-
lary lateral incisors is implants. However, im-
plants require sufficient space between the
roots. This requirement is usually possible if the
maxillary central and lateral incisors are in the
same relative inclination. In this situation, root
apices will diverge sufficiently from one another
permitting space for the implant between the
roots. However, if the crowns of the maxillary
central and canine are proclined relative to one
another, then the apices of the roots of these
teeth actually tend to approximate one another.
This tendency is called the “wagon-wheel effect,”
and could prevent the placement of implants if
the inclination problem is severe enough, or il
the roots are long enough.

If a patient were missing maxillary lateral in-
cisors, and space must be opened for replace-
ments due to profile and existing occlusion, and
the tendency for improper root inclination is
unavoidable, then the only restoration that may
be possible in this situation is a pin-ledge canti-
lever bridge, restoring the maxillary canine with
a bonded or pinned restoration, with a cantile-
vered lateral incisor pontic.
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Overbite

Overbite is defined as the distance from the
incisal edges of the maxillary central incisors o
the incisal edges of the mandibular central inci-
sors. The purpose of overbite is to permit the
anterior teeth to function or incise food in pro-
trusive jaw position, while the posterior teeth are
out of occlusal contact. Therefore, the amount

of overbite necessary to accomplish the task of

discluding the posterior teeth is actually deter-
mined by the length of the cusps of the premo-
lars and canines.

Some premolars have shallow cuspal anat-
omy, and therefore the overbite required to dis-
clude this type of tooth anatomy would be small,
perhaps one to wo millimeters. However, some
paticnts have long cusps on the maxillary and
mandibular premolars and canines. In this situ-
ation the anterior overbite must be greater, per-
haps 3 to 4 mm, to disclude the posterior teeth.
If the overbite is not deep enough, then the
paticnt would only contact the posterior teeth in
protrusive jaw position, making it impossible to
incise food.

The amount of overbite has some effect on
anterior restorative  dentistry, especially  the
placement of a resin-bonded anterior bridge.

Previous studies™® have shown that retention of

an anterior resin-bonded bridge is partially de-
termined by the size of the bonded metal con-
nector on the lingual surfaces of the maxillary
canine and central incisor. If the patient re-
quires an anterior resin-bonded bridge, and the
anterior overbite is needlessly finished deeper
than necessary to disclude the posterior weeth in
protrusive jaw position, then less surface area on
the lingual of the maxillary anterior teeth will be
covered by the metal connector. In this situa-
tion, the resin-honded bridge will have a greater
tendency for bond failure.

Overjet

Anterior overjet is defined as the distance be-
tween the labial incisal edges of the maxillary

incisors and canines and the lingual surfaces of

the maxillary incisors and canines. It has been
stated by the American Board of Orthodontics!
that anterior overjet should be zero, or in other
words, the maxillary and mandibular anterior
teeth should contact, when the posterior teeth

are brought into occlusion. Presumably, if the an-
terior teeth were in contact in occlusion, then
their vertical position would be more stable. How-
ever, this is only theory and has not been proven.

Occasionally an orthodontic patient may re-
quire a full crown on one or both of the maxil-
lary central incisors, or a three-unit conventional
bridge to replace a missing central incisor (Fig
2). If adjacent teeth are not restored, there will
be a difference in the labiolingual thickness of
the restored and the nonrestored incisors. In
these situations, the orthodontist should leave
about two-thirds 1o three-quarters of a millime-
ter of overjet during orthodontic finishing.”
When the dentist restores the teeth, the in-
creased thickness of the crowns and/or bridge
will fill-in the anterior overjet and establish con-
tact with the mandibular incisors. In this way, the
labial surfaces of the restored and nonrestored
teeth will be related properly to one another.
However, there will be overjet remaining on the
nonrestored incisor. This space is eliminated by
etching the lingual surface of this tooth and
adding composite to increase the labiolingual
thickness of the tooth and establish contact with
the mandibular incisors,

Another situation where overjet must be pro-
duced during orthodontic finishing is in the
patient who has significant tooth abrasion or
erosion of the labial surfaces of the mandibular
incisors or lingual surfaces of the maxillary an-
terior teeth (Fig 3). As teeth wear, they usually
erupt o maintain contact with the opposing
arch. If abraded or eroded teeth are finished in
occlusion with the teeth in contact, there will be
no space for the dentist to restore the abraded
or croded surfaces. In these situations, the
method of creating the space often involves in-
trusion of the eroded or abraded incisors to
create the overjet. The restoration of these eeth
usually requires two steps. After tooth intrusion,
a bonded composite restoration is placed on the
abraded surface o re-establish comact with the
opposing arch. Then, after the tooth position
has been stabilized during orthodontic reten-
tion, the final restoration will replace the tem-
porary composite.

Occlusal Contact

In the posterior sextants, the adequacy of tooth
interdigitation is assessed by evaluating the con-
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Figure 2. This patient avulsed the maxillary right central incisor in an accident (A). The left central and right
lateral have also had root canal therapy and have major incisal fractures requiring eventual crowns. The choice
for restoration of the edentulous space will be a three-unit bridge from left central to right lateral incisor. During
orthodontic finishing (B, C), it is important to leave one-half to two-thirds of a millimeter of overjet This will
permit the restorative dentist to maintain the correct labial relationship of the bridge with the nonrestored
maxillary left lateral incisor (D). The increased thickness of the crowns and pontic are placed lingually, so they
contact with the mandibular arch (E). The space between the maxillary lateral incisor and the mandibular
incisors is filled-in with composite, so all teeth contact in occlusion (F).

tact relationship between the cusps and fossae of
the molars and premolars. The buccal cusps of
the mandibular premolars and molars should
contact the fossae or marginal ridges of the max-
illary molars and premolars.! In addition, the

lingual cusps of the maxillary premolars and
molars should be in contact with the marginal
ridges or fossac of the mandibular premolars
and molars.! The exceptions are the lingual
cusps of the maxillary first premolars, which may
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Figure 3. This paticnt is a bulimic. She has experienced severe erosion of the lingual surfaces of the maxillary
incisors, resulting in overeruption of the maxillary incisors (A, B), The restorative dentist needs overjet to restore
the eroded lingual surfaces. In these situations, it is possible to ereate the overjet by placing the brackets nearer
the maxillary incisal edges (C), and intruding the central and lateral incisors (D). After intrusion (E), there is
sullicient space to restore the lingual surfaces without removing any further tooth structure (F).

not establish contact with the mandibular first
premolar because of the lack of an adequate
occlusal table. In addition, the distolingual cusps
of the maxillary first and second molars may not
contact the mandibular teeth if the cusps are
diminutive in size.

However, in situations where posterior teeth

have worn significantly and will be restored with
full crowns after orthodontic treatment (Fig 4),
it may not be advantageous to establish contact
at the end of orthodontic treatment. If contact is
established and the tooth has worn significantly,
itwill still have to be reduced another 2 1o 3 mm
as the restorative dentist creates space for the
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Figure 4. The mandibular right first molar has a large occlusal restoration, and the occlusal surface has abraded
sigmificantly (A). However, the tooth is in occlusal contact with the maxillary teeth. This tooth will eventually
require a poreelain or gold crown after orthodontic therapy, If the occlusal contact is maintained, the dentist will
have 1o reduce the occlusal surface further to create space for gold and/or porcelain, and the tooth would
require crown lengthening, However, in this case, the molar was intruded about 2 mm (B, C). When the final
restoration was placed, the dentist only prepared the proximal surfaces, which enhanced the retention of the

final crown (D),

gold or porcelain of the final crown. If the tooth
is reduced farther, there may not be sufficient
preparation length to achieve adequate reten-
tion of the final restoration. These teeth could
require periodontal crown lengthening to over-
come this dilemma. However, the orthodontist
could ameliorate the problem during the orth-
odontic treatment by intruding the abraded and
overerupted tooth, thus creating an open con-
tact between this woth and the opposing arch.
This eliminates the need for the restorative den-
tist 10 reduce the occlusal surface of the abraded
tooth, which will result in adequate length of the
axial walls of the tooth preparation, and en-
hance the retention of the restoration. After the
abraded molar has been intruded, then it must
be held in that position with a provisional crown
or composite build-up of the occlusal surface,
before final restoration.

Periodontal Factors

Root Angulation

During finishing, orthodontists wypically use a
panoramic radiograph to determine if the roots
of the teeth are oriented properly relative 1o
adjacent roots. In theory, if the roots of adjacent
teeth are perpendicular to the occlusal plane,
and parallel with one another, then there will be
sufficient bone between the roots of teeth. In
this way, if the patient should develop periodon-
tal discase at some later time, it is assumed that
more interproximal bone will provide greater
resistance o periodontal bone loss. However,
some important aspects of root angulation must
be discussed. First of all, is a panoramic radio-
graph an accurate depiction of the root angula-
tions of adjacent teeth? Researchers have evalu-
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ated this question®™? and conclude that there
are distortions produced with a panoramic ra-
diograph, especially in the maxillary and man-
dibular canine/first premolar regions, where
the archform curves. However, recognizing
these minor inadequacies, the panoramic radio-
graph is probably a reasonable screening ool in
general. In specific situations, it is beneficial to
take supplemental periapical radiographs to ac-
curately assess root angulations and root prox-
imity.

A second aspect that requires discussion is
whether close root proximity will actually cause
detrimental long-term effects. This question was
investigated, and the authors'™' concluded that
close root proximity did not produce detrimen-
tal effects in their sample. These authors cau-
tioned that their sample was relatively young,
and was not a sample of patients that were sus-
ceptible to periodontal disease. Whether or not
close¢ root proximity cnhances interproximal
bone destruction in a sample of periodontal
patients is not known.

However, close root proximity after orth-
odontic treatment will cause problems in certain
restorative patients. If the roots of anterior teeth
are in close proximity, and the patient will have
full crowns or veneers placed after orthodontic
therapy, it may be difficult for the dentist o
obtain an adequate impression of the gingival
margins of adjacent tooth preparations. It may
be difficult for the restorative dentist to pack
impression cord into the sulcus if the adjacent
tooth root is in close contact in the cervical
region of the woth preparation.

Another restorative situation where root an-
gulation is important is in the single-tooth im-
plant patient. When a patient is congenitally
missing the maxillary lateral incisor and the
eventual restoration will involve the placement
of a single-tooth implant (Fig 5), it is important
that the orthodontist create sufficient space be-
tween the roots of the central incisor and ipsi-
lateral canine. This type of tooth movement may
require several months of adjustment to estab-
lish adequate space for the implant.

Bone Level

In adolescent patients, orthodontists should not
be concerned with evaluating the bone levels
between adjacent teeth. First of all, adolescents

generally do not have periodontal disease that
could result in bone destruction around adja-
cent teeth. Therefore, the orthodontist should
align the incisal edges of nonworn, nonrestored
anterior teeth and the marginal ridges of non-
worn, nonrestored posterior teeth, and in this
way the cementoenamel junctions and inter-
proximal bone will be at the appropriate level.

In adult patients with prior periodontal dis-
case and interproximal bone loss, the incisal
edges or marginal ridges of the teeth are not
reasonable guides for vertical positioning of ad-
Jacent teeth.? If the patient has horizontal bone
loss in the maxillary or mandibular anterior re-
gions (Fig 6), it is best to align the bone levels
rather than adjacent teeth. In these situations,
the orthodontist must cquilibrate the incisal
edges as the bone is leveled to establish the
correct incisal edge position, occlusion, and
crown-to-root relationships.

Esthetic Factors
Crown Width

Most orthodontic patients have maxillary central
and lateral incisors that have symmetric dimen-
sions, both in width and length. However, occa-
sionally, one or both lateral incisors are nar-
rower than  normal and  could require
restoration after orthodontic therapy. Where
should the malformed lateral incisor be posi-
tioned to achieve the best esthetic result? The
position often depends on the shape of the
toth.

Malformed laterals generally have wo differ-
ent shapes. Some are cone-shaped, and others
resemble the shape of a normal lateral incisor,
but are significantly narrower, thinner, and
shorter, If a lateral incisor is only slightly nar-
rower than normal, and the problem is bilateral,
the orthodontist may decide not to provide
space to restore the tooth during orthodontic
wreatment. If the width discrepancy is only slight,
the influence on the anterior occlusion, and the
impact on esthetics may be indistinguishable.’®
However, if the malformation is unilateral, or if
the width discrepancy is significant, esthetics
and occlusion could be adversely affected if the
malformed tooth or teeth are ignored." ' Be-
tore the advent of composite bonding, restor-
ative treatment of malformed maxillary lateral
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Figure 5. This 28-vear-old patient had orthodontic therapy at 15 vears of age to open space for a resin-honded
bridge 1o replace her congenitally missing maxillary right lateral incisor (A). Now she wanis the space restored
with an implant. However the original orthodontics did notalign the roots properly, and insullicient space exists
for the implant (B), Therefore, she required a second phase of orthodontics (C) 1o upright the roots (D). so the
implant could be placed (F), and the missing tooth could be restored properly (F).

incisors was much more challenging, and re-
quired a full-crown to enlarge the size of the
malformed tooth. However, in an adolescent
orthodontic patient with a large pulp chamber,
the risk of irreversibly damaging the pulp is
substantial if a full-crown were attempted. Bond-
ing has permitted much more conservative res-

toration without extensive preparation of the
lateral incisor. Either composite or porcelain
veneer restorations, or complete composite or
porcelain crowns may be bonded to the enamel
with minimal tooth reduction. However, the orth-
odontist must position the malformed tooth in the
proper position to facilitate ideal restoration.
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Figure 6. This 63-vear-old school teacher wants her crowded mandibular anterior teeth aligned (A), However,
she has lost significant bone around the incisors (B). If the incisal edges of the teeth were used as a guide to
position the teeth orthodontically, this would perpetuate a poor crown to root ratio and result in very maobile
teeth. In this sitnation, it is best to maintain the level of the bone and equilibrate the incisal edges (C, D). By
reducing the length of the teeth, the mobility is reduced, and the teeth are casily aligned (E) and restored (F).

If the malformed lateral incisor is merely nar-
rower, thinner, and shorter than the contralat-
eral incisor, the final restoration will probably be
a composite or porcelain veneer. In this situa-
tion, the orthodontist must position the tooth
precisely before restoration. IF sufficient space
exists, a composite restoration may be placed

before orthodontic treatment. However, in most
situations, there is insufficient space to restore
the malformed lateral incisors. Therefore, orth-
odontics is often necessary to create space to
build-up malformed lateral incisors.”!

The orthodontic mechanics to open space
mesial and distal to the lateral incisor are rela-
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tively simple (Fig 7). Compressed coil springs
are placed between the central incisor, lateral
incisor and canine, to push the central and ca-
nine away from the lateral incisor. Space will be
generated in a few weeks. As space is created,
four questions must be answered. First, how
much space is required to restore the lateral
incisor? If the patient is congenitally missing the
opposite lateral incisor, a diagnostic wax-up
should be constructed. This will determine the
correct size for the restoration of the peg-shaped
lateral incisor. If the patient has an existing lat-
eral incisor of normal width on the opposite
side, it is appropriate to create the same amount
of space. Occasionally, it is advantageous to cre-
ate extra space temporarily. This will allow the
restorative dentist to contour and polish the in-
terproximal surfaces of the temporary compos-

ite restoration, so that it matches the width of

the opposite lateral. Any residual space may be
closed after the restoration has been placed.

When creating space orthodontically, a sec-
ond question arises. Where should the maxillary
lateral incisor be positioned mesiodistally rela-
tive to the central incisor and caninez If the
lateral incisor is positioned too close to the ca-
nine, the mesial surface of the lateral must be
overcontoured to achieve the appropriate crown
width. The result could be unaesthetic. The
emergence profile or contour of the mesial sur-
faces of lateral and central incisors is relatively
flat. The distal surfaces of central and lateral
incisors are more contoured or convex. There-
fore, the peg-shaped lateral incisor should be
positioned nearer the central incisor than the
canine during orthodontic treatment (Fig 7).

Where should a lateral incisor be positioned
buccolingually: toward the labial, in the center
of the ridge, or toward the lingual? The answer
to this question depends on the type of perma-
nent restoration that will eventually be con-
structed for the tooth. In most cases, during

Figure 7. The maxillary right lateral incisor is 2 1/2 mm narrower than the left lateral incisor (A). During
orthodontic therapy, extra space is opened between the central incisor and canine (B) so the tooth can be
properly restored, The lateral is positioned nearer the central (C) and toward the lingual (C), while the gingival
margin is aligned with the contralateral lateral incisor, so the final restoration will be inconspicuous (D).
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orthodontic treatment, a temporary composite
build-up is placed on a peg-shaped lateral inci-
sor. However, eventually, this tooth may be re-
stored with either a porcelain veneer or a por-
celain crown. If the eventual restoration will be a
porcelain crown, the lateral incisor should be
positioned in the center of the ridge buccolin-
gually, leaving (.50 to 0.75 mm of overjet. This
will avoid additional tooth preparation of the
lingual of the lateral and permit space for gold
and/or porcelain in the final restoration. How-
ever, if the final restoration will be a porcelain
veneer, then the peg-shaped lateral should be
positioned lingually to contact the mandibular
incisors in centric occlusion (Fig 7). This will
allow sufficient space on the labial 1o construct
bpth the temporary composite build-up and the
eventual porcelain veneer.

Finally, where should the lateral incisor be
positioned incisogingivally? This relationship is
determined by the relative positions of the gin-
gival margins. Most peg-shaped lateral incisors
are not only narrower mesiodistally and bucco-
lingually, they are also shorter than normal lat-
eral incisors incisogingivally, If the incisal edge is
aligned with the opposite lateral incisor, the
crown could be too short. Therefore, the gingi-
val margins of the peg-shaped lateral should be
aligned with the contralateral lateral incisor.
The restorative dentist will restore proper
length, width, and thickness of the tooth, when
the temporary composite build-up and final res-
toration are constructed (Fig 7).

Gingival Levels

The relationship of the gingival margins of the
six maxillary anterior teeth plays an important
role in the esthetic appearance of  the
crowns.”*** Four characteristics contribute to
ideal gingival form. First, the gingival margins of
the wo central incisors should be at the same
level. Second, the gingival margins of the central
incisors should be positioned more apically than
the lateral incisors and should be at the same
level as the canines. Third, the contour of the
labial gingival margins should mimic the cemen-
toenamel junctions of the teeth, Last, there
should be a papilla between each tooth, and the
height of the tip of the papilla is usually halfivay

between the incisal edge and the labial gingival
height of contour over the center of ecach ante-
rior tooth. Therefore the gingival papilla occu-
pies half of the interproximal contact, and the
adjacent teeth form the other half of the con-
tact,

However, some patients may have gingival
margin discrepancies between adjacent teeth.
These discrepancies could be caused by abrasion
of the incisal edges or delayed migration of the
gingival margins. When gingival margin discrep-
ancies are present, the clinician must determine
the proper solution for the problem: orthodon-
tic movement to reposition the gingival margins
or surgical correction of gingival margin discrep-
ancies.

To make the correct decision, it is necessary
to evaluate four criteria. First of all, the relation-
ship between the gingival margin of the maxil-
lary central incisors and the patient’s lip line
should be assessed when the patient smiles. If a
gingival margin discrepancy is present, but the
patient’s lip does not move upward to expose
the discrepancy, it does not require correction.
If a gingival margin discrepancy is apparent, the
next step is to evaluate the labial sulcular depth
over the two central incisors (Fig 8). If the
shorter tooth has a deeper sulcus, excisional
gingivectomy may be appropriate to move the
gingival margin of the shorter wooth apically.**#
However, if the sulcular depths of the short and
long incisors are equivalent, gingival surgery will
not help.

The next step is to evaluate the relationship
between the shortest central incisor and the ad-

jacent lateral incisors. If the shortest central is

still longer than the lateral incisors, the other
possibility is to extrude the longer central incisor
and equilibrate the incisal edge. This will move
the gingival margin coronally and eliminate the
gingival margin discrepancy. However, if the
shortest central were shorter than the laterals,
this technique would produce an unaesthetic
relationship between the gingival margins of the
central and lateral incisors,

The fourth step is to determine if the incisal
edges have been abraded. This is best appreci-
ated by evaluating the teeth from an incisal per-
spective. If one incisal edge is thicker labiolin-
gually than the adjacent tooth, this may indicate
that it has been abraded, and the ooth has
overerupted. In this situation, the best method
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Figure 8. The gingival margins between the right and left central incisors are uneven (A). The sulcular depth
labial to the left cenwral is deeper than the right central incisor, and the cementoenamel junction is located at
the depth of the sulci over both teeth (B). The correct treatment for this unesthetic situation is excisional
gingivectomy (C), which results in correct gingival margin relationships after the surgery (D),

of correcting the gingival margin discrepancy is
to intrude the short central incisor (Fig 9). This
method will move the gingival margin apically,
and permit restoration of the incisal edges. 22>
The intrusion should be accomplished at least
six months before appliance removal, This will
allow reorientation of the principal fibers of the
periodontium and avoid re-extrusion of the cen-
tral incisor(s) after appliance removal.
Occasionally, patients will have destructive
dental habits such as a protrusive bruxing habit
that could result in significant wear of the max-
illary and mandibular incisors and compensa-
tory overeruption of these teeth, When the re-

storative dentist contemplates restoration  of

these abraded teeth, it is often impossible be-
cause of the lack of crown length to achicve
adequate retention and resistance form for the
crown preparations. Two options are available,
One would be extensive crown lengthening by
clevating a flap, removing sufficient bone, and

apically positioning of the flap 1o expose ade-
quate tooth length for crown preparation, How-
ever, this tvpe of procedure is contraindicated in
the patient with short tapered roots, because it
could adversely affect the final root to crown
ratio, and it could potentially open up black
triangles or open gingival embrasures between
the anterior teeth.

The other option for improving the restor-
ability of these short abraded teeth is to orth-
odontically intrude the teeth and move the gin-
gival margins apically (Fig 10). It is possible for
the orthodontist to intrude up to four maxillary
incisors by using the posterior teeth as anchor-
age during the intrusion process. This process is
accomplished by placing the orthodontic brack-
ets as close to the incisal edges of the maxillary
incisors as possible. The brackets are placed in
their normal position on the canines and re-
maining posterior teeth, The patient’s posterior
occlusion will resist the eruption of the posterior
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Figure 9. The gingival margins between the right and lelt central incisors are uneven (A). However, the sulcular
depths over both central incisors are one millimeter, and the cementoenamel junction is located at the bottom
of the sulci. The right central is abraded and the dentin is visible at the incisal edge. The correct reatment plan
is to position the bracket more incisally on the right central incisor (B) to intrude the abraded tooth (C) so it
can be restored to its correct length matching the contralateral incisor (D),

teeth, and the incisors will gradually intrude and
move the gingival margins and the crowns api-
cally. This creates the restorative space necessary
Lo temporarily restore the incisal edges of these
teeth, and then to eventually place the final
crowns on the teeth,

When abraded teeth are intruded  signifi-
cantly, it is necessary to hold these teeth for at
least six months in the intruded position with
the orthodontic brackets and/or archwires, or
some sort of bonded retainer. The principal
fibers of the periodontium must accommodate
to the new intruded position,* and this process
could take a minimum of 6 months in most adult
patients. Orthodontic intrusion of severely
abraded and overerupted teeth is usually a dis-
tinct advantage over periodontal crown length-
ening unless the patient has extremely long and
broad roots, or has had extensive horizontal
periodontal bone loss.

Gingival Form

The presence of a papilla between the maxillary
central incisors is a key esthetic factor in any indi-
vidual.'*#2 Occasionally, adults will have open gin-
gival embrasures or black triangles between their
central incisors. These unsightly arcas are often
difficult to resolve with periodontal therapy, How-
ever, orthodontic treatment can correct many of
these open gingival embrasures, even in some
adult periodontal patients. This space is usually
due to one of three causes: tooth shape, root an-
gulation, or periodontal bone loss.'?

The interproximal contact between the maxil-
lary central incisors consists of two parts. One por-
tion is the tooth contact and the other porton is
the papilla. The ratio of papilla to contact is one to
one. In other words, half the space is occupied by
papilla and half is formed by the tooth contact.** If
the patient has an open embrasure, the first aspect
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Most open embrasures between the central
incisors are duc to problems with tooth contact.
The first step in the diagnosis of this problem is
to evaluate a periapical radiograph of the central
incisors. I the root angulation is divergent (Fig
11), then the brackets should be repositioned so
the root position can be corrected. In these

situations, the incisal edges may be uneven and
require restoration with either composite or por-
celain restorations (Fig 11). It the periapical
radiograph shows that the roots are in their
correct relationship, then the open gingival em-
brasure is due to triangular tooth shape.

If the shape of the ooth is the problem, two

Figure 11. This patient has overlapped (A) and abraded maxillary central incisors (B). When these teeth are
bracketed for orthodontic alignment, it is important to place the brackets perpendicular to the long axis of the
root (C) rather than parallel to the abraded incisal edges. In this way, the roots will be uprighted, gradually
eliminating the open gingival embrasure (D, E), and providing the correct papilla-contact relationship after

orthodontics (I).
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solutions are possible. One possibility is to re- embrasure space is large, closing the space will
store the open gingival embrasure. The other squeeze the papilla between the central incisors,
option is to reshape the woth, by flattening the  This will help to create a one to one relationship
incisal contact and closing the space (Fig 12). between the contact and papilla, and restore
This will result in lengthening of the contact  uniformity to the heights between the midline
until it meets the papilla. In addition, if the  and adjacent papillae.

Figure 12. When an open gingival embrasure is caused by tooth shape (A, B, C), the correct solution is cither
to reshape the tooth or restore the open gingival embrasure, Estimating the eventual width to length proportion
of the tooth will provide the clinician with the appropriate solution. In this situation, reshaping of both central
incisors (D) and closure of the space (E) climinated the open gingival embrasure and produced a correct
papillacontact relationship (F).
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Conclusions

This article has hopefully accomplished two ob-
jectives. The first was to identify which parame-
ters are important for the clinician to evaluate
during the finishing phase of orthodontic ther-
apy to produce an acceptable occlusal, peri-
odontal, and esthetic result. The second objec-
ive was to explain how the usual finishing
parameters must be adjusted o accommodate
for an adolescent patient who will require restor-
ative treatment after orthodontic therapy, or the
adult orthodontic patient who will require com-
bined periodontal and restorative treatment af-
ter the completion of orthodontics,
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