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ABSTRACT

Background: With the introduction of skeletal anchorage system, recently it is possible to
successfully intrude molar teeth. On the other hand, there have been concerns about periodontal
changes associated with intrusion and there are few studies on this topic, especially for posterior
teeth.

Materials and Methods: Ten female patients were enrolled in this study. Maxillary molar intrusion
was achieved by inserting two miniscrews and a 17 x 25 titanium molybdenum alloy spring. Crestal
height changes were evaluated at three intervals including: Baseline (T0), end of active treatment
(T1) and 6 months after retention (T2). Other variables including probing depth, gingival recession,
attachment level and bleeding on probing were evaluated by clinical measurements in the three
above mentioned intervals. One-sample Kolmogrov-Smirnov test ascertained the normality of the
data. For all patients, the changes in tooth position and crestal height were evaluated using one-
sample t-test. (P < 0.05)

Results: Supra-erupted molars were successfully intruded a mean of 2.1 + 0.9 mm during active
treatment (TO-T1).A mean bone resorption of 0.9 + 0.9 mm in mesial crest and | + 0.8 mm in distal
crest had occurred in total treatment (T0-T2). A mean of 0.6 = 1.4 mm bone was deposited on
mesial crest during the retention period (T |-T2) following tooth relapse. On average,0.8 £ 0.4 mm
attachment gain was obtained. Gingival margin coronalized a mean of 0.8 £ 0.6 mm throughout the
entire treatment. Probing depth showed no significant change during treatment.

Conclusion: Within the limitations of this study, these results suggest that not only periodontal
status was not negatively affected by intrusion, but also there were signs of periodontal improvement
including attachment gain and shortening of clinical crown height.
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INTRODUCTION

Orthodontic  intrusion of supra-erupted molars
has been a challenging matter for a long time.
Conventional treatment to correct over extruded
molars include crown reduction, followed by full
coverage restorations!”) or posterior subapical
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osteotomy to impact the elongated segment.’! Extra-
oral traction as an orthodontic approach for tooth
intrusion depends heavily on patient cooperation.
Conventional fixed appliances are claiming to induce
posterior intrusion actually resulted in extrusion of
other teeth.

The possibility of posterior tooth intrusion is now
clearly shown in several studies introducing skeletal
anchorage wusing miniscrews and miniplates.'?
However, a complete evaluation of periodontal changes
following posterior teeth intrusion seems necessary.

Some studies suggest that an orthodontic treatment,
especially involving intrusive movement, does include
the risk to the periodontium.l'*!3! Melsen et al.,!'*!8]
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Murakami et al.l'! and da Silva et al.** have reported
that if gingival inflammation is kept to a minimum,
intrusion may lead to favorable results.

However, most of the studies existing in the literature
are related to post-intrusion periodontal status for
anterior teeth!'>'821"3] and many of them are animal
studies.['>161823] There have been few animal studies
regarding periodontal changes following the posterior
intrusion®-* and there are many unknown aspects
of the biology of intrusion. Lee and Shuman!®! used
a palatal technique in an animal study for molar
intrusion that has been conducted as a case report.
Xun et al! used a radiographic technique for
assessing molar intrusion on 56 human molars which
lacks the measurements of periodontal status during
intrusion.

The purpose of this study was to evaluate the clinical
and radiographic periodontal variables after molar
intrusion utilizing miniscrews with a standardized
approach for measurements of crestal changes.

MATERIALS AND METHODS

Subjects

The present experimental study was conducted on 10
female patients, all of whom had at least one supra-
erupted maxillary first molar with an edentolous space
opposite their over-extruded tooth. The samples’
average age was 43.6 (25-57). They neither had
previous orthodontic treatment nor active periodontal
disease at the beginning of the treatment. Since the
treatment only involved one tooth, it was considered
to be an adjunctive treatment. Informed -consent
was obtained from each patient before beginning
of treatment. The Ethical Committee approved this
proposal with the number of 1388234/12 in Mashhad
University of Medical Sciences, Mashhad, Iran.

Miniscrew insertion and force delivery

Two bracket type Absoanchor miniscrews (Dentos,
Daegu, Korea) with 1.3 mm diameter and 7 mm
length were used for each patient in this study. One
of them was inserted in mesiobuccal, and another in
mesiopalatal of maxillary first molar. After 2-week
interval of soft tissue healing, bands with welded
brackets were cemented on the teeth. Intrusion was
accomplished with a new approach using a 17 X
25 titanium molybdenum alloy spring fitted on a
miniscrew head in one end and ligated to the bracket
on the other end [Figure 1]. The amount of force was
adjustable depending on the displacement amount

Figure 1: 17 x 25 titanium molybdenum alloy spring fitted on
a miniscrew head in one end and ligated to the bracket on the
other end for molar intrusion.

of the spring and measured with a force gauge. The
spring was adjusted so a force of 50 g was exerted
at each side of the tooth with a total of 100 g on the
tooth. By engaging the wire inside the slot, tipping
of the tooth can be corrected if needed. Oral hygiene
instructions were given to patients. The patients were
revisited every 4 weeks for springs’ adjustment and
oral examination until required intrusion judged by
the prosthodontist was obtained.

Variable measurements

All the variables were measured at three time intervals
including baseline (T0), end of treatment (T1) and
6 months after retention (T2) and changes during
active treatment (T0-T1), the retention period (T1-T2)
and total treatment (T0-T2) were recorded. In order to
evaluate periodontal status, clinical and radiographical
variables were studied as follows.

Clinical variables

Clinical variables included the probing depth, gingival
recession (cementoenamel junction [CEJ] to gingival
margin distance), attachment level (probing depth plus
CEJ to gingival margin distance), and bleeding on
probing.”! A periodontal probe (Hu-Friedy, Chicago,
IL, USA) with Williams marking was used at six
aspects of tooth (mesiobuccal, buccal, distobuccal,
mesiopalatal, palatal and distopalatal) and the average
was recorded as probing depth, gingival recession and
attachment level (as ordinal data) for each interval.
Bleeding on probing was assessed according to
Ainamo Index, which is performed through gentle
probing of the orifice of the gingival crevice. If
bleeding occurs within 10 s a positive finding is
recorded, and the number of positive sites is recorded
and then expressed as a percentage of the number of
sites examined.

Gingival margin position was measured as a distance
in mms between CEJ and the most coronal part
of the margin at the six mentioned sites around the
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tooth. By subtracting the scores of gingival margin
position in three phases of treatment, the amount
of coronalization of gingiva was assessed. Clinical
crown height-which means the amount of tooth that
can be seen in mouth-was not measured directly,
but the general trend of the changes of this variable
toward decreasing or increasing was considered.
According to the fact that CEJ was visible in all
cases, by assessing distance from the gingival margin
to CEJ in each phase and subtracting it from the
same factor in the previous phase, the amount of
changes in clinical crown height in millimeters could
be assessed. Positive findings indicate increasing in
the distance between the gingival margin and CEJ
and thus increasing in clinical crown height, and the
reverse is correct for negative findings.

According to the fact that all the teeth were over-
extruded, attachment level was measured as the
distance between CEJ and gingival margin plus
probing depth in the six mentioned sites around the
tooth. By subtracting the three, attachment levels
pertained to the three intervals, the amount of
attachment gain or loss was obtained.

Radiographic evaluation

Parallel periapical radiographs with bite blocks were
used with an X-ray device (Planmeca, Helsinki, Finland)
for measuring the amount of intrusion and mesial and
distal crest heights in three intervals including baseline
(TO), treatment completion (T1) and 6 months after
retention (T2). Film-holder-tube position remained the
same in these three intervals by having patients bite on
poly-vinylsiloxane material (Dentsply, NY, USA).

In order to have a precise assessment of tooth
movement and crestal height changes, a computer
software named, Planmeca Dimaxis Classic was
applied, which measured the variables by pixel units
and then converted them to millimeters.

Two obvious and distinguishable landmarks in
adjacent teeth (like restoration edge or cusp tip) were
determined, and a line connecting them was used as
a reference line for further measurements. In order
to measure mesial and distal crest changes during
treatment, a perpendicular line was drawn from
this line to the most apical point in each crest near
the tooth. The program automatically calculated the
distances in pixel units [Figure 2]. Intrusion for each
root was calculated in the same manner.

To measure root resorption, a line passing the furcation
point of the tooth was drawn parallel to the reference
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Figure 2: Assessment of crestal changes by Planmeca
Dimaxis Classic program. A reference line connecting two
distinguishable landmarks in adjacent teeth (restoration edge
here) has been drawn. By comparing perpendicular distance
from the most apical point in each crest near the tooth to this
line in the three time intervals it is possible to measure crestal
resorption or apposition. The numbers in pixel denote these
distances which are transformed later to millimeter.

axis, and the perpendicular distance of each root apex
to this line was computed in pixel units in three time
intervals. By comparing perpendicular distances from
root apices to these lines in the three-time intervals,
it is possible to measure intrusion amount and apical
root resorption. The numbers in pixels denote these
distances, which are transformed later to millimeters.

Instructions were given to each patient related to
the oral hygiene and the cleaning of the miniscrews
area. Inflammation was checked at each visit by
examining the gingiva around miniscrews and bands
by a periodontal probe searching for any bleeding or
plaque accumulation. Instructions regarding cleansing
the area were given to each patient if considered
necessary according to the examination.

Statistical analysis

One-sample Kolmogrov-Smirnov test ascertained the
normality of the data. For all patients, the changes
in tooth position and crestal height were evaluated
by repeated measurement test. Positive changes
during three mentioned periods represented crestal
bone resorption, gingival recession, attachment loss
and increase in probing depth, and negative changes
indicated crestal bone apposition, root coverage,
attachment gain, and decrease in probing depth
(P <0.05).

RESULTS

The maxillary first molars were intruded in all
patients to a limit to provide required vertical space
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for prosthetic rehabilitation of opposite edentulous
arch [Figure 3].

Mean treatment duration was 7.7 months ranging
between 4.3 and 11.5 months. Changes in tooth position
and clinical periodontal variable changes during active
treatment (TO-T1), the retention period (T1-T2) and
total treatment (TO-T2) are shown in Table 1.

Figure 3: Radiograph and photographic pictures of a patient
with a supra-erupted maxillary first molar before orthodontic
treatment and after intrusion and prosthetic replacement.
Note the significant root coverage achieved throughout
treatment.

Mean intrusion value was 2.1 £ 0.9 mm (range
1.5-4.5 mm) during active treatment (P < 0.001).
A mean of 0.4 £ 0.2 mm relapse took place during
retention period (P < 0.001). The average amount
of intrusion between TO and T2 was 1.7 £ 0.6 mm
(P < 0.001). Root resorption in all the patients
was <1 mm (0.7 mm of 10 mm mean root length),
which was considered clinically insignificant.
No resorption was seen in the furcation region
following treatment.

Probing depth increased 0.2 + 0.6 mm on average
during active treatment (P = 0.27), decreased
0.2 £ 0.6 mm during retention period (P = 0.18)
and showed no change in total treatment (P = 0.9).
We found a mean of 0.8 + 1 mm coronalization
of the gingival margin during active treatment
(P = 0.02). Gingival margin position remained stable
during the retention period and displaced a mean
of 0.8 £ 0.6 mm coronally (P = 0.01). A mean of
0.4 = 0.5 mm attachment gain was obtained during
active treatment (P = 0.03). Another 0.4 £ 0.9 mm
attachment was gained during the retention period.
On the whole, 0.8 £ 0.9 mm gain of attachment level
was achieved (P < 0.001). Bleeding on probing did
not change significantly during treatment periods. The
mesial crest resorbed 1.5 = 1.3 mm on average during
active treatment (P = 0.008). A 0.6 = 1.4 mm mean
bone apposition occurred on mesial crest during the
retention period and 0.9 = 0.9 mm resorption remained
in total treatment (P = 0.013). The distal crest showed
a mean of 0.9 = 0.7 mm resorption during active
treatment (P = 0.003). No significant change occurred

Table 1: Mean = Standard Deviation (Min, Max) of intrusion amount and clinical periodontal variables’ changes

Variables Baseline  End of active 6 months after Changes during active Changes during Total change
(TO) treatment (T1) retention (T2) treatment (T0-T1) retention period (T1-T2) (T0-T2)
Intrusion (mm) — — — 2.1£0.9 -0.4+0.2 1.7+0.6
(1.5, 4,5) (0.1, -0.7) (1.1,2.9)
P<0.001* P<0.001* P<0.001*
Probing depth 2.5+0.5 2.7+0.5 2.5+0.6 0.2+0.6 -0.2+0.6 0+0.7
(mm) (2,3.7) (1.8,3.3) (1.8,3.4) (-0.7,1.3) (0.4, -1.3) (-0.7,1.4)
P=0.27 P=0.18 P=0.9
Gingival recession 1.3x1.1 0.5+0.7 0.5+0.5 -0.8+1 0+0.3 -0.8+0.6
(mm) (0.1, 3.4) ©,2) (0,1.9) (0, -2.6) (0.7, -1.5) (0.3,-1.3)
P=0.02* P=0.7 P=0.01*
Attachment level 3.9+1 3.5+1 3.1+1.1 -0.4+£0.5 -0.4+0.9 -0.8+0.4
(mm) (2.5, 5.5) (1.8, 4.9) (1.8, 4.9) (0.3, -1.2) (0.8, -2) (-0.2, -1.7)
P=0.03* P=0.2 P<0.001*
Bleeding on 0.4+0.2 0.4+0.1 0.4+0.1 0+0.1 0+0.2 0+0.2
probing (0,0.7) (0.2,0.7) (0.3,0.7) (-0.2, 0.3) (0.2, -0.3) (0.2, -0.3)
P=0.28 P=0.22 P=0.27

*Denotes statistically significant changes. Significance was determined at the P < .05 (One-sample t test). Positive changes denote gingival recession;
attachment loss and increase in probing depth and negative changes indicate root coverage, attachment gain and decrease in probing depth.
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during the retention period. On average 1 + 0.8 mm
distal crest resorption took place throughout the entire
treatment (P = 0.005) [Table 2].

DISCUSSION

Several authors have reported successful intrusion of
posterior teeth by using minicrews and miniplates,?*!?
that had not been achieved with conventional
orthodontic mechanics previously. Similar to other
mentioned researches,”®*! a desired amount of
intrusion with the purpose of prosthetic rehabilitation
of patients was achieved in the current study.

However, the use of a more precise measuring method
made it distinct from the previous ones. In fact, there
are few reports on the assessment of periodontal
changes following molar intrusion in the literature,
none of which is a human evaluation.****!

Unlike previous studies, crestal changes were
measured using standardized radiographs and
computer software which finally provided a non-
invasive and objective technique in order to study
those changes. Most of the studies regarding crestal
changes were conducted on animals and were
also qualitative.['¢1839321 The results of this study
indicated a crestal resorption with a mean of 1.5 +
1.3 mm in mesial crest and 0.9 +£ 0.7 mm in distal
crest during intrusion that were similar to the only
other quantitative study by Kanzaki et al.** on dogs.
Likewise, other qualitative studies have shown similar
results during intrusion.’*? One of the probable
factors may be the pressure of supra-alveolar fibers
during intrusion. On the contrary, Murakami et al.l'”]
stated that in case of a large amount of intrusion, the
transaction of fibers from cementum will take place,
and there won’t be enough pressure to resorb the
alveolar crest. Although the amount of intrusion in
the present study (1.5-4.5 mm) was close to theirs,

Table 2: Mean + SD (minimum, maximum)
of radiographic variables’ changes

Variables Changes during Changes during Total change
active treatment retention period (T0-T2)
(TO-T1) (T1-T2)
Mesial 1.5+1.3(0.1,3.8) -0.6+1.4 (2.1, -2.6) 0.9+0.9 (0, 2.2)
crest (mm) P=0.008* P=0.31 P=0.013*
Distal 0.9+0.7 (0.1,2.3) 0.1+0.9 (-0.8,2)  1+0.8 (0, 2.2)
crest (mm) P=0.003* P=0.67 P=0.005*

SD: Standard deviation. *Statistically significant changes. Significance
was determined at the P < 0.05 (one-sample t-test). Positive changes
denote crestal bone resorption and negative changes indicate crestal bone
apposition

(1.1-5.5 mm), the results are not similar probably due
to the differences in study type (human vs. animal),
tooth type and mechanics. Another interesting finding
was that during the retention period, the mean bone
formation of 0.6 + 1.4 mm occurred on mesial crest
simultaneous with the tooth extrusion. Other studies
have also shown that extrusion can induce bone
apposition on the alveolar crest.['®2% A possible reason
is the tension produced in alveolar crest fibers during
extrusion.

Just like the results of other studies, the present one
showed that probing depth increased during active
treatment, though insignificantly.l'”'**  Gingival
inflammation,**! apical migration of junctional
epitheliumP* and accumulation of gingival tissue!!”!
can cause the deepening of the sulcus during
orthodontic tooth movement according to several
studies.

Insignificant changes of bleeding on probing and
also significant gain of attachment level during active
treatment in this study showed that the increase
in probing depth may have been resulted from the
accumulation of gingival tissue. Murakami et al.l'”]
research confirmed this finding as well, although
accurate conclusion requires histological evaluation.
Furthermore, the present research indicated that the
mentioned increase in probing depth was temporary
and relapsed into pretreatment values during the
retention period. The probing depth change was
not dealt with in the previous study.'” A mean of
0.8 = 0.4 mm clinical attachment gain was obtained
during the treatment. The relatively high amount
of bleeding on probing (0.4) implied that lessening
gingival inflammation and thus bleeding on probing
through more precise oral hygiene control may lead
to a higher amount of clinical attachment gain. Other
animal studies reported a variety of findings ranging
from gaining of attachment!'“"® and no change in
attachment level!’” to attachment loss in poor oral
hygiene situation during intrusion.'" Although an
accurate determination of the nature of attachment
gain requires histological evaluation that cannot be
assessed in human studies for ethical reasons, related
animal studies showed that the attachment can be
achieved either by connective tissue formation!®!®! or
long junctional epithelium.!'! Even if a long junctional
epithelium has been formed during treatment, it won’t
be incompatible with long preservation of periodontal
health.?S) Theoretically, orthodontic molar intrusion
with or without periodontal surgeries may be used to
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treat furcation lesions as shown by Da Silva et al.*"
in dogs. One of the patients in this study with grade II
furcation involvement showed no change in probing
depth after intrusion. The rest of the patients didn’t
have any furcation lesions.

It is suggested to conduct further researches with
bigger sample size and more controlled method to
investigate the issue.

Since the amount of intrusion and changes in the
gingival margin was determined in this study, by
dividing these two factors the percentage of clinical
crown height changes (increase or decrease) relative
to intrusion amount could be obtained. It was shown
in this study that gingival margin had been migrated
toward apical direction with a magnitude of 57% of
intrusion amount. Mean reduction of clinical crown
length was 43% of intrusion amount as compared with
40% in Murakami et al.'"! study, 21% in Erkan et al.”*?
research and 50% in Re et al.* investigation. On the
contrary, Abdel-Kader® reported no significant crown
reduction in their study. Incomplete apical migration
of the gingival margin may cause a great concern in
anterior teeth region, because of the potential for
gummy smile aggravation. However, this is a valuable
outcome in posterior over-erupted teeth with naked
roots, because it may decrease the symptoms of the
root hypersensitivity in addition to improving esthetics.

Crestal changes in neighboring teeth were not
evaluated in this study. Therefore, the authors suggest
further studies regarding this matter. This study had
certain limitations regarding the small number of
patients and a wide range of patients’ age. Further
studies with greater sample size and better matching
of the cases also would be valuable.

CONCLUSION

A mean bone resorption of 0.9 £ 0.9 mm in mesial
crest and 1 £ 0.8 mm in distal crest had occurred
in total treatment (TO-T2). A mean of 0.6 + 1.4 mm
of bone was deposited on mesial crest during the
retention period (T1-T2) following tooth relapse.
On average 0.8 + 0.4 mm attachment gain was
obtained. Gingival margin coronalized a mean of
0.8 £ 0.6 mm throughout the entire treatment. Probing
depth showed no significant change during treatment.
This study indicated a clinical attachment gain and
shortening of clinical crown height during intrusion,
which may finally result in a new non-invasive mean
for periodontal improvement.
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