The anterior alveolus: its
importance in limiting
orthodontic treatment and its
influence on the occurrence
of iatrogenic sequelae
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delineation of the limits of orthodontic
A tooth movement prior to the start of

treatment would be extremely benefi-
cial. Treatment planning would be greatly en-
hanced, especially in situations where the
skeletal discrepancy is severe or where one or
both arches can accommodate only limited tooth
repositioning,.

The question arises as to which patients can
successfully be treated with orthodontic therapy
alone and which patients will also require
orthognathic surgery."® The decision in border-
line cases is frequently based on whether ortho-
dontic treatment will result in acceptable facial
esthetics. However, the orthodontist must also
consider whether sufficient orthodontic tooth
movement can be accomplished to correct the
malocclusion, and whether this movement can

be performed with minimal iatrogenic tissue
loss.

The incidence of bone loss and root resorption
in adult orthodontic patients is, in general, at a
level that is clinically acceptable, although losses
in individual cases could compromise the den-
tition.*® The hypothesis of this paper is that as
the teeth are repositioned at their anatomic lim-
its, the occurrence and severity of iatrogenic phe-
nomena is enhanced. Thus, it is the occurrence
of serious, unfavorable sequelae that may estab-
lish the limits of orthodontic treatment and de-
fine the borderline case as “orthodontic” or
“surgical-orthodontic.”

Our ability to move teeth within the limits of
the alveolar trough is confirmed daily in ortho-
dontic practice with bodily retraction of canines
in premolar extraction cases. Less clear, however,
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Delineating the limits of orthodontic treatment in nongrowing individuals is important when making treatment decisions,
especially in borderline orthodontic-surgical cases. The labial and lingual cortical plates at the level of the incisor apex may
represent the anatomic limits of tooth movement. Cephalometric films of 107 adults were measured to determine the width
of alveolar bone anterior and posterior to the incisor apex in each arch. Thin alveolar widths were found both labial and lingual
to the mandibularincisors in groups of Class 1, Il, and 11l individuals with high SN-MP angle andin a group of Class Ill average
SN-MP individuals. Thin alveolar widths were also found lingual to the maxillary incisors in a Class Il high angle group.

Clinical cases are presented showing that orthodontic tooth movement may be limited in patients with narrow alveolar bone
widths and that these patients are likely to experience increased iatrogenic sequelae.

Alveolar width ¢ Facial type ¢ Borderline surgical case ¢ latrogenic loss.
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b
Figure 1A-B
Figure 2 Figure 3
Figure 1A-B is our ability to bodily retract incisors over simi-

After Edwards.’”

A: The assumption is
that the total alveolus
can remodel toaccom-
modate unlimited tooth
movement. Thisis not
seen in clinical prac-
tice.

B: The assumption is
that only the midroot
and marginal alveolus
can remodel, while the
bone at the level of the
apex does not remodel
and is thus a limit to
orthodontic tooth
movement.

Figure 2
Cephalometric mea-
surements that define
the width and height of
the incisor alveolus.

Figure 3

Class | average skel-
etal pattern. The mean
for each alveolar mea-
surementisillustrated.
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lar distances. Unlimited tooth movement as-
sumes that the osseous housing can fully
reconstitute itself in any direction the tooth is
moved (Figure 1A). However, clinical experience
indicates that some limitation to anterior-poste-
rior incisor movement is operative (Figure 1B).
Proffit and Ackerman® presented a theoretical
model of the limitations of orthodontic correc-
tion in the form of three concentric “envelopes
of discrepancy.” The inner envelope represents
the limits of orthodontic tooth movement; the
middle, changes that are possible with growth;
and the outer envelope, the limits that can be
achieved via orthognathic surgery. While the au-
thors put numbers on the limits of the inner en-
velope, their purpose was to illustrate the
principle of limitation and was not based on
measurements or specific anatomic barriers.
Edwards” studied a large group of individuals
with Class II malocclusion and bidental protru-
sion. He noted that despite prolonged palatal re-
traction and root torquing of incisors, the width
of the anterior palate at the level of the apex re-
mained unchanged. The alveolus can, however,
remodel at the mid-root level and at the alveo-
lar margin when the lingual cortex is approached
and passed. He postulated an anatomic barrier
against further tooth movement in the higher
areas at the anterior palatal curvature as it ap-
proaches the horizontal vault (Figure 1B).
Edwards also pointed out the great variability
in the width of the alveolar process supporting
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the maxillary incisors and illustrated the limita-
tion placed upon orthodontic treatment by a thin
alveolus.

He measured the labiolingual width of the an-
terior portion of the palate and stated that
there does not appear to be a statistically signifi-
cant difference in these measures for groups seg-
regated by mandibular divergence (SN-MP).

Ten Hoeve and Mulie 8 studied tooth move-
ment at each stage of the Begg technique in a
group of adolescent patients. In addition to
cephalometric x-rays, they used laminagraphs to
better visualize the thin bone palatal to the re-
positioned incisors. They noted that maxillary in-
cisors respond favorably to the initial torque
force of stage 3 mechanics, then remain at a
standstill for several months when the apex ap-
proximates the dense cortical plate. Further
torque force results in the incisor sliding
occlusally and forward rather than achieving
true lingual root torque. A characteristic type of
labial root resorption was noted after stage 1. At
the end of stage 3, root resorption also extended
from the apex along the palatal root surface.
Laminagrams revealed the presence of a thin
layer of cortical bone in the marginal area on the
lingual side of the alveolar process that often
could not be seen in cephalometric x-rays. Ten
Hoeve and Mulie concluded that while there is
no anatomical limit to tooth movement in the
marginal area of the alveolus, there is a definite
limit to tooth movement as the apex abuts the
palatal cortex.

Mulie and Ten Hoeve® performed a similar
study of tooth movement in the mandibular sym-
physis. They stated that following contact of the
root with the lingual cortical plate of the sym-
physis, tooth movement comes to a standstill.
Eventually, if greater forces are applied, a per-
foration or dehiscence results.

Ten Hoeve and Mulie demonstrated that ana-
tomic limitations in the palate and symphysis are
associated with iatrogenic sequelae when these
limits are challenged. The sequelae noted in their
sample of adolescents was limited to resorption
of the root of the maxillary and mandibular in-
cisors and perforation of the lingual cortical plate
of the mandibular symphysis.

The dimension of the anterior alveolus appears
to set limits to orthodontic treatment, and chal-
lenging these boundaries may accelerate
iatrogenic sequelae. A study was therefore un-
dertaken to establish cephalometric norms for
the width of the anterior alveolus around the
maxillary and mandibular incisors. The data was
segregated according to various skeletal facial



types to see if skeletal form is a determinant of
anterior alveolar width. Some clinical examples
are presented to demonstrate a possible linkage
between anterior alveolar width and iatrogenic
experience.

Materials and methods

Pretreatment lateral cephalometric films from
a private orthodontic practice were secured for
107 Caucasians (30 males and 77 females) who
were past the age of 19 years. Patients requiring
orthognathic surgery were not excluded from the
study. Films were selected serially from the most
recent patient records and divided by facial type
into three vertical and three horizontal groups.
The vertical criterion was the sella-nasion to
mandibular plane (SN-MP) angle, with the av-
erage group measuring from 30° to 37°; the low
group < 28°, and the high group > 39°. Individu-
als measuring 29° or 38° were excluded from the
study. Because of the scarcity of Class III pa-
tients, it was necessary to extend the serial record
search several additional years to collect a
sample of these patients. The division into three
horizontal and three vertical groups resulted in
nine subgroups (Table 1), similar to the classifi-
cation proposed by Sassouni.’?

The measurements used in this study are illus-
trated in Figure 2 and are defined below. They
were recorded to the nearest 0.5 mm.

UP - Bone posterior (lingual) to upper incisor
apex. Apex of the maxillary central incisors to
the limit of the palatal cortex, along a plane par-
allel to the palatal plane, drawn through the
apex.

UA - Bone anterior (labial) to upper incisor
apex. Apex of the maxillary central incisors to
the limit of the labial cortex, along a plane par-
allel to ANS-PNS, drawn through the apex.

LP - Bone posterior (lingual) to mandibular in-
cisor apex. Apex of the mandibular central inci-
sor to the limit of the lingual cortex, along a plane
parallel to the occlusal plane, drawn through the
apex.

LA - Bone anterior (labial) to mandibular inci-
sor apex. Apex of the mandibular central inci-
sors to the limit of the labial cortex, along a plane
parallel to the occlusal plane, drawn through the
apex.

UH - Bone superior to upper incisor apex. The
shortest distance from the maxillary incisor apex
to the ANS-PNS plane.

LH - Bone inferior to mandibular incisor apex.
The shortest distance from the apex of mandibu-
lar incisor apex to the lowest point on the man-
dibular synthesis that is transected by a line

Table 1
Number of subjects in nine subgroups
defined by Angle classification and
mandibular divergence, SN-MP (n = 107)

Low Average High

Class | 15 18 15
Class li 12 7 10
Class lli 7 9 12

parallel to occlusal plane.
Data analysis

Analysis of variance was carried out, followed
by Scheffé tests to detect pairwise difference
among means. Significance was established at
the 0.05 level.

Results

Segregating the data by Angle classification
(Table 2) resulted in similar measures for inci-
sor position in the alveolus, with the following
exceptions: Bone levels superior to the maxillary
incisor apex (UH) and inferior to the mandibu-
lar incisor apex (LH) were greater in the Class
III group than in the Class I group, and the bone
level lingual to the mandibular incisor apex (LP)
was narrower in the Class III group than in the
Class I or II groups.

Segregation of the data by mandibular diver-
gence (Table 3) resulted in several significant dif-
ferences at the 0.05 level. The width of the bone
lingual to the maxillary incisor apex (UP) was
greater in the low SN-MP group than in either
the average or high SN-MP groups. Bone lingual
to the mandibular incisor apex (LP) was wider
in the low angle group than in either the aver-
age or high angle groups. Bone labial to the man-
dibular incisor apex (LA) was narrower in the
high SN-MP group than in the average or low
SN-MP groups. The total width of the mandibu-
lar alveolus (LP + LA) was significantly wider
in the low SN-MP group and narrowest in the
high SN-MP group. The height of the alveolus
superior to the maxillary incisor apex (UH) and
inferior to the mandibular incisor apex (LH) was
greater in the high SN-MP group than in the av-
erage or low SN-MP groups.

When the 107 subjects were segregated into
nine subgroups, the number of subjects in each
subgroup was small and there were few statisti-
cally significant differences in variables among
the Class I average SN-MP group and the eight
other subgroups. This data is not presented. It
appeared, however, that the width of bone
around the incisors was frequently thin in cer-
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Table 2 .
Width and height of the anterior alveolus and Angle classification

Class | Class lI Class Ill
Variable N =48 N=29 N =30
SN - MP 33.6 + 9.1 32.7 + 84 359 + 85
UP 9.1 = 3.1 82+29 79+ 21
UA 43 +13 48+ 14 48 +1.2
UP + UA 134 +29 129+ 27 127 £ 2.7
LP 43+15 42 + 1.3+ 3.0+£1.77
LA 34+13 31+15 27 1.2
LP + LA 7.6 + 2.1 7.3 £ 2.0+ 56+25
UH 6.5 £ 3.0 7428 92 +28
LH 23.2 + 3.5 242 + 4.0 25.4 + 3.6”

*P < 0.05 for comparisons with average group
+ P < 0.05 for comparison of Class Il and Class Ill groups

Table 3
Width and height of the anterior alveolus and
mandibular divergence, SN-MP

Low Average High
Variable (N =34) (N = 36) (N=37)
SN - MP 24.2 + 3.5"+ 335+ 2.0 442 £ 5.1
UP 10.3 £ 3.3 *+ 8.1+ 22 7.3+20
UA 44+ 15 46+ 1.3 47 £+ 1.2
UP £ UA 147 £ 29 *+ 127+ 2.3 120+ 24
LP 5.0 + 1.3*+ 3.7+ 1.6 31+14
LA 3.8 = 1.3+ 33+ 1.3 23 +1.0"
LP + LA 8.7 £ 1.9"+ 70+ 22 55+ 1.8
UH 58+26+ 7.1+ 29 9.5+ 25
LH 22.2 + 3.2+ 235+ 3.2 26.5 = 3.4*

*P < 0.05 for comparisons with average group
+ P < 0.05 for comparison of low and high groups
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tain subgroups. Since thinness of the alveolus
was thought to be clinically relevant, the distri-
bution of narrow alveolar bone in the nine sub-
groups was studied. A thin alveolus was defined
as equal to or less than one standard deviation
below the mean of the Class I average SN-MP
group (Tables 4 and 5). A normal probability
curve would predict that 16% of the data would
be < 1 S.D. of the mean. A high percentage of
subjects (46-90%) in the three high SN-MP

- groups and the Class Il average group had thin

alveolar bone both labial and lingual to the man-
dibular incisors. In contrast, the Class III low SN-
MP group did not demonstrate this thin LA-LP
pattern. Bone lingual to the maxillary incisor
(UP) was frequently (40%) thin in the Class I and
Class II high SN-MP groups (Table 5).

A thin alveolus may be noted on an individual
basis in almost any group, even the Class I aver-
age group. However, the Class I and Class IT av-
erage SN-MP groups and all three low SN-MP
groups tended to have a minimal number of sub-
jects with a narrow alveolus.

Alveolar width

Subdividing the sample of 107 adults by Angle
classification resulted in few significant differ-
ences in the width of bone labial or lingual to the
maxillary or mandibular incisor apices. When the
sample was subdivided by mandibular diver-
gence (SN-MP), however, several dimensions
were significantly different (Table 3). This find-
ing is in contrast to that of Edwards,” who found
no difference in width of the anterior alveolus
in groups divided by mandibular divergence.
When compared with the average SN-MP group,
the high angle groups had narrower bone labial
to the mandibular incisor while the low angle
groups had wider bone lingual to the maxillary
and mandibular incisors.

Analysis of the subgroups that had thin alveo-
lar width, that is <1, S.D. of the Class I average
group mean, shows that the three high angle
groups and the Class III average group tend to
show a large number of subjects with thin alveo-
lar widths. On the other hand, the low SN-MP
groups tend to have few subjects with thin al-
veolar widths. There appears to be a direct rela-
tionship between increased facial and alveolar
height and thinness of the alveolar bone. Appar-
ently, as a consequence of facial height increase,
the incisors erupt to maintain overbite, and the
alveolus becomes attenuated with thinning of the
width between labial and lingual walls.

Isaacson et al." studied three groups —high, av-
erage, and low SN-MP — that were selected in a
fashion similar to this paper. Lower facial height



(ANS to menton) was different for the three
groups; the low SN-MP group was 4.8 mm
shorter than the average group and the high SN-
MP group was 7.1 mm longer than the average
group. In the present study, the height of bone
superior to the maxillary (UH) and inferior to the
mandibular incisor apices (LH) reflects mandibu-
lar divergence in a similar manner (Table 3). It
appears that as the face lengthens, in part due
to mandibular divergence, the incisors must
erupt away from the basilar planes.

Dividing 103 patients into nine subgroups re-
sults in a small number of patients in each cell —
as low as 7 and no higher than 18. This study
needs to be repeated with a much larger sample
to more accurately define subgroups. Differences
between the sexes or racial groups were not con-
sidered in this study. A larger sample would also
diminish the problem of assigning subjects to
subgroups based on one cephalometric measure,
with only 2° separating the high and low groups
from the average.

More important than the group means is the
unique variation of alveolar size for individuals
and its effect on treatment. This is best illustrated
by citing clinical cases. These cases will also dem-
onstrate the possible association of thin alveolar
housing and iatrogenic phenomena.

Class II with long lower face height

Individuals in the Class II high SN-MP group
frequently have a thin zone of bone lingual to
the maxillary incisors (Table 5). Reduction of
maxillary incisor protrusion in individuals who
have narrow UP widths will be limited. The limi-
tation set by the palatal cortex is illustrated by a
female patient, age 26 years 2 months, with a
Class Il malocclusion and 12 mm overjet (Figure
4A-H). Although the SN-MP was normal at 33°,
this patient had excessive facial height (Figure
4G). The bone superior to the maxillary incisors
was 13.5 mm (norm UH = 6.1 mm) and the lower
face height was excessive at 78 mm. Bone lingual
to the maxillary incisors, at 4.5 mm, was narrow
(norm UP = 8.4 mm) and insufficient to correct
an overjet of 12 mm without excessive uprighting
of the incisors. Bone lingual to the mandibular
incisor was only 2.5 mm, with 3.7 mm as the
norm. The maxillary incisors were protrusive
with an anterior openbite, and the mandibular
incisors were crowded (Figure 4B).

The maxillary first premolars and one man-
dibular incisor were extracted to allow for cor-
rection of the overjet and mandibular incisor
crowding. Treatment time was 23 months. The
overjet was reduced 11 mm, partly by retraction
and partly by uprighting of the incisors (Figure

Table 4
Mean = S.D. of width of bone supporting
incisors for Class | average SN-MP group

The anterior alveolus

(n=18)

upP 84 + 24
UA 49 + 1.1
UP + UA 13.3 + 2.3
LP 43 = 13
LA 37 £ 12
LP + LA 79 £ 16
UH 6.1 + 2.6
LH 227 + 2.3

Table 5

Percent of subjects of facial type subgroups with alveolar width
<1 8.D of the norm*

SN-MP Class N uP UA LP LA
Average I 18 22 6 22 22
I 7 29 29 22 43

m 11 18 9 73 64

Low I 15 0 13 0 20
12 17 17 0 33

H 7 14 0 0 29

High I 15 40 20 46 73
i 10 40 10 50 90

m 12 25 05 58 67

*norm is Class | average in mm
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Figure 4A-B
Pretreatment portraits
and intraoral photo of
a 26-year-old female.
See text under Class i
long lower face height.
Notelipincompetence,
anterior openbite, max-
illary dental protru-
sion, and mandibular
incisor crowding.

Figure 4A

Figure 4C

Figure 4C
Pretreatment periapi-
cal x-rays of the inci-
sors.

Figure 4F
Posttreatment periapi-
cal radiographs of the
incisors. Note the root
resorption of the maxil-
lary incisors and mar-
ginal bone loss around
the mandibularincisors
consistent with the in-
sufficient width of the
alveolar bone lingual to
the maxillary incisors
and the thin lower al-
veolus.
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4H). The maxillary incisor apices were posi-
tioned at the limit of the palatal cortex. The man-
dibular incisors were moderately repositioned in
a lingual direction. Posttreatment radiographs
(Figure 4F) reveal significant maxillary incisor
root resorption and moderate marginal bone
loss. The mandibular incisors show moderate
root resorption but significant (about 2-3 mm)
marginal bone loss. The soft tissue profile was
greatly improved , but upper gingival exposure
increased (Figure 4D and H).

The bone loss and root resorption can be attrib-
uted, in part, to movement of the maxillary inci-
sors to the limits of the palatal cortex and to the
thin attenuated alveolar bone in both arches. This
patient was treated in-the early 1970s. Today, a
recommendation of maxillary surgery would be
included in her treatment plan.

Class III average and high SN-MP groups

The Class III high and average SN-MP groups

have thin alveolar bone widths labial and lingual

Vol. 66 No. 2 1996

to the mandibular incisor apices and thin alveoli
labial to the maxillary incisors. This makes both
labial expansion of the mandibular incisors (of-
ten done prior to orthognathic surgery) as well
as lingual retraction of the mandibular incisors
and labial expansion of the maxillary incisors (as
in orthodontic compensation) quite hazardous.
A male patient, 27 years old, with a Class III
malocclusion and a long vertical development of
the face is illustrated in Figure 5A-]. The width
of the mandibular arch, especially in the canine
region, was excessive relative to the maxillary
arch. The anterior occlusion was only moderately
in crossbite due to the labial inclination of the
maxillary incisors and lingual inclination of the
mandibular incisors. The width of bone labial
and lingual to the maxillary incisor apex was
close to the norm (Figure 5G). The width of bone
labial (2.0 mm) and lingual (1.5 mm) to the man-
dibular incisor apex was extremely thin. The
mandibular plane at 35° does not demonstrate a
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Figure 4D

Sk
Figure 4E
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— PRE Rx 26y 2m
---- POST Rx 28y 3m

Figure 4G

long face pattern, but the bone superior and in-
ferior to the maxillary and mandibular incisors
apices exceeds the norm, and the lower facial
height was long at 86 mm.

The mandibular canines were extracted because
of extensive recession of the attached gingiva and
dehiscence of the labial bone (Figure 5B). Treat-
ment time was 23 months.

The posttreatment records show that the man-
dibular incisors were moved in a lingual direc-
tion about 3 mm at the crown and 1.5 mm at the
apex, which placed them at the limit of the sym-
physis (Figure 5H). The width of the mandibu-
lar arch lingual to the lateral incisor was
narrowed by 7 mm. Root resorption is evident
on the maxillary incisors (Figure 5F). There is
moderate bone loss (1 mm) around the maxillary
incisors. The mandibular incisors show signifi-
cant root resorption as well as severe bone loss.
Bone loss is generally about 2 mm, but extends
to 4 mm at the distal of the right lateral incisor.

Figure 4H

Labial gingival recession of the mandibular in-
cisors following treatment is noted (Figure 5E).
The posttreatment soft tissue profile is excellent
(Figure 5D).

The combination of root resorption and mar-
ginal bone loss resulted in mobility of the man-
dibular incisors. This mobility was controlled by
a lingual retainer bonded to all incisors extend-
ing to the second premolar (Figure 5I). The com-
bination of a thin pretreatment alveolus and the
extensive narrowing of the mandibular arch may
have initiated a marked iatrogenic reaction at
both the apex and the marginal bone of the man-
dibular incisors.

The mandibular lingual bonded retainer has
been in place to date, and the mandibular inci-
sors have been maintained without any further
loss of root length or periodontal support for 10
years (Figure 5]).

The Angle Orthodontist
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Figure 4D-E
Posttreatment por-
traits and intraoral pho-
tograph. Treatment
was completed in 23
months. The maxillary
firstpremolars and one
mandibular incisor
were extracted. Note
improvement in the
profile and correction
of the openbite and
dental protrusion.

Figure 4G

Tracing of the pretreat-
ment cephalometric x-
ray with alveolar di-
mensions recorded.
Compare with Figure 3.
Note narrow bone pala-
tal to the maxillary
incisors and very nar-
row alveolus around
the mandibular inci-
sors. The 4 mm UP-
width is insufficient
whenthe 12mm overjet
is considered.

Figure 4H

Tracing of superim-
posed pretreatment
and posttreatment
cephalometric x-rays
shows the maxillary
incisors wereretracted
to the limit of the pala-
tal cortex.
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Figures 5A-B
Pretreatment portraits
and intraoral photo of
a27-year-old male. See
section on Class lll av-
erage and high SN-MP
groups. Note accept-
able profile despite
Class lil molar occlu-
sion. Also note gingi-
val recession of the
canines, especially the
mandibular canines.

gure 5C

Figure 5C
Pretreatment periapi-
cal x-rays of the inci-
sors.

Figure 5F
Posttreatment periapi-
cal x-rays of the inci-
sors. Note the severe
root resorption as well
asbonelossaroundthe
mandibular incisors
despite their modest
movement. Thisis con-
sistent with the pres-
ence of a thin alveolus
over the mandibular in-
cisors.
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Figure 5A

Figure 5B

Figure 5F

Class III groups

Sperry et al.”? studied a mixed group of patients
with Class III malocclusion treated without
orthognathic surgery by increasing dental com-
pensations, i.e., by inclining the maxillary inci-
sors labially and the mandibular incisors
lingually, similar to the treatment in the previ-
ous case. They noted gingival recession on the
labial of tboth arches, especially the mandibular
arch.

Artun and Krogstad® studied adults with Class
III malocclusion treated with orthodontic decom-
pensation :of the mandibular incisors prior to
orthognathic surgery. They demonstrated that
excessive labial proclination of mandibular inci-
sors may lead to gingival recession, particularly
when the alveolar housing, measured across the
symphysis.at the level of the incisor apex, is nar-
row.

Individuals in the Class Il low SN-MP group
usually do not have a narrow anterior alveolus.

Vol. 66 No.2 1996

This is in contrast to the Class III average and
high SN-MP groups (Table 5). The low SN-MP
subject may show less iatrogenic phenomena,
i.e., bone loss, root resorption, or gingival reces-
sion, when treated by labial expansion of the
mandibular arch prior to orthognathic surgery,
or, in mild A-P cases, following retraction of the
mandibular incisors. This hypothesis is sup-
ported by Artun and Krogstad® in terms of gin-
gival recession and a thin alveolus. Future
studies are needed in which periapical x-rays are
also evaluated so that bone loss and root resorp-
tion can be studied.
Bimaxillary dentoalveolar protrusion

Edwards (his Figures 26 and 27)” pointed out
that many severe bimaxillary protrusion subjects
have thin alveolar bone. Three examples of se-
vere bimaxillary protrusion are illustrated in lat-
eral cephalometric views (Figure 6A-C). All three
patients have dental protrusion, narrow alveo-
lar width, excessive lower face height, divergent
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Figure 5D

Figure 5E
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Figure 5G

Figure 5l
mandibular planes, and lip incompetence. It
would be unwise to attempt orthodontic treat-
ment for profile improvement for these patients
without surgery because of insufficient alveolar
bone to accommodate the required retraction of
the incisors. This anatomic limitation would also
place the patients at risk for iatrogenic sequelae.
A patient with bimaxillary dentoalveolar pro-
trusion, lip incompetence, and a protrusive den-
tal profile is illustrated in Figure 7A-D. The

Figure 5H

Figure 5J
patient’s chief concern was poor facial: esthetics
due to the protrusive dentition and fullness of
the lips (Figure 7A,C). She was treated with a
combined orthodontic-surgical approach that in-
cluded extraction of the four first premolars fol-
lowed by maxillary and mandibular segmental
alveolar osteotomies to close the extraction sites
and reduce the dental protrusion. The postsur-
gical tracings (Figure 7D) demonstrate that.sur-
gery allowed repositioning of the mandibular

The Angle Orthodontist
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Figures 5D-E
Posttreatment portraits
and intraoral photo-
graph. Treatment time
was 23 months. The
mandibular canines
were extracted. Note
improvementofthe pro-
file because the lower
lip flattened along with
the retraction of the
mandibular incisors.
The occlusion is much
improved. The man-
dibular right central in-
cisor shows moderate
gingival recession.

Figure 5G

Tracing of pretreatment
cephalometric x-ray
with alveolar dimen-
sions recorded. Com-
pare with Figure 3. Note
the normal width of
alveolar bone about the
maxillary incisors and
the extremely thin
alveolar bone about the
mandibular incisors.

Figure 5H

Tracing of the superim-
posed pretreatmentand
posttreatment cephalo-
metric x-rays. The man-
dibular incisors were
moved 3mm atthe level
of the crown and only
1.5 mm at the apex.

Figure 51
Posttreatment occlusal
view of the mandibular
arch. Alingual wire was
bonded to all teeth from
second premolarto sec-
ond premolar.

Figure 5J

Periapical x-rays taken
10 years postretention.
Note stability of the
periodontium.
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Figures 6A-C

Tracing of cephalomet-
ric x-rays of three adult
patients who presented
for orthodontic treat-
ment because of bi-
maxillary dentoalveolar
protrusion. All three
patients have severe
dental protrusion, ex-
cessive lower facial
height, divergent man-
dibular planes, and lip
incompetence. The al-
veolar width available
for correction of the
protrusions was judged
inadequate (compare
with Figure 3) and com-
bined orthodontic-
orthognathic surgical
procedures were ad-
vised.
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Figure 6A

Figure 6C

incisors well beyond the cortical plate of the sym-
physis. The profile improvement was significant
(Figure 7B). Treatment with orthodontics alone
would have been limited by the mandibular syn-
thesis to a modest profile change.
Repositioning teeth beyond the alveolar
housing

Can the apex of the incisor roots be positioned
beyond the alveolar housing? Will the cortical
plate remodel or will the roots undergo resorp-

Vol. 66 No. 2 1996

Figure 6B

tion? Mulhe and Ten Hoeve,® as discussed pre-
viously, concluded that if the apex was moved
beyond the alveolus, the cortex in that region
would not significantly remodel and the lingual
cortical plate of the symphysis could be perfo-
rated. A case is presented where the lingual plate
was perforated dramatically (Figure 8A-I).

A 49-year-old postmenopausal Caucasian fe-
male presented with a Class II malocclusion with
5.5 mm overjet and a high mandibular plane
skeletal pattern (Figure 8A and F). The mandibu-
lar incisors were severely crowded. The thick-
ness of the alveolus around the maxillary incisors
was adequate to accommodate overjet correction
(Figure 8F). Bone around the mandibular incisors
was thin at 3.9 mm, with the width of bone to
the lingual only 0.9 mm (the norm for LP = 4.3
mm).

The patient was periodontally healthy at the
time and could not be probed beyond 3 mm.
There was, however, bone loss around the
crowded mandibular incisors from past peri-
odontal disease, which measured 3.5 mm from
the CEJ (Figure 8B). The protrusion of the max-
illary teeth and the crowding of the mandibular
teeth resulted in a disfiguring malocclusion.

The treatment plan prescribed extraction of the
maxillary right and left first premolars. In the
mandibular arch, the left central was extracted
to provide enough space to align the incisors.
Premolar extraction in the mandibular arch was
vetoed because it was felt that this would have
required retraction of the incisors in the face of



Figure 7A

Figure 7B

The anterior alveolus

Figure7A

Portraits taken prior to surgery on a 29-year-old
female. See section on bimaxillary dentoalveolar
protrusion. Note poor facial esthetics due to den-
tal protrusion and lip incompetence. Also note
gingiva showing upon smiling.

Figure 7B

Portraits taken after surgery at completion of treat-
ment. Four first premolars were extracted and
maxillary and mandibular segmental osteotomies
were performed to reduce protrusion. Note im-
provement in profile and lip competence.

Figure 7C

Pretreatmenttracing alveolar dimensions recorded,
(compare with Figure 3). Alveolar bone lingual to
the mandibular incisors will not accommodate
sufficient retraction via orthodontic treatment for
improvement of facial esthetics.

Figure 7D

Superimposed pretreatment and posttreatment
cephalometrictracings. Note that combined ortho-
dontic surgical treatment allowed reduction of the
bidental protrusion as well as positioning of the
mandibular incisors beyond the limits of the pre-
treatment lingual cortical plate of the synthesis.

VA.Q
29y 9m —
31y 5m----

Figure 7C

almost no lingual alveolar bone.

At about the ninth month of treatment, the pa-
tient noted extreme mobility of the mandibular
incisors. Although oral hygiene was poor, the
periodontium could not be probed beyond pre-
treatment levels. Periapical x-rays taken at this
time showed bone loss and moderate root re-
sorption around the mandibular incisors (Figure
8D).

The mobility of the mandibular incisors contin-

Figure 7D

ued. Thirteen months after the start of treatment,
the incisors and canines were stabilized by a lin-
gual bonded wire. Treatment was completed in
24 months, at which time the mandibular lingual
bonded wire was extended to the premolars (Fig-
ure 8I).

Cephalometric x-rays were taken as part of the
final records. At this time it was apparent the
roots of the mandibular incisors were inadvert-
ently torqued through the lingual cortical plate

The Angle Orthodontist
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Figure 8A
Figure 8A
Pretreatment study models of a 49-year-old fe-
male. See section on repositioning teeth beyond

the alveolar housing. Note severe overjet, Class
Il occlusion, and mandibular incisor crowding.

Figure 8B

Pretreatment periapical x-rays of the mandibu-
larincisors. Note marginal bone loss around the
mandibular incisors.

Figure 8B

Lo

Figure 8D Figure 8E

Figure 8C

Posttreatment study models. The maxillary first premolars and one mandibu-
lar incisor were extracted. Note correction of the severe overjet.

Figure 8D

Periapical x-ray of the mandibular incisors taken at the ninth month of
treatment. Note root resorption and bone loss.

Figure 8E

Periapical x-rays of the mandibular incisors itdken one month prior to
appliance removal. ‘Note bone loss and root:resorption of the mandibular
incisors consistent with the perforation of theilingual cortical plate of the
synthesis. The extent of the iatrogenic sequélae has stabilized since the
periapicals taken at the ninth month of treatmenit.
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(Figure 8H). The lingual wall of the synthesis dis-
played a bulge due to the position of the incisor
roots (Figure 8I). Recession of the gingiva on the
lingual of the incisors was noted.

Periapical x-rays taken just before appliance
removal (Figure 8E) revealed that the mandibu-
lar incisors had lost no further bone or root
length compared with x-rays taken at the ninth
month of treatment and the crestal bone ap-
peared to be denser.
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Figure 8F

igure 8l
The lingual root torque to the mandibular inci-

sors was delivered inadvertently through light -

round wires. In most instances of extracting one
mandibular incisor, the incisor roots are con-
tained by the dense cortical plate as the crowns
are aligned. The perforation and extent of apical
movement in this case is highly unusual. Perhaps
the combination of age and the extremely thin
alveolus contributed to the perforation by the
apex.

Stabilization of the affected incisors with the
lingual bonded wire at the ninth month of treat-
ment may have prevented further periodontal
loss. Long-term stabilization not only prevents
mobility, but will possibly allow for remodeling
repair of the bone loss on the lingual of the inci-
sors.® In retrospect, extraction of a mandibular
incisor was a poor choice, considering the thin-
ness of the alveolus and the extent of pre-exist-
ing bone loss.

The most common iatrogenic problems—root

Fig ure 8H

Figure 8G

Figure 8F

Superimposed pretreatment and posttreatment cephalometric tracings.
Note thin alveolar width around the mandibular incisors at the pretreat-
ment stage. The mandibular incisors perforated the lingual cortical plate
of the synthesis during treatment and the alveolar bone did not remode!
to accommodate lingual movement of the mandibular incisor roots.
Figure 8G

Detail of pretreatment cephalometric x-ray of the mandibular incisor
region. Note thin alveolar housing of the mandibular incisors.

Figure 8H

Detail of posttreatment cephalometric x-ray of the mandibular incisor
region. Note penetration of the synthesis and root resorption of the
mandibular incisors.

Figure 8I

Posttreatment occlusal view of the mandibular incisors. Note bulge on the
lingual caused by the root going beyond the lingual cortical plate of the
synthesis. Also note lingual bonded retainer.

resorption, bone loss, and gingival recession—
were seen in this patient and clearly demonstrate
the association of anatomic limits dictated by the
thin alveolus and the occurrence of unfavorable
sequelae. Mulie and Ten Hoeve? illustrated what
they termed incisors that “fell off the symphy-
sis” (see their Figure 3). However, they did not
report the serious jatrogenic sequelae observed
in this paper. Perhaps the adolescent patients in
their study were more resistant to these sequelae
than the adult. ‘

Discussion

The anatomic limits set by the cortical plates of
the alveolus at the level of the incisor apices may
be regarded as “orthodontic walls.” Other ex-
amples of such walls are the maxillary sinus
around the premolars, the inferior aspect of the
palate (especially in deepbite cases), areas of
sclerosed bone, and deeply imbedded fibrous
frenula. It is imperative in planning treatment to
consider these orthodontic walls as a limit to re-
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positioning teeth, as well as a danger zone for
heightened unfavorable sequelae.

The question remains, however: How can we
determine, a priori, which borderline cases can
be successfully treated by orthodontics alone
without incurring unacceptable levels of bone
loss and root resorption? A simple, visualized
treatment objective, performed with overlay ac-
etate papers, will determine if sufficient alveo-
lar bone is available for safe movement of
incisors to correct anteroposterior discrepancies.
One should keep in mind that the cortical plates
of the palate and synthesis that are traced from
cephalometric x-rays present a two-dimensional
view of a concave surface. The actual limit of the
palate and synthesis at the midline may be nar-
rower than the traced image.

Frequently the skeletal discrepancy is large and
beyond dental compensation, i.e., outside the
“envelope of discrepancy” for orthodontic treat-
ment.® At times this discrepancy is small, but the
thinness of the alveolar housing will not accom-
modate even modest movements. Orthognathic
surgery is often required to improve skeletal re-
lationships and soft tissue harmony, as well as
establish a stable occlusion. There are many bor-
derline patients who may appear to be within the
range for orthodontic therapy but who, upon
closer examination of their cephalometric x-rays,
will require surgery because of limited alveolar
width.

The mandibular incisors, more frequently than
the maxillary incisors, are the cause of limitation
in treatment because of the thinness of their al-
veolar housing.

A thin alveolus may be encountered in any
skeletal type, but is most frequently encountered
in patients with long lower face height and se-
vere bimaxillary protrusion. Although only
adults were studied in this paper, the observa-
tions are also applicable to individuals who are
still growing, if corrective growth modification
is limited. '

Cephalometric x-rays were introduced by
Broadbent in 1931.% However, no cephalomet-
ric analysis to date considers the dimensions of
the incisor alveolus. A standard for the Class I
average SN-MP angle group is presented (Table
4 and Figure 3) and should be incorporated in
cephalometric evaluations.

A segment of the adult population, indepen-
dent of orthodontic treatment, will show bone
loss due to periodontal disease. Most adults un-
dergoing orthodontic treatment will demonstrate
some level of bone loss, root resorption, and gin-
gival recession.*® The causes of root resorption

Vol. 66 No.2 1996

and bone loss are multifactorial and the archi-
tecture of the alveolar bone is only one factor.
Thus, iatrogenic loss may be observed even if the
apex is contained within its alveolar housing.
However, the specificity and severity of the
iatrogenic loss displayed in the cases reported
here can best be explained by the limitations im-
posed by the cortical walls of the alveolus.

Kaley and Phillips’* have shown the association
between root resorption and orthodontic ap-
proximation of the maxillary incisor against the
palatal cortex, and Artun and Krogstad™ have
shown gingival recession to be correlated with
thinness of the alveolus in Class III patients when
mandibular incisors were proclined prior to
orthognathic surgery. These papers and the clini-
cal cases presented indicate that the limits of the
anterior alveolus is an important factor in initi-
ating iatrogenic loss.

Significant variability in iatrogenic response to
orthodontic treatment is, however, seen in the
presence of a thin alveolus. The cases presented
were selected precisely because of the severity
of the iatrogenic phenomena they demonstrated
and the apparent association with a thin alveo-
lus. A more comprehensive clinical evaluation of
many patients is required to more precisely de-
fine the role of the thin alveolus. Nevertheless,
patients with a thin alveolus or an alveolus in-
adequate to the demands of extensive tooth
movement should be considered at risk for un-
favorable sequelae due to orthodontic treatment.
Along with rational orthodontic mechanico-
therapy and maintenance of periodontal health
during treatment, consideration of the anatomy
of the incisor alveolus is one of the keys to mini-
mizing unfavorable sequelae in orthodontic prac-
tice.

Conclusions

1. Cephalometric measurements were estab-
lished for the various combinations of horizon-
tal and vertical facial types for the width of bone
labial and lingual to the incisor apices.

2. A narrow alveolus was frequently noted
around the mandibular incisors in high SN-MP
groups and in the Class III average group. A thin
alveolus was often noted lingual to the maxillary
incisor apex in the Class II high SN-MP group.

3. While individuals of any facial type could
have a thin alveolus, this was rarely seen in low
SN-MP groups or in the Class I average SN-MP
group.

4. Clinical cases demonstrate that the palatal
wall of the maxilla and the posterior cortex of
the synthesis represent “orthodontic walls” or



barriers to tooth movement.

5. While the iatrogenic response to challenging
the anatomic limits is variable, the severity of this
response can compromise the periodontal sup-
port of the incisors involved.

6. Norms for alveolar width in the Class I av-
erage group are presented. A simplified predic-
tion can be achieved using overlay acetate
tracings of the projected treatment.

7. Patients with either narrow alveolar width
or severe skeletal discrepancies are most likely
to demonstrate limitation in orthodontic correc-
tion and may require surgery.

8. These same patients are also likely to exhibit
severe iatrogenic loss of periodontal support
when tooth movement challenges the “orthodon-
tic walls” represented by the dense cortical plates
at the level of the incisor apices.

9. The width of the anterior alveolus combined
with a visualized treatment projection can be

Commentary

Robert M. Rubin, DMD

hypothesis is clearly stated, the design of the
xperiment addresses the question at hand,
and the sample size is large enough to test the
hypothesis. The author writes with clarity and
felicity. The illustrations and photographs docu-
ment the findings extremely well.
The paper makes a valuable contribution to our
understanding of some of the limits to orthodon-
tic treatment. By confining the study to adults,

I t was a pleasure to critique this paper. The

used in determining if the borderline patient is
best treated via conventional orthodontics or a
combined orthodontic-surgical program.
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the author avoided the complication of dealing
with the influence of growth on expanding the
possibilites of treatment. Perhaps that can be ad-
dressed in a future study. Also, a logical exten-
sion would be to consider the limitations of
treatment in the transverse dimension. The cor-
tical plate of the posterior maxilla and mandible
are formidable barriers, and in this era of non-
extraction and expansion, it is helpful to explore
the physical limitations that must be faced.
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