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A number of histologic studies in the
1930’s by Schwartz,?”” Oppenheim,*¢:?
Stuteville,®® Skillen*®*° and others re-
vealed that various injuries in the teeth
and supporting structures were caused
by trauma from orthodontic forces.
Although most defects were found to
be reversible or underwent repair fol-
lowing removal of the forces, the res-
titution from other injuries was ques-
tioned. In particular, progression of
gingivitis to the underlying tissues?®:3°
and alveolar crest resportion'”?%3% was
emphasized. More recent clinical and
histologic evaluations of the posttreat-
ment condition of the supporting tis-
sues in the marginal regions include
assessments of pocket depths?*#6.57 and
attachment levels, mostly in short-term
experiments,51%11:22 alveolar bone loss
associated with various types of tooth
movement!®?® and extraction,’® and
gingival recession on mandibular in-
cisors.?®?* The most extensive studies
in human beings of the regenerative
period after orthodontic treatment were
made by Rateitschak and coworkers.??
In their analysis of the findings in pre-
molars that had been tipped buccally
for two months, and then retained for
three months before extraction with
removal of buccal plate and mucosa,
generally no apical migration of the
gingival pocket epithelium was found.
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The observations in these studies in-
dicate that permanent damage does not
arise in the healthy periodontium as a
result of orthodontic treatment. On the
other hand, several periodontists,
mostly on the basis of clinical ex-
perience, have assumed that orthodon-
tic intervention may provide the first
stage in a chronic marginal periodon-
titis.®*%*® Due to the irreversible and
progressive nature of periodontal
disease, even a slight destruction asso-
ciated with orthodontic therapy may
become a factor of great clinical signif-
icance with advancing age. The dif-
ferences in opinion and the uncertainty
as to the ultimate periodontal health
of orthodontic patients may be ex-
plained in part by the fact that the
number of patients evaluated generally
has been limited. Moreover, observa-
tions based on short-term experimental
or animal investigations, like unsup-
ported clinical evidence, are of limited
value with regard to the assessment of
the degree of persistent damage caused
during a full course of orthodontic
therapy.

The purpose of the present study was
to use sensitive methods, introduced
recently,® in an attempt to evaluate the
periodontal conditions of young indi-
viduals subjected to orthodontic treat-
ment by the edgewise technique.

MATERIAL
The treated group consisted of 51
patients, 18 boys and 33 girls, with a
mean age of 16.2 years (S.D. 1.4). The
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participants were examined approxi-
mately two years after the removal of
the fixed appliances. The group com-
prised all Class II, Division 1 four first
premolar extraction cases that had bzen
treated exclusively by a standard light-
wire edgewise technique in the private
practice of one of the authors (B.Z.)
during the years 1967-69. The average
period of treatment was 19.1 months
(8.D. 2.9). The individuals had par-
ticipated in a previous study on the
gingival conditions associated with ac-
tive treatment,® and all data obtained
during the previous examination were
available for reference purposes. In
contrast to the situation during treat-
ment, the participants had received
no special attention with respect to
oral hygiene care following discontinua-
tion of active retention.

The untreated group was included
for the purpose of studying the perio-
dontal condition in individuals of cor-
responding age, who had not received
orthodontic treatment. Fifty-four pupils
of two local school classes, 24 boys and
30 girls, with a mean age of 16.3 years
(S.D. 1.2) were selected to match the
treated group as nearly as possible in
all respects, particularly with regard
to age, sex, caries experience and
socioeconomic status. The untreated
subjects had not been influenced in
any way by the authors to change their
usual behaviour with respect to oral
hygiene procedures.

MEeTHODS

Pocket depth

The distance from the gingival mar-
gin to the bottom of the clinical pocket
was assessed according to the method
of Holm-Pedersen and Lége® A thin
steel strip was inserted to the bottom
of the pocket parallel with the long
axis of the tooth, and the level of the
gingival margin was marked on the
strip by means of a pointed probe (Fig.
1). Measurements on the strips were
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Fig. 1 Assessment of gingival pocket
depth by the use of the steel strip in-
serted to the bottom of the clinical pocket.

made to the last 0.1 mm by means of
a calibrated magnifying glass (8x).

Loss of attachment

The distance from the cemento-
enamel junction (CEJ) to the bottom
of the clinical pocket (i.e., the part of
the root that no longer has periodontal
fibers attached to the cementum)’ was
recorded according to the same
method. Following the recognition of
the CE]J,?* the steel strip was inserted
and the location of the junction was
marked with a dot. Measurements were
made to the nearest 0.5 mm. When
the CE]J could not be located by the
probe, it was assumed to be established
at the bottom of the pocket.

Crown height

Measurements of clinical crown
height were made on plaster models
using a Mauser slide gauge with
sharpened points. Impressions were
taken in alginate material and cast in
stone. Measurements were made to
the last 0.1 mm from the deepest cur-
vature of the buccogingival margin to
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the middle of the crown’s incisal edge
on the incisors, to the top of the buccal
cusp on canines and premolars, and to
a thin steel blade placed over the
mesio- and distobuccal cusps on the
molars.

The buccal areas of the maxillary
right first molar, second premolar,
canine and central incisor were
sclected for examination. The buccal
areas were preferred, because they give
the most consistent readings of loss of
attachment and a high degree of ac-
curacy with regard to the insertion of
the strips. The buccal regions are
thought to be the most susceptible to
damage because of the limited thick-
ness of the buccal bony plate.té2%.2
All clinical registrations were made by
the same investigator (L.A.). Plaster
models and strips were then collectively
handed over to the other investigator
(B.Z.), who made all measurements as
blind test, not knowing to which group
of patients the individuals belonged.

Method errors

To determine the reliability of the
methods, duplicate registrations and
measurements of loss of attachment,
pocket depth, and crown height were
made on eleven orthodontic patients
showing evidence of loss of attachment.
The time interval for the duplicate
registration with strips and for the two
series of impressions was 30-60 minutes.
The time lapse between any two sets
of measurements was 1-2 hours. When
0.1 mm units were used, the method
errors were (.12 mm for pocket depths,
0.21 mm for loss of attachment, and
0.14 mm for clinical crown height. On
the basis of these errors, it was con-
sidered appropriate to measure loss of
attachment to the nearest 0.5 mm.?

Statistical analyses

The distribution of measured loss of
attachment in both the treated and un-
treated group was discrete. Therefore,
there were many tied ranks. In such
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instances the use of the Wilcoxon, or
any other rank test, is not quite appro-
priate.”® The significance probabilities,
therefore, were calculated by a step-
wise procedure for testing homogeneity
against one-sided alternatives ina 2 x r
contingency table. The operation was
performed with the same level of sig-
nificance in each partial test. The test
procedure is described in detail by
Schweder.*®

Correlation coefficients and proba-
bilities were calculated between indi-
vidual mean loss of attachment and
various factors, including sex, age,
caries experience and degree of overjet
at start of treatment, mean gingival
and plaque index scores during active
treatment, duration of treatment, time
needed for retraction of canines and
caries incidence at time of band re-
moval.

Differences in mean pocket depth
and mean crown height were tested by
student’s ¢-test.

ResuLrTs

Loss of attachment

Mean losses of attachment for the
selected teeth in the treated and the
untreated groups are shown in Figure
2. None of the mean figures exceeded
0.50 mm. The bottom of the gingival
pockets for the different teeth on an
average were situated from 0.20 to 0.37
mm (mean 0.30) more apically in the
individuals who had received ortho-
dontic treatment. The paired differ-
ences between the treated and the un-
treated groups according to the non-
parametric method used were statis-
tically significant for the incisors and
the second premolars (P<0.001),
for the canines (P<0.01), but not for
the first molars.

The distribution of mean loss of at-
tachment for the individuals is indi-
cated in Figure 3. Both the treated and
the untreated groups showed charac-
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Fig. 2 Mean loss of attachment for maxillary teeth, with standard errors (in-
serted), in 51 orthodontically treated and 54 untreated young individuals.

teristics of logarithmic distributions.
As revealed by the step-down homo-
geneity test, the differences in loss of
attachment between the orthodontically
treated and untreated individuals was
statistically ~ significant  (P<0.001).
Mean loss of attachment was 0.41 mm

(S.D. 0.52) in the treated group and
0.11 mm (S.D. 0.16) in the untreated
group. No participants in the untreated
group had mean scores exceeding 1.0
mm, but five orthodontic patients
showed mean figures from 1.0 to 1.5
mm, one between 1.5 and 2.0, and one

%
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Fig. 3 Distribution of individual mean loss of attachment in 51 orthodontically

treated and 54 untreated young individuals.
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Fig. 4 Mean gingival pocket depth for maxillary teeth, with standard deviations
(inserted), in 51 orthodontically treated and 54 untreated individuals.

girl had a mean score of 2.25 mm.
Measurements on the pretreatment
casts indicated that these defects were
not promincnt before treatment. The
differences between the treated and the
untreated groups were evident also in
the score ranges below 1.0 mm (Fig.
3). The differences with regard to sex
(Table I) and age were not statis-
tically significant. The individual mean
loss of attachment was not significantly
correlated to any single factor tested.

Pocket depth and crown height

Mean pocket depths for the selected
teeth in the treated and the untreated
groups arc given in Figure 4. Corres-
ponding figures for crown height ap-
pear in Figure 5. For both parameters
the differences revealed between homo-
logous teeth in the two groups were
small and not statistically significant.
However, the individual variation was
large (Figs. 4, 5). No statistically sig-
nificant differences with regard to sex
(Table I) or age were registrated in
either group, except that in the ref-
erence group mean pocket depth for

boys was significantly (P<0.05) higher
than for girls.

Discussion

Besides reduction in alveolar crest
height, the essential changes during
periodontal destruction are loss of fiber
attachment and proliferation of pocket
epithelium beyond the cemento-
enamel junction.” A limited and con-
tinuous increase in the distance be-
tween the CEJ] and the alveolar crest
with age might be considered physio-
logic, but the rate of migration of the
connective tissue attachment level is
significantly related to the efficiency of
oral hygiene.?*3% In clinical practice
both radiographic and clinical pocket
measurements may be used for infor-
mation about the extent of damage,
but with regard to the buccal areas,
radiographs are unreliable.?

The clinical assessments of loss of
attachment in the present study in-
dicated that a slight damage of the per-
iodontium had occurred concomitantly
with the orthodontic intervention, at
least in some of the individuals. This
deduction may be based upon several
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Fig. 5 Mean clinical crown height for maxillary teeth, with standard deviations
(inserted), in 51 orthodontically treated and 54 untreated individuals.

different observations including (1)
the distance per se from the CEJ to the
fiber attachment level (Fig. 2, Table
1); (2) the significant differences in
mean loss of attachment between
the ‘treated and the untreated
groups (Fig. 2); and (3) the evident
distribution differences between the
two groups with regard to individual
mean scores (Fig. 3). Admittedly, the
assumption that unsuccessful attempts
to locate the CEJ by the probe in
young individuals corresponds to no loss
of attachment® is a weak point which
necessitates caution in the interpreta-
tion of the results. On the other hand,
the mean loss of attachment in the
reference group conformed with figures

for adolescents reported recently by
other authors.!31

The attempts to measure attachment
loss indirectly failed to provide further
evidence. In individual teeth, loss of
attachment may manifest itself as in-
creased pocket depth and/or clinical
crown height.” Pocket depths alone do
not necessarily express the degree of
severity of periodontal destruction, as
the gingivae may be subject to recession
and hyperplasia. In cross-sectional
group comparisons, minor differences in
attachment levels relative to the GE]
may be concealed by large individual
variations in pocket depth and crown
height. This would explain why the
differences with regard to these two

Loss of attachment

Pocket depth

Crown height

Treated group Untreated group{ Treated group |Untreated group| Treated group Untreated group

Mean S8.D. Mean S.D. Mean 5.D. Mean 5.D. Mean $.D. Mean S.D.
Male 0.33 .44 0.09 c.16 2.19 0.55 2.28 0.39 7.94 0.92 8.06 0.74
Female 0.46 0.55 0.14 0.15 1.98 0.42 2.06 0.27 7.91 0.70 7.80 0.57

Mean loss of attachment, gingival pocket depth and clinical crown height according
to sex in 51 orthodontically treated and 54 untreated young individuals,
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parameters between the orthodon-
tically treated and untreated individ-
uals in the present study were insignifi-
cant. The present study design was
cross-sectional because (1) assessments
of periodontal condition are most ac-
curately performed on fully erupted
teeth®! (the canines and/or second pre-
molars generally had not attained con-
tact with their opposing teeth at the
start of treatment) and (2) the inter-
pretation of cross-sectional data on loss
of attachment is feasible in young per-
sons, as such loss is absent or minimal
in orthodontically untreated teen-agers
(Fig. 3).

Mean loss of attachment in the 16-
year-old  orthodontic  patients  ap-
proached the order of magnitude re-
ported by others? for individuals
aged 20-30 years, Suomi and co-
workers®® recently demonstrated that in
adults, who had received no instruc-
tion to change their usual patterns of
oral hygiene, an average apical migra-
tion of the attachment level of 0.10
mm per year took place over a three-
year period. In another group, where
the oral hygiene condition was kept at
the highest possible level, the mean loss
of attachment was only 0.08 mm dur-
ing the whole three-year period. Hence,
previded reasonably good levels of oral
hygiene are maintained, further pro-
gression of periodontal breakdown in
the subjects of the present study may
be kept at minimum levels. However,
the high mean loss of attachment in a
small percentage of the treated cases
(Fig. 3) must be viewed with particu-
lar concern because of the accompany-
ing bone loss and decreased support
for the teeth. On the other hand, reces-
sions to the extent that the bone failed
to cover most of the buccal root sur-
faces were not registered. Such reces-
sions, or breaks in the continuity of
the alveolar bone, are thought to arise
when roots are forced into contact with
the cortical plate of the alveolar pro-
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cess, particularly when the cortical bone
is thin.*”** The high mean loss of at-
tachment on the maxillary first molars
in the untreated individuals (Fig. 2) is
in agreement with the findings of
O’Leary et al.'® and might in part be
explained by a thin bony plate in these
areas, by pre-existing fenestrations and
dchiscences,’® or possibly by imperfect
habitual toothbrushing.’:*® The present
findings also corroborate the observa-
tions of Pearson,?® who found that
severe gingival recession buccally on
lower central incisors occurred in only
a small percentage of treated cases.
In order to completely resolve questions
regarding the clinical implications of
the present results, further investiga-
tions are needed.

The etiology of the attachment loss
in the orthodontically treated patients
remains ambiguous and apparently in-
dividual proneness differences tended
to veil the correlation trials. In addi-
tion to variations in gingival condition,
probably different treatment proce-
dures, traumatic effects from increased
thoroughness of toothbrushing, and
other factors may have contributed.
Morecover, although care was taken to
place the orthodontic bands properly
on the anatomical crowns of the teeth,
some cutting of fiber attachment on
posterior teeth during the banding pro-
cedures cannot be ruled out. On the
other hand, the mean loss of attach-
ment on the different types of teeth
varied little (Fig. 2). Particular em-
phasis therefore should be placed on
the presence of gingivitis during the
treatment period, which supposedly
would influence the periodontal condi-
tion. It may be mentioned that in the
study of Rateitschak et al. some few
cases with evident gingivitis revealed
beginning apical migration of the
pocket epithelium. The observation
period of five months in that study may
thus have been too short to show the
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full extent of damage during routine
orthodontic therapy.

The possibility also exists that the
periodontal condition of the treated
cases had been influenced by factors
irrelevant to the orthodontic treat-
ment, both prior to and afterwards.
Decisive factors in this respect are the
relationship of periodontal disease to
(1) malocclusion and to (2) trauma
from occlusion. Contradictory results
appear in the literature as to whether
crowding of teeth, or any other aspect
of malocclusion, initiates or accelerates
periodontal breakdown. The prevailing
view is that malalignment of teeth does
not in itself enhance tissue degradation,
but that it decreases the eflicacy of
mechanical tooth-cleansing.! However,
in spite of the resultant gingivitis in in-
dividuals with average oral hygiene
measures, tooth retention seems to be
little influenced in young individuals.
Hence, mean loss of attachment around
the malalignment anterior teeth in 20-
year-old recruits with mediocre oral
hygiene was recently® reported to be
of the same order of magnitude as that
for the untreated subjects in the present
study. In addition, there is little evi-
dence that the degree of anterior over-
bite and overjet has any significant
effect, neither on the prevalence nor
on the extent of gingivitis.? With re-
gard to the etiological importance of
trauma from occlusion, it seems es-
tablished that occlusal, as well as or-
thodontic, trauma may manifest itself
as a reversible increase in tooth mobil-
ity.}> But information as to whether or
not and to what extent excessive forces
may act to accelerate and spread in-
flammation and possibly cause infra-
bony pockets*® is very meager, and
additional research including experi-
ments of sufficiently long duration is
required.

SUMMARY

Fifty-one individuals, representing

Periodontal Condition

409

Class 11, Division | four first premolar
extraction cases subjected to full ortho-
dontic treatment by a light-wire edge-
wise technique, were reinvestigated two
years after removal of the fixed ap-
pliances. Fifty-four matching young
adults who had not had any orthodon-
tic treatment served as a reference
group. Clinical measurements of loss
of attachment (distance from cemento-
enamel junction to bottom of clinical
pocket), pocket depth (distance from
gingival margin to bottom of clinical
pocket) and crown height were per-
formed on the buccal surfaces of max-
illary teeth. Loss of attachment and
pocket depth were recorded on small
steel strips inserted into the pockets;
crown height was measured on casts.

The orthodontic patients demon-
strated slightly, but significantly, more
loss of attachment clinically than did
the reference subjects. Mean loss of
attachment was 0.41 mm in the ortho-
dontic group and 0.11 mm in the
reference group, but the individual
variation was large. Paired comparison
for corresponding tooth surfaces in the
treated and untreated groups revealed
consistently higher figures for loss of at-
tachment in the orthodontic patients.
Attempts to measure loss of attachment
indirectly failed to furnish additional
information, as the mean figures for
pocket depth and crown height were
virtually the same for orthodontically
treated and untreated individuals.
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Oslo 4, Norway
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