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Few investigations have been per-
formed on the posttreatment condition
of the dentition following routine or-
thodontic treatment, and uncertainty
still exists as to whether or not, and to
what extent, the periodontal tissues
become permanently damaged after
such therapy.l®?*3* Due to the pro-
gressive nature of periodontitis, even
little damage to the supporting tissues
associated with orthodontic treatment
may be of great clinical impor-
tance.l’%2* Some attempts to assess
the degree of persistent damage, if any,
by means of radiography have been re-
portedl,S,l1,13,22,28,33,34 HOWCVCI" pre_
vious radiographic studies on alveolar
bone loss associated with orthodontic
intervention!%333* have mostly been
performed on limited and inhomogen-
eous material, and have lacked adequate
reference groups of untreated individ-
uals. Moreover, the criteria for the
localization of the reference point on
the alveolar bone and the measured
distances have not been unequivocally
defined. The examinations have been
made either at the time of removal of
the -appliances, thus not taking into
consideration the regenerative ability
of the tissues, or at varying periods
afterwards. In the present study, there-
fore, strictly standardized material and
technical procedures were used to esti-
mate the interdental alveolar crest
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heights in orthodontically treated and
untreated individuals.

MATERIAL

The group of patients selected for
follow-up was described in detail in
the previous part of the study.’” A
total of 108 Norwegian teenagers of
both sexes were included, with a mean
age of 16.2 years (S.D.1.4). The
treated group consisted of 51 indi-
viduals having completed the ortho-
dontic treatment approximately two
years prior to the present examination.
All patients had had Class II, Divi-
sion 1 malocclusion, and all four first
premolars were extracted as part of the
orthodontic treatment. A continuous
arch light-wire edgewise technique
was used for a mean period of 19.1
months (S.D. 2.9). The wuntreated
group included 54 individuals selected
to match the others as nearly as pos-
sible in all respects. Serial extraction
carried out in some of the reference
individuals, either in one (3 subjects)
or in both (10 subjects) dental arches,
served a useful purpose in the inter-
pretation of the effect of solitary ex-
tractions unrelated to active orthodon-
tic tooth movement.

METHODS

Radiographic technique
Two posterior bite-wing radiographs
were taken using the Twix device to
ensure consistent film positioning. The
projections were standardized with a
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vertical angle of 10 degrees and the
central ray parallel with the mesial sur-
face of the maxillary first molar. Stand-
ard size ultraspeed periapical films were
used. The x-ray dental unit operating
at 50 KV and 7 MA was employed with
fixed exposure time. The radiographs
were developed, fixed and rinsed by
the same assistant according to stand-
ardized procedures.

Measurement procedures

Following repeated standardization
sessions,® the same person made all
measurements within a limited period
of time (one week). This was a blind
test, and the radiographs of the treated
and untreated groups were intermixed
during the examination sessions. The
mesial and distal aspects of the maxil-
lary and mandibular first molars and
second premolars and the distal as-
pects of the canines were selected for
study. The mesial surfaces of the ca-
nines were rejected because of inade-
quate reproduction in many cases.
Hence twenty measurements were ob-
tained from each patient.

The radiographs were placed onto
an illuminator and two reference
points, i.e., cemento-enamel junction
(CE]) and the crest of the interdental
alveolar bone approximating the tooth
surface, were located under a magni-
fying glass and marked by a fine
needle.® The most coronal level where
the periodontal space still retained its
normal width was considered as the
alveolar crest.® Infrabony craters were
measured to the point of the most
apically advanced radiolucency,® but
marginal thickening® was not recorded
as alveolar bone loss as long as an evi-
dent oblique resorption was not pre-
sent, The distance between the CE]J
and the projection of the alveolar crest
on a line parallel to the long axis of the
tooth through the CEJ will be referred
to as the CEJ-AC (Cemento-Enamel
Junction to Alveolar Crest) distance
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Fig. 1 Schematic drawing indicating the
measured CEJ-AC  (cemento-enamel)
junction to alveolar crest) distance,

(Fig. 1). Differences in the CEJ-AC
distance between any two distributions
presumably reflect different degrees of
alveolar bone loss. All measurements
were made to the nearest 0.5 mm by
means of a calibrated magnifying glass
(8 x) marked at every 0.1 mm.

The CEJ-AC distance was measured
only when there was no hesitation
as to the measurability of the area in
question. Teeth containing restorations
with overhanging margins were ex-
cluded, as such fillings may induce ex-
cessive alveolar bone loss.*

Method error

To determine the reliability of the
method, duplicate measurements (time
interval 1-2 hours) were made on dup-
licate exposures (time interval 30 - 60
minutes) of 220 tooth surfaces of 11
randomly selected patients. When meas-
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TABLE I

Frequency (per cent) and distribution of nonmeasurable alveolar crest heights
(cemento-enamel junction to alveolar crest) on bite-wing radiographs

MAXILLARY TEETH

First molar Second premolar Canine
Distal Mesial Distal Mesial Distal | Mean
Treated group 12.8 12.8 0.0 1.0 0.0 5.3
Untreated group 27.8 18.5 5.6 2.8 1.9 11.3

MANDIBULAR TEETH

First molar Second premolar Canine
Distal Mesial Distal Mesial Distal Mean
Treated group 12.8 9.8 3.0 7.9 12.8 9.3
Untreated group 16.7 10.2 10.2 13.0 25.8 15.2

ured in 0.1 mm units, the method
error was 0.24 mm. Therefore, meas-
urements to the nearest 0.5 mm were
considered pertinent.

Statistical analysis

In comparisons of two distributions,
systematic differences were revealed by
Student’s t-test. Correlation coefficients
and probabilities were calculated be-
tween the means for the individual,
and for the distal aspect of the canines,
and various factors, including sex, age,
caries experience and degree of overjet
at the start of treatment, mean gingi-
val and plaque index scores during ac-
tive treatment, duration of treatment,
time needed for retraction of canines,
caries index at time of band removal
and loss of attachment.®”

ResuLrts

Nonmeasurability

Difficulties with regard to the rec-
ognition of either or both reference
points hampered measurements of al-
veolar crest heights in about ten per
cent of all surfaces examined (Table
I). Nonmeasurability varied greatly
from one type of tooth to another, and
the percentages were consistently higher
in the untreated than in the treated
group (Table I). Of 219 surfaces
where no measurement was made, 65%

were due to projection inadequacies.
The remaining surfaces were not meas-
urable because of indistinct bone con-
tours (14%), tipped or rotated teeth
(7%), amalgam fillings covering the
CEJ (7%), bone heights adjacent to
overhanging margins of restorations
(6%, or neighboring teeth under erup-
tion (1%).
Alveolar bone loss

Mean radiographic measurements of
the interdental alveolar crest heights
per tooth surface of the treated and un-
treated groups are shown in Figure 2.
The CEJ-AC distance averaged 1.11
mm (S.D. 0.20) in the orthodontic
patients and 0.88 mm (S.D. 0.12) in
the reference group. This difference is
statistically significant (P<0.001). The
highest figures for the CEJ-AC dis-
tance were noted in closed extraction
spaces and, particularly, on the pres-
sure side of the retracted canines. Paired
comparisons between homologous tooth
surfaces in the treated and untreated
groups revealed consistently more al-
veolar bone loss for all the tecth in the
treated group (Fig. 2). The differences
were statistically significant for the dis-
tal aspects of the maxillary and man-
dibular canines (P<0.001), the man-
dibular second premolar (P<0.001)
and the maxillary (P<0.05) and man-
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Fig. 2 Mean radiographic measurements of distance from cemento-enamel junc-
tion to alveolar crest in bilaterally pooled tooth surfaces of 51 orthodontically
treated and 54 untreated young individuals. (Standard deviations for the dif-
ferent surfaces ranged between 0.41 and 0.54 mm in the treated group, and between
0.35 and 0.44 mm in the untreated group).

dibular (P<0.01) first molars, and for
the mesial aspects of the maxillary
(P<0.001) and mandibular (P<0.05)

second premolars.

The distribution of mean CEJ-AC
distance both for the individual and
for the distal aspect of the canines in-
dicated that considerable individual
variation was present (Fig. 3). None
of the correlation coefficients between
the CEJ-AC distance and the dif-
ferent factors tested was significant at
the five per cent level.

When the untreated group was sub-
divided into serial extraction and non-
extraction cases, no significant differ-
ences in mean CEJ-AC distances were
recorded in the premolar and canine
region, but in some individuals sub-
jected to serial extraction, tendencies
toward increased alveolar bone loss
were noted. No significant sex or age
differences in alveolar crest height
were noted in the untreated group.

DiscussioN

Recent studies have indicated that
radiographic measurements of interden-
tal alveolar bone loss may be as ac-
curate as periodontal probe measure-

ments.?® In addition, radiography may
yield information that cannot at all,
or not as easily and/or objectively, bs
obtained by clinical methods.? Assess-
ment of alveolar bone loss from radio-
graphs should be restricted to the eval-
uation of interdental bone because of

difficulties in obtaining satisfactory
views of buccal and lingual bone
levels.®*

The results of the present study
demonstrated that the orthodontic pa-
tients showed significantly more alveo-
lar bone loss radiographically than did
the reference subjects. However, the dif-
ferences were small. The general pat-

Cemenro Enamer Juncrion—Aweotan Crest
70} (PRESSURE SIDE-RETRACTED CANINES)

TREATED GROUP

D UNTREATED GROUP

N
Fig. 3 Distribution of mean radiogra-
phic measurements of distance from
cemento-enamel junction to alveolar
crest in Dbilaterally and bimaxillary
pooled distal surfaces of the canines of
51 orthodontically treated and 54 un-
treated young individuals.

000.049 2.00-7.49 mm
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tern was similar to that observed in
previous investigations and confirmed
the ability of the periodontal tissues in
the majority of patients to resist the
orthodontic treatment. The greatest
alveolar bone loss was noted in the
closed extraction spaces; the pressure
side of the retracted canines disclosed
large CEJ-AC distances. This finding
confirms the observations of Buchner,®
Tirk and co-workers,®®* Maushardt!®
and Sleichter,?® but it contradicts state-
ments made by Baxter! and Libby.®
In Baxter’s study, however, a similar
tendency was found in the first premolar
extraction cases treated with the edge-
wise technique. The fact that almost
seventy per cent of these cases were
Class I malocclusions might explain
the differences.

The periodongtal status of the closed
extraction spaces is of particular clinical
interest because removal of teeth is fre-
quently a part of orthodontic treat-
ment. Some recent histological evidence
from animal experiments indicates that
the alveolar crest will not return to its
former height adjacent to extraction
sites.® It is possible that the extractions
per se had contributed to the alveolar
bone loss in the treated group, inas-
much as a tendency toward more loss
was noted in some of the serial extrac-
tion cases in the untreated group.
However, several other factors were
probably important, including the or-
thodontic forces used, the gingival con-
dition associated with the treatment,
pressure from the transseptal fibers,”
and individual predisposition to in-
creased resorptive activity.!?!5 There
is also a possibility that part of the dif-
ferences between the untreated and
treated groups were present prior to,
or otherwise unrelated to, treatment.
Further studies are needed to clarify
the relative importance of the etiologic
factors.

With regard to the orthodontic treat-
ment procedures, emphasis should be
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placed on the type of force used. Many
authors have stated that tooth move-
ments providing a high load at the
alveolar crest, such as torque and rapid
tipping, may result in reduction of the
alveolar crest height.1¢.2021,26.28 Tn gpite
of attempts to move the canines bodily
in the present study, some degree of
uprighting generally was necessary after
space closure. On the other hand,
available data do not indicate that
significant alveolar bone loss takes place
following tipping and uprighting by
the Begg technique.?:3

The presence of gingival inflamma-
tion during orthodontic tooth move-
ment may augment alveolar crest re-
sorption.®2* The maintenance of opti-
mal oral hygiene in adults retards the
rate of alveolar bone loss.®* The gen-
eralized gingivitis present during ac-
tive treatment, therefore, should re-
ceive attention. The insignificant corre-
lation between the CEJ-AC distance
and the GI scores in the present study
might be explained by the small varia-
bility in gingival condition when the
fixed appliances were in place.?

The figures on bone height given in
the present study cannot be claimed to
represent absolute values, and a num-
ber of precautions must be taken.
1) Assessments could not be made on
all bone septa. However, mainly due to
the standardized radiographic tech-
nique used and the age of the partici-
pants, nonmeasurability was consid-
erably lower than in previous re-
ports.??3 The high degree of non-
measurability in the untreated group
(Table I) was partly a consequence of
the presence of the first premolars; 2)
radiographic assessments generally cause
an underestimation of interdental al-
veolar bone loss;3%* 3) infrabony poc-
kets are difficult to detect on radio-
graphs. The alveolar crest may not be
uniformly resorbed over a single tooth
surface in response to orthodontic
forces,*® and the frequency of undetect-
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ed bone craters may be higher in the
treated than in the untreated group;
4) any single measurement cannot pro-
vide an accurate picture of bone loss
for tooth surfaces presenting alternate
crest heights.

Evaluations of the clinical signifi-
cance of the present results are difficult
due to the widely divergent opinions
concerning the maximal or optimal
heights of the alveolar crest. On the
basis of histologic observations, Schei
and co-workers®® considered bone loss
to have taken place when the alveolar
crest was found more than one milli-
meter from the CEJ. This distance
conforms to the mean figures in the
untreated group (Fig. 1). Conse-
quently, the average degree of alveolar
bone loss in the treated group may lie
within an acceptable range to be com-
pensated for by the achievement of an
adequate and stable treatment goal. It
should be kept in mind, however, that
because the retentive apparatus of the
tooth is largely restricted to the coronal
two thirds of the root, the loss of even
a small degree of alveolar crest height

may be of great clinical signifi-
cance.”/1018
Many periodontists have found

reasons to assume that the penalties of
orthodontic treatment may be paid for
ten and fifteen years after the termina-
tion of therapy.!*?*3 Particular con-
cern, therefore, should be given to the
more definite bone loss in some ten
per cent of the orthodontic patients.
Corresponding experiences were made
in the clinical assessments of loss of
attachment, but the degree of damage
apparently was greater on the buccal
surfaces, as might be expected. The
considerable interindividual variability
should be remembered during evalua-
tions of the need for orthodontic treat-
ment in individual cases. At present, it
seems difficult to predict which indi-
vidual may have a stronger predisposi-
tion for alveolar bone loss than others.
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Fifty-one Class II, Division 1, four
first premolar extraction cases treated
by a light-wire edgewise technique were
re-examined two years after removal
of the fixed appliances. Measurements
of the interdental alveolar crest heights
relative to the cemento-enamel junc-
tion (CEJ-AC distance) were per-
formed on standardized posterior bite-
wing radiographs. Fifty-four matching
individuals who had not received or-
thodontic treatment served as a ref-
erence group.

The orthodontic patients showed
significantly more alveolar bone loss
radiographically than did the untreated
subjects. Mean CEJ-AC distance was
1.11 mm in the treated group and 0.88
mm in the untreated group. Paired
comparison of homologous tooth sur-
faces in the two groups revealed con-
sistently higher figures for the CEJ-AC
distance in the orthodontic patients.
The greatest alveolar bone loss was
noted in the closed extraction spaces,
particularly on the pressure side of the
retracted canines. The distribution pat-
tern demonstrated considerable indi-
vidual variation, and a small portion
of patients showed more definite al-
veolar bone loss than others.
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