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Decalciﬁcation, caries, and inflammatory periodontal disease are some of
the commonly recognized consequences of the failure to maintain good
oral hygiene, especially during orthodontic treatment (BLooM AND BRowN 1964).
The detrimental effects of plaque accumulation around orthodontic brackets and
bonds have been well documented, with a chronic, hyperplastic marginal gingiv-
itis being an almost inevitable result of poor plaque control in children (BAER anD
Coccaro 1964). If left untreated, this condition may progress in some cases to
tissue destruction and highly damaging inflammatory periodontal disease (ZacH-
RISSON AND ZACHRISSON 1972).

There is now overwhelming evidence to implicate oral microorganisms as the
‘primary etiologic agents of periodontal disease, with different forms of inflam-
matory periodontal disease being caused by different species of organisms (LOE ET
AL. 1965, LISTGARTEN 1976). A healthy periodontium appears to be associated with
scant microbial flora located almost entirely supragingivally (LOE ET AL. 1965).

Microbial cell accumulations in health are usually 1 to 20 cells thick, and are
comprised mainly of gram-positive coccal forms (Socransky Er AL. 1977). In the
healthy gingival crevice, the flora consists mostly of primary gram-positive faculta-
tively anaerobic tocci and rods, in particular various species of Streprococci and
Actinomyces (SLOTS 1977).

These gram-positive organisms still predominate in the microbial flora associ-
ated with gingivitis, but there is often an increase in the numbers of gram-
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negative anaerobic rods of the Fusobacter-
tum and Bacteroides types (SLOTS ET AL.
1978). Progress to destructive periodonti-
tis in adults frequently coincides with the
dominance of the gram-negative faculta-
tive anaerobes and the presence of
increasing numbers of motile organisms
such as spirochetes (PAGE AND SCHROEDER
1976). These species show a high patho-
genic potential to periodontal tissues,
since they elaborate various cytotoxic
products that include an array of enzymes
capable of hydrolyzing gingival tissues
(MACDONALD ET AL. 1963, NISENGARD AND
GENCO 1977).

Clinical and experimental studies have
demonstrated that the most important
etiologic factor in inflammatory perio-
dontal disease is the presence of bacterial
plaque at or below the gingival margin.
The introduction of fixed orthodontic
appliances into the mouth increases the
number of areas for potential plaque
retention, and thus the possibility of pro-
gressing from a gingivitis to a periodon-
titis (ZACHRISSON AND ALNAES 1973).
Fortunately, the gingivitis seen so fre-
quently in children seems to rarely prog-
ress to destructive periodontitis (BAER AND
CoCCARO 1964).

Pathologic changes in the gingiva have
nevertheless been noted in children, but
little information is available on the
extent, frequency, or severity of these
changes (SPENCE 1955). The interproximal
areas have been consistently shown to be
affected more, particularly around poste-
rior teeth. ZACHRISSON AND ZACHRISSON
(1972) found that removal of the ortho-
dontic appliances produced significant
improvements in gingival health within
one month of debanding. However, no
attempts have been made to correlate
these changes with the number and type
of microbial flora present in the gingival
crevice (LOE ET AL. 1965).

Several researchers have attempted
to quantify the distribution of organ-
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isms present in the plaque of orthodontic
patients, but technical problems have
confined these evaluations to supragingi-
val plaque (BLoom AND BROWN 1964, BAL-
ENSEIFEN AND MADONIA 1970, KEY 1981,
HARDIE AND BOWDEN 1976, AND SOCRANSKY
ET AL. 1963).

With the recent development of tech-
niques for the collection, isolation and
cultivation of anaerobic flord, it has now
become possible to determine the nature
and type of microorganisms that might
reside in the gingival crevice adjacent to
orthodontic appliances (SYED AND
LOESCHE 1972, LOESCHE AND SYED 1973,
AND SLOTS 1975).

The purpose of this study is to evaluate
the changes in gingival health and in
subgingival microbial flora associated
with fixed orthodontic appliances.

— Materials and Methods —

he study sample is comprised of 13

orthodontic patients (5 male and 8
female), all Caucasian, ranging in age
from 12 to 16 years (mean 14yrs 1mo) at
the start of orthodontic treatment. The
subjects were randomly selected without
regard for type of malocclusion, had no
mouth breathing, tongue or digit habits,
and showed no abnormal hard or soft
tissue morphology. All were screened to
ensure that there was no history of recent
orthodontic treatment, systemic disease,
or a course of antibiotic therapy within
the preceding six months.

All subjects completed an oral hygiene
program consisting of three instructional
visits covering the “modified Bass™
toothbrushing technique and the use of
dental floss. Plaque and gingival indices
were recorded according to LOE (1967).
The importance of oral hygiene was
stressed and evaluated throughout the
study. No fluoride rinses or gels were
used either before or during the study, to
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exclude their influence on the microbial
flora in the gingival crevice.

Baseline clinical and bacteriological
data were recorded for the maxillary and
mandibular central incisors and the max-
illary and mandibular right first perma-
nent molars prior to the placement of
orthodontic appliances. Dry field sam-
pling was accomplished through the use
of cheek retractors, cotton rolls and high-
volume aspiration.

The parameters evaluated on each of the
four teeth were:

Gingival Index

The gingival index was calculated at six
sites (3 buccal and 3 lingual) on each on
the four teeth evaluated (LoE 1967).

Plaque Index

The plaque index was measured at 6 sites
(3 buccal, 3 lingual) on each of the four
teeth (SCHEIE ET AL. 1984). Any remaining
supragingival plaque was then removed
with a scaler and the teeth carefully
washed and dried prior to subgingival
plaque collection.

Subgingival Plaque Collection

Subgingival plaque samples were taken
from four sites in each patient — the
distobuccal gingival crevice of the upper
and lower central incisors, as close as
possible to the contact point, and the
mesiobuccal gingival crevices of the
upper and lower right first molars adja-
cent to the contact point.

The subgingival plaque samples were
collected using 20mm lengths of .016”
stainless steel orthodontic wire. The tip
was smoothed, and a 45° bend placed
5mm from the tip to facilitate insertion
in the crevice. This tip was gently passed
through the gingival crevice of one of the
four sampling sites as a stream of nitro-
gen gas was directed onto the sampling
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area to minimize oxygen exposure of any
anaerobic flora.

The wire with the collected subgingival
plaque sample on its tip was then trans-
ferred in a flow of nitrogen gas to a plas-
tic transport tube containing 1.0ml of
reduced transport fluid suitable for main-
taining the collected organisms. This
procedure was repeated for each sam-
pling site.

Each transport tube was flushed with
nitrogen gas and sealed to maintain an
essentially anaerobic environment. The
transport tubes were placed in an anaero-
bic culture chamber with an atmosphere
of 5% carbon dioxide, 10% hydrogen,
and 85% nitrogen, with an average oxy-
gen concentration of 20 parts per mil-
lion. The samples were vortexed for 30
seconds and diluted with 4.0ml of
reduced transport fluid.

Next, 0.1ml was removed from each tube
to be plated onto each of five selective
media — Bacitracin agar, CNAC-20 agar,
Trypticase Peptone blood agar, Kanamy-
cin-Vancomycin laked blood agar, and
Brucella agar for spirochetes. Each
medium was suitable to support growth
of one of the five major groups of bacte-
ria commonly found in subgingival
plaque samples.

Each plaque sample was inoculated in
triplicate sets of plates and cultured for
four days in an anaerobic chamber equi-
librated to 37°C. A count of the total
viable organisms present on each culture
plate was determined using a Quebec col-
ony counter. The relative proportions of
the different types of organisms were
determined for each sample site by cal-
culating the mean counts for the tripli-
cate plates of the five types of medium
used for each of the four teeth evaluated.

Pocket Depths

Pocket depths were assessed using a Mar-
quis probe at 6 sites (3 buccal and 3
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lingual) on each of the four teeth
evaluated.

Orthodontic appliances were fitted after
collection of this baseline data. Direct
bonded brackets were placed on the inci-
sors, and bands cemented on the molars.

After one year of orthodontic treat-
ment, a second complete set of data was
collected on each patient for comparison
with the pretreatment values. The data
generated from the two sampling periods
were statistically analyzed using a two-
way analysis of variance and Student’s T-
test for unmatched data. A level of signif-
icance of p<0.05 was selected, and cor-
relations were evaluated using the
Pearson product-moment correlation
coefficient.

— Results —

Few major changes in oral health were
noted over the year in orthodontic
appliances. The pretreatment (T!) and
one-year (T?) supragingival plaque
indices were very similar, with no signif-
icant changes noted on any of the four
teeth evaluated. Plaque levels were simi-
lar for the bonded and the banded teeth,
and evaluation of the segregated plaque
scores for the labial surfaces also failed to
reveal any significant differences in
plaque accumulation (Table 1).

The gingival index, however, did show
a significant (p<0.05) increase from T!

to T? for each of the two bonded incisors,
but not for the two banded molars. The
mean increase of 0.55 (p<0.05) for the
two bonded incisors was significantly
greater (p<0.05) than the 0.32 (p=NS)
increase seen for the two banded molars.

Comparison of the changes on the
labial and lingual surfaces showed that
almost the entire increase in the gingival
index could be attributed to changes on
the labial surfaces of the two bonded
incisors (+0.58, p < 0.05) and the banded
molars (+0.44, p <0.05) (Table 2).

Pocket depth increases were small, with
p values reaching the .05 level of signifi-
cance only when the sample size was
increased by pooling different teeth
(Table 3).

On the other hand, the microbiologic
data did show significant change during
the period with orthodontic attachments.
The percentage of each of the five types
of organisms in the microbial flora was
altered, with the most noticeable change
in the streptococci, which constituted
17.5% more of the flora at T2 (p<0.01).

Conversely, the actinomyces-like orga-
nisms constituted 13.3% less of the over-
all flora (p <0.05). Minor reductions
were also seen in Fusobacterium and Bac-
teroides species. Only a small, statistically
insignificant increase was noted for the
potentially pathogenic spirochetes which
tend to become more plentiful in deep
anaerobic pockets (Table 4) (Fig. 1).

Table |
Plaque Index Scores
Time | Time 2 Change
meantSD mean £ SD T,~T, P
Ul 0.77+0.53 0.85+0.59 +0.08 NS
L1 0.8810.46 0.931+0.68 +0.05 NS
U6 0.86+0.35 0.72+0.49 -0.14 NS
Lé 0.98+0.36 0.75+£0.55 -0.24 NS
Mean 0.87+0.43 0.811+0.56 -0.06 NS
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Evaluation of the interactions between
the various parameters examined revealed
few significant relationships.

A correlation was noted between the
pretreatment plaque and gingival indices
(r=0.84). This relationship was present
at T? (r=0.78) for all four teeth exam-
ined. No significant correlations could be
found between the gingival index and the
depth of the patient’s pockets, or between
plaque levels and pocket depths over the
one-year treatment period.

Nor could a correlation be found
between either of the two significant
changes seen in the microbial flora spec-
trum and any of the changes in gingival
index.

— Discussion —

ittle deterioration in oral hygiene sta-
tus was found after one year in fixed
orthodontic appliances. Supragingival

Gingival Flora

plaque levels did not rise significantly,
and even in the presence of gingivitis
there were only small increases in pocket
depth. Gingivitis was seen primarily on
the bonded incisors, rather than on the
banded molars, and it was particularly
marked on the labial surfaces.

It may be that the presence of the
orthodontic attachments on the labial
surfaces of these teeth might be responsi-
ble for the changes observed, perhaps due
to their interference with thorough
brushing of the gingival area (GWINETT
AND CEEN 1979).

The gingival changes could also be
attributed to the presence of rough-sur-
faced plastic bonding material acting as a
plaque-trap and gingival irritant (Saka-
MAKI AND BAHN 1968, SCHEIE ET AL. 1984,
MATTINGLY ET AL. 1983). Thorough removal
of excess bonding material adjacent to
the gingiva could be vital if this assump-
tion is proven correct.

Table 2
Gingival Index Scores
Time | Time 2 Change
mean+SD mean+SD T,-T, P
Ul 0.91+0.49 1.434+0.38 +0.52 <0.05
LI 0.86+0.53 1.53+0.51 +0.67 <0.05 -
ué 1.00+£0.38 1.42+0.43 +0.42 NS
L6 0.99+0.35 1.204£0.43 +0.21 NS
Mean 0.93+0.38 1.3640.32 +0.43 <0.05
Table 3
Pocket Depth Measurements (mm)
Time | Time 2 Change
meantSD mean+SD T,—-T, P
Ut 2.2940.45 2.621+0.55 +0.33 NS
Li 2.1310.35 2.34+0.22 +0.19 NS
ué 2.39+0.43 2.48+0.28 +0.09 NS
L6 2.55+0.36 2.704+0.31 +0.15 NS
Mean 2.34+0.35 2.53+0.34 +0.19 <0.01
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Table 4

Changes in Microbial Flora Spectrum

Ul L1 ué L6 Mean
Streptococci +20.9%** +15.2%** +16.6%** +17.2%*** +17.5%**
Actinomyces —17.2%* -4.6% —19.5% —-11.9% —-133%*
Fusobacteria +3.1% ~13.6% —-1.4% -2.8% -3.7%
Bacteroides —7.6%** +3.0% +0.1% -59%* —-2.7%
Spirochetes +0.9% 0.0% +4.6% +3.4% +2.2%

* p<0.05 ** p<0.01 *** p<0.00]

276 October, 1987

The Angle Orthodontist ©

$S9008 9811 BIA $|-G0-GZ0Z 18 /woo Alojoeignd-poid-swd-yewlsiem-jpd-swiid)/:sdny wol) papeojumoq



This hypothesis is supported by the
data showing the only significant increase
in pocket depths occurring adjacent to
the bonded brackets. While demonstrat-
ing a correlation between orthodontic
appliances and plaque level at both T!
and T2, no relationship could be found
between gingivitis and pocket depth
(ZACRISSON AND ZACRISSON 1972, MACKLER
AND CRAWFORD 1973, AND MATSSON 1978).

Other authors have shown an increase
in the number of streptococci in supra-
gingival plaque, similar to that found in
the subgingival plaque sampled in this
study, and they have suggested that an
increase in streptococcal flora can lead to
a higher incidence of caries (ARNEBERG ET
AL. 1984, CORBETT ET AL. 1981).

The lack of correlation between
changes in subgingival microbial flora
and gingival changes might suggest that
the subgingival organisms alone were not
directly responsible for the gingivitis.
The supragingival plaque, which was not
sampled in this study, has been shown to
hold increased streptococcal populations
after the placement of orthodontic appli-
ances, and this might have contributed to
the changes in gingival health (ScHEIE gT
AL. 1984, MATTINGLY ET AL. 1983).

This study found no significant
increase in the number of highly patho-
genic Gram-negative anaerobic orga-
nisms which have been strongly
implicated in gingivitis and periodontitis
in adults (PAGE AND SCHROEDER 1976,
MACDONALD ET AL. 1963, AND NISENGARD AND
Genco 1977). This may be due to the rela-
tively good oral hygiene, with little
increase in plaque accumulation, pre-
venting the formation of any significant
pockets.

It should also be noted that the inci-
dence of destructive inflammatory perio-
dontal disease is lower in children, where
gingivitis appears to be characterized by
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a rather heterogeneous group of orga-
nisms including Bacteroides and Clostri-
dium species rather than the Gram-
negative organisms seen in adult perio-
dontitis (SASAKI ET AL. 1977).

More definitive information on the
effects of orthodontic appliances on per-
iodontal health could be derived from
similar studies conducted over longer
periods, evaluating the recovery of the
tissues and subgingival microbial flora
after the removal of orthodontic appli-
ances. Changes in populations with poor
oral hygiene and in adults should alsp be
evaluated.

— Conclusions —

his study finds the following condi-

tions after one year in fixed ortho-
dontic appliances, with a relatively good
standard of oral hygiene —

® no significant increase in plaque levels
around the appliances

¢ mild gingivitis, particularly on the
labial surfaces of bonded incisors adja-
cent to the orthodontic attachments

® a small but significant increase in
pocket depths adjacent to brackets on
incisors

® an increase in the percentage of Strep-
tococci and a decrease in the percentage
of Actinomyces in the subgingival
plaque

® no increase in the percentage of poten-
tially pathogenic Gram-negative orga-
nisms frequently associated with
inflammatory periodontal disease.

® no correlation between changes in the
subgingival microbial flora and gingi-
val condition.

o)
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