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Abstract

Objectives: Considering the changes in periodontal parameters after orthodontic treatment and lack of adequate evidence on the
return of these parameters to normal, the aim of this study was to evaluate the time needed for recovery of periodontal parameters
to normal after debonding.
Methods: In this prospective study, 24 patients (21 females and 3 males) with a mean age of 18.86 ± 4.64 years were included, who
were in the final stage of their orthodontic treatment and ready for debonding of orthodontic brackets. The most important in-
clusion criteria were: No history of periodontal problems, no extensive restorations and caries, no smoking, no systemic disorders
and no calculus. In each session, the patients were given oral health instructions and then probing depth (PD), plaque index (PI),
gingival index (GI) and bleeding on probing (BOP) of the first molars and central incisors of each quadrant were evaluated at the
time of debonding (T1), and one (T2), two (T3) and three (T4) months later; in patients who did not return to normal status (GI ≤
0.5, negative BOP, PD ≤ 3 mm) after 3 months, the measurements were repeated in subsequent months (up to 6 months). ANOVA
followed by pairwise Tukey comparisons were used for determining differences in PD, GI, BOP and PI between the time intervals.
Results: In general, all the parameters were decreased from T1 to T4. Furthermore, comparisons between different intervals using
post hoc Tukey test showed that decreases in PD of the buccal surface and proximal surface in comparison to debonding time were
significant during the first and second months, respectively (P < 0.05). Interpretation of statistical data showed a significant reduc-
tion in GI after two months. BOP became negative and significantly different after one month in half of the teeth and two months
in the other teeth. PI generally decreased from T1 to T4.
Conclusions: Based on the results of this study, periodontal parameters returned to normal one to two months after debonding.
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1. Background

Esthetics has long been considered as one of the main
issues and in almost all the treatments it is one of the main
criteria (1). Orthodontic treatment has a great impact on
esthetics of the face and smile and can lead to functional
occlusion and proportionate dentofacial complex (2).

It has been founded that fixed orthodontic treatment
can lead to accumulation and maturation of dental plaque
because of retentive surfaces of bands and brackets (3).
There may also be an association between orthodontics
and progression of gingivitis to periodontitis. For ex-
ample, orthodontic intrusion may change supragingival
plaque to subgingival plaque and convert gingivitis to pe-
riodontitis (4).

In addition, direct damage to gingiva because of resid-
ual bonding material, high levels of forces and changes
in subgingival microbial flora have been found in some
studies (5). Increased levels of Prevotella melaninogenica,
Prevotella intermedia and Actinomyces odontolyticus and de-
creased proportion of anaerobic microorganisms in the
gingival sulcus after band placement have been reported
(6, 7). These changes can be manifested by increased in-
flammation and probing depth and also increased gingival
sulcular fluid during orthodontic treatment (8); therefore,
the relationship between orthodontic processes and pe-
riodontal health during orthodontic treatment has been
considered as an important issue (9).

Although these changes occur in the periodontium
during orthodontic treatment, studies that show the per-
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manent effect of orthodontic treatment on periodontium
are lacking (10). In fact a few short-term retrospective stud-
ies have assessed the persistence of these changes (10, 11).

2. Objectives

Therefore in this prospective study, we assessed pe-
riodontal conditions of patients undergoing fixed or-
thodontic treatment, on the day of debonding and 1, 2 and
3 months after debonding and up to 6 months for subjects
in which these parameters did not return to normal after 3
months.

3. Methods

For this prospective study, samples were collected from
patients receiving treatment in Hamadan Dental Clinic,
who were in the final phase of comprehensive orthodon-
tic treatment and were ready for debonding. The inclusion
criteria for the participants were as follows: No history of
systemic diseases, no smoking, no extensive restorations,
plaque index < 20%, no history of periodontal diseases be-
fore orthodontic treatment, no history of antibiotic use
during and 2 months before the start of the study, no cal-
culus on experimental teeth, no pockets > 5 mm, fixed or-
thodontic appliances in both arches and oral hygiene in-
structions before orthodontic commencement.

Before participation in this study, the research plan
was completely explained to the patients, and they were
assured that the research protocol would have no delete-
rious effect on their treatment outcomes. Informed con-
sent was obtained, and the study protocol was approved
by the Ethics Committee of Hamadan University of Medi-
cal Sciences, Iran (IR.umsha.rec.1394.436).

After debonding and before final polishing, probing
depth (PD), plaque index (PI), gingival index (GI) and bleed-
ing on probing (BOP) were assessed on the first molars
and central incisors of both arches. At the same appoint-
ment, oral hygiene instructions were given to the patients.
The measurements were repeated 1, 2 and 3 months after
debonding and for the patients in which the periodontal
condition did not return to normal (GI≤0.5, negative BOP,
PD≤ 3 mm), after 3 months, measurements were repeated
in subsequent months (up to 6 months). All the measure-
ments were made by one investigator (Z.M.).

Williams periodontal probe (Derby Instruments by
ASA Dental, made in Italy, DD116-14) was used for assessing
probing depth which is the distance from the free gingiva
to the depth of the gingival sulcus (5). The probing depth
was measured at 4 points around the tooth (mesial, buccal,
distal and lingual).

Bleeding on probing (BOP) was measured 15 seconds af-
ter the insertion of probe into the gingival sulcus. For prob-
ing, a standardized pressure of 25 g was used to eliminate
operator bias. The following scores were assigned to each
tooth: 0: No bleeding; 1: Bleeding on probing (12).

Gingival index (GI) was also assessed for the teeth. GI
suggested by Loe (13) includes the following ranking:

0. Absence of inflammation
1. Mild inflammation: A slight change in color, little

change in texture, no bleeding on probing
2. Moderate inflammation: Moderate glazing, redness,

edema and hypertrophy, bleeding on probing
3. Severe inflammation: Marked redness, hypertrophy,

tendency for spontaneous bleeding, ulceration
GI score for each patient was determined by adding

scores of all the teeth and dividing it by number of all the
assessed teeth (5).

The O’Leary index was used to determine plaque index
(5). The patient was instructed to chew a disclosing agent
and after rinsing the mouth, all the tooth surfaces, except
for the occlusal surface, were assessed along the dentogin-
gival junction. The plaque index was calculated by dividing
the number of colored surfaces by the total surfaces and
multiplying by 100. All the measurements were recorded
in periodontal charts in every visit.

All the measurements were made by one investigator
and also all the patients received oral hygiene instructions
by one person after debonding.

3.1. Sample Size Calculation
Considering the measurements of the variables made

at 4 different time intervals, repeated-measures statisti-
cal techniques were used for the analysis of data. Due to
the unavailability of data on the main variable (the prob-
ing depth) at the intended time intervals from previous
studies and the unfeasibility of the use of a pilot study to
achieve a sample size based on repeated measures, it was
not possible to use an appropriate formula for the analy-
ses. In addition, since the baseline and final data were avail-
able from previous studies and since one of the main aims
of the study and also the most important aim was to de-
termine the difference in the main variable between the
baseline and the end of the study, sample size technique
for paired samples was used. Based on data available from
previous studies, the sample size was estimated at 24; how-
ever, it was possible to increase the sample size to 30 due
to the availability of samples by considering α = 0.02, β =
0.05, d = 2 andσ = 2.2, using the formula below, with d = the
mean difference between the two intervals and σ = stan-
dard deviation of differences for the two intervals:

(1)

(
Z1 −α

2
+ Z1−β

)2

d2
σ2
d +

Z2
1−α

2

2
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3.2. Statistical Analysis

ANOVA was used to determine differences between the
time intervals for PD, GI, BOP and PI. Post hoc Tukey tests
were used for pairwise comparisons between time inter-
vals (T0, T1, T2 and T3). Statistical significance was set at P
< 0.05.

4. Results

Twenty-four patients with a mean age of 18.86 ± 4.64
years and an age range of 13 - 30 years were selected. One
of the patients missed follow-up appointments and was ex-
cluded from the study. Finally, 23 patients (20 females and
3 males) were analyzed.

4.1. Probing Depth

In the right maxillary first molars probing depth de-
creased from T1 to T4. Post hoc Tukey test showed a signif-
icant decrease in comparison to the debonding appoint-
ment (T0) for distal and buccal surfaces from the first
month (T1) and for mesial surface from the second month
(T3). On the left side, probing depth also decreased from T1
to T4 and post hoc analysis showed a significant decrease
for the buccal surface from the first month and for distal
and mesial from the second month. Figure 1 shows com-
parison of probing depth in maxillary first molars at dif-
ferent time intervals.

In the maxillary right central incisors probing depth
decreased from T1 to T4. Post hoc Tukey test showed a sig-
nificant decrease in mesial probing depth from the first
month (T2) and for distal and buccal probing depth from
the second month (T3). On the left side, all the surfaces
exhibited significant decreases in probing depth from the
second month (T3). Figure 2 shows comparison of probing
depths in maxillary central incisors at different time inter-
vals.

For mandibular first molars there was a significant de-
crease from the first month (T2) on the distal and buccal
surfaces but from second month (T3) in the mesial aspect.
On the left side, the probing depth decreased significantly
in the second month (T3) for the distal surface and for the
buccal and mesial surfaces in the first month (T2). Figure 3
shows comparison of probing depths in mandibular first
molars at different time intervals.

In mandibular central incisors, probing depth de-
creased from T1 to T4. On the mesial and distal surfaces of
the right side a significant decrease occurred from the first
month (T2) and on the buccal surface a significant differ-
ence was seen from the second month (T3). On the left side,
post hoc analysis showed a significant difference in the
first month for the distal surface from the second month

(T3) in mesial and buccal surfaces. Figure 4 shows compar-
ison of probing depth in mandibular central incisors at dif-
ferent time intervals.

4.2. Gingival Index

Gingival index decreased from T1 to T4. Post hoc Tukey
test showed that for all the experimental teeth gingival
index decreased significantly (P < 0.05) from the second
month (T3).

4.3. Bleeding on Probing

Bleeding on probing (Figures 5 and 6) decreased from
T1 to T4. Post hoc Tukey test showed that BOP decreased sig-
nificantly in lower incisors, upper first molars and left up-
per incisors from the first month (T2) and in the lower first
molars and upper right incisors from the second month
(T3).

4.4. Plaque Index

According to the results, PI decreased from T1 to T4 (Fig-
ure 7).

5. Discussion

The effect of orthodontic treatment on periodontal
condition of patients has long been investigated. It is clear
that orthodontic treatment can induce changes in peri-
odontal conditions like microbial flora and probing depth,
inflammation and hypertrophy of gingiva (14). However,
there is still much doubt about permanent effects of or-
thodontic treatment on the periodontium in previous
studies. The results of the present study support the re-
covery of periodontal parameters 1 to 2 months after treat-
ment. Buccal probing depth returned to normal after 1
month and interproximal probing depth and gingival in-
dex recovered after 2 months. BOP of half of the teeth re-
solved during the first month and the other half after the
second month. PI, too, decreased after removal of the ap-
pliance; however, it still exhibited higher levels than nor-
mal after debonding. This might be explained by changes
in the gingival crevicular fluid that can be a reason for ac-
cumulation of plaque.

Van Gastel et al. investigated sub- and supra-gingival
microbiology, sulcular fluid, BOP and probing depth. In
their study T1 was the baseline, T2 at debonding and T3
was 3 months after treatment (15). Their results showed
that these periodontal parameters increased from T1 to T2
but decreased from T2 to T3, consistent with our results
but in this study, the follow-up period was up to 3 months
whereas our follow-up was up to 6 months if periodontal
parameters did not return to normal. Also in van Gastel et
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Figure 1. Comparison of probing depths in maxillary first molars at different time intervals

Maxilla-Central-Distal-1 
Maxilla-Central-Mesial-1
Maxilla-Central-Buccal-2
Maxilla-Central-Buccal-1
Maxilla-Central-Distal-2
Maxilla-Central-Mesial-2 

2.50

2.00

1.50

1.00

0.50

0.00
T1 T2 T3 T4

Figure 2. Comparison of probing depths in maxillary central incisors at different time intervals
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Figure 3. Comparison of probing depths in mandibular first molars at different time intervals

al.’s study no information has been given about the time of
full recovery.

In another study by Sallum et al. in 2004, plaque in-
dex, gingival index and probing depth were investigated
and microbial samples from teeth #26, #11 and #16 were

taken at baseline and also after appliance removal (16). In
this study, significant decreases in plaque index, gingival
index and probing depth were observed, consistent with
our results.

In 2014, Ghijselings et al. investigated long-term
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Figure 4. Comparison of probing depths in mandibular central incisors at different time intervals
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Figure 5. The upper teeth with positive BOP at different time intervals
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Figure 6. The lower teeth with positive BOP at different time intervals

changes in microbiology and clinical periodontal varia-
tions after orthodontic treatment. They assessed micro-
biology, probing depth, bleeding on probing and sulcu-
lar fluid flow at baseline (T1), after debonding (T2) and 2

years after treatment. They concluded that orthodontic
treatment increases bacterial load and gingival inflamma-
tion. A 2-years follow-up showed that gingiva returned to
pretreatment status. These results are consistent with the
present study although its third follow-up is much longer
(8).

Polson et al. investigated long-term periodontal condi-
tions after orthodontic treatment 10 years after orthodon-
tic treatment in 1988 (3). They concluded that orthodontic
treatment in adults has no effect on periodontal health in
future but this study was retrospective and the short-term
effects of orthodontic treatment were not shown. On the
other hand, oral health of patients after 10 years might be
different and other factors may play a role, too.

Bollen investigated the effects of orthodontic treat-
ment on periodontal health in a systematic review (10). Be-
cause of lack of evidence, they were unable to report any
decisive conclusions. The articles did not have favorable
follow-up periods, sampling and proper comparison be-
tween the groups.

Also Henderson (17) reported that banding might have
different effects on the periodontium compared to bond-
ing. It is possible that trauma to gingiva because of
debonding could be mistaken for gingival inflammation;
therefore, we suggest that future studies include a con-
trol group for comparison of periodontal parameters. In
addition, it is suggested that more teeth as samples and
more parameters like periodontal microbiology and sulcu-
lar fluid be checked. It is also better to match the samples
in terms of the retainer type that is used after debonding
because fixed retainers, for example, have been criticized
for their potential to compromise the periodontal status,
due to accumulation of plaque and calculus along the re-
tainer because oral hygiene maintenance is difficult with
them for patients (18).
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Figure 7. PI changes at different time intervals

5.1. Conclusions

1. Buccal probing depth returned to < 3 mm in the first
month and interproximal depth in the second month.

2. The mean gingival index was 0.5 after 2 months.
3. Bleeding on probing in half of the teeth was negative

after the first month and in other half in the second month.
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