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INTRODUCTION

ABSTRACT

Background: There is no conclusive evidence on the effect of orthodontic force application on
dental pulp tissue.The aim of this study was to compare early and delayed histological effects of
intrusive forces on dental pulp of adolescents and adults.

Materials and Methods: Patients referred to the Department of Orthodontics of
Mashhad University of Medical Sciences participated in this study. They were assigned to
adult (25-32-year-old) and adolescent (| 3—18-year-old) Groups.A cantilever spring made of 16 x 22
steel wire was used to apply intrusive force to upper first premolars (1 | teeth in adolescents and
I | teeth in adults) and the opposing teeth were considered as control group. In each group, 6 pairs
of teeth were extracted after one week, and the remaining 5 pairs were extracted after one month
of intrusion. Histologic changes were compared between the control and intrusive groups and also
between the adults and adolescents after 7 days and | month. Statistical analysis was performed
using Statistical Package for the Social Sciences and Wilcoxon and Mann—Whitney U-tests. P < 0.05
was set as statistically significant.

Results: Significant difference was not found in any histological parameters between intrusive
and control groups | week and | month after intrusion in adolescents and adults (P > 0.05). One
month after intrusion, inflammatory cell response intensity (P = 0.032) and frequency of chronic
inflammation (P = 0.032) were significantly higher in adults compared to adolescents.
Conclusion: Mild intrusive force in closed apex teeth causes no significant histologic changes in
adolescents and adults. However, it seems that inflammatory-related histologic pulpal changes are
more severe in adults after one month of intrusion.
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tissue, and therefore, the issue has been studied for
many years in human. Proffit et al.l'! reported that

The relation between orthodontic force application
and dental pulp tissue has been the subject of studies
in the recent years.!'*) However, there is no conclusive
evidence on the effect of orthodontic forces on pulpal
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light continuous forces have little or no effect on
dental pulp. On the other hand, the reaction of dental
pulp to orthodontic forces has been reported to vary
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from mild hyperemia to complete necrosis in the
literature.>*) Type of the force application, duration
and dimension of the force, age of the patients, and
size of the apical foramen are among the contributory
factors.”!. More pulpal changes have been observed
in response to intrusive orthodontic forces.>%!2
Furthermore, higher incidence of irreversible pulpal
reactions is usually expected in teeth with complete
root formation.

The aim of the present study was to evaluate
histologic changes of dental pulp of human premolars
in response to intrusive forces and to compare pulpal
changes in patients of two different age ranges (adults
vs. adolescents). Furthermore, early (after 7 days)
and delayed (after 30 days) response of the pulp is
assessed.

MATERIALS AND METHODS

This study was approved by the Regional Ethics
Committee on Research of Mashhad University
University of Medical Sciences. Patients referred
to Orthodontic Department of Mashhad University
Dental School participated in this study. All patients
required maxillary first premolar extraction for
orthodontic purposes. A written informed consent
form was signed by all participants before start of
the study. Patients with a history of systemic disease,
probing depth of more than 3 mm in upper premolars,
marginal bone resorption, and anti-inflammatory drug
application during the last month was excluded from
the study. Furthermore, premolars with incomplete
apical root formation, caries, restorations, and
endodontic treatment were left out. The patients were
classified into two groups according to their age:
Adolescent of 13—18-year-old (n = 11) and adults of
25-32-year-old (n = 11).

For each subject, one randomly selected maxillary
premolar was loaded with intrusive force. The
contralateral premolar was not subjected to
mechanical loading and served as control tooth.
Orthodontic bands with triple buccal tubes were
cemented onto the maxillary first molars. To avoid
tipping and extrusion of molars, first molars were
connected with a Imm stainless steel palatal bar into
a rigid unit. Orthodontic brackets (0.018 x 0.022
standard edgewise; Dentaurum, Germany) were
bonded in the center of the buccal surface of the first
and second upper premolar of the test side. A stainless
steel wire (0.016 x 0.22, Dentaurum, Germany) was

inserted into the molar tube and second premolar
bracket to improve the anchorage. A cantilever
spring (0.16 x 0.22 stainless steel, Dent aurum,
Germany) was fabricated for each patient to generate
intrusive force. The spring was positioned 3 mm
above the slot of the bracket of the first premolar in
the passive state and was ligated to the bracket of the
test tooth, with the use of wire ligature [Figure 1].

The magnitude of the intrusive force for every
experimental tooth was approximately 15 g. In both
groups of adults and adolescents, 6 pairs of teeth were
extracted after 7 days, whereas the other 5 pairs were
extracted after 30 days. All the teeth were extracted
by an expert dentist with minimum trauma.

After extraction, the tip of each root was cut with
a bur to facilitate fixation. The teeth were fixed in
10% formalin for one week and were then immersed
in decalcifying solution including 5 ml pure nitric
acid, 5 ml pure formalin, and 90 ml 95% alcohol
for 7-10 days immediately after removal. Then,
the specimens were decalcified and embedded in
paraffin. Serial sections (4—Sum thick) were cut
longitudinally and stained with hematoxylin and eosin
dye. The specimens were examined by an expert
pathologist under a light microscope (Leica, Exwave

HAD, Model Number: SSC-DC58AP). The studied

histological changes were as follows:!"

* Degree of inflammation was determined by
counting inflammatory cells by high magnification
field (x400). Each high magnification field
corresponds to 0.1 mm? None = 0-1 cell per field,
mild = 2-5 cells per field, moderate = 6-15 cells

Figure 1: Intraoral view of the cantilever spring for application
of intrusive force to upper first premolar. (a) Passive, (b) active
position, (c) transpalatal arch cemented to avoid extrusion and
tipping of the first molar.
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per field, severe = more than 15 cells per field” significant difference between adolescents and adults
* Type of inflammation: Acute-chronic-none after 1 month regarding degree of inflammation
» Fibrous tissue formation (mild to severe) (P =0.032), and type of inflammation (P = 0.032) in
» Necrosis (none, partial, complete) the test teeth.

» Disruption of odontoblastic layer

* Odontoblastic aspiration into dentinal tubules
* Vascular dilation

* Resorption of cementum or dentin.

There was not an acute inflammation in the studied
groups during the study. In addition, no chronic
inflammation was observed in adolescents after
1 month. However, 2 teeth (33.3%) in the test
Statistical analysis was performed using Statistical  group and also 1 tooth (16.6%) in the control group
Package for the Social Sciences (version 16.0,
SPSS Inc, Chicago, ILL, USA). Kruskal-Wallis and
Mann-Whitney U-tests were used for comparison.
P < 0.05 was set as statistically significant.

RESULTS

Frequency distribution of the histologic parameters
in the studied groups is shown in Tables 1-3 and
Figures 1, 2. There was not a significant difference
between the test and control teeth during the 7 days
and 1 month test period in adolescents and adults.
Furthermore, there was not a significant difference
between the test teeth after 7 days compared to  Figyre 2: (a) Fibrous tissue formation in the dental pulp.
1 month in the adolescents and adults. However, (b) Disruption of odontoblastic layer. (c) Aspiration of
Man—Whitney U-test revealed that there was a  odontoblasts into dentinal tubules.

Table 1: Frequency distribution according to degree of inflammation, fibrous tissue formation, vascular
dilation, and odontoblastic layer disruption in the studied groups in adolescents

None n (%) Mild » (%) Moderate n (%) Severe n (%) P

Degree of inflammation 7 days
Test 4 (66.6) 2(33.3) 0 0 0.56
Control 5(83.3) 1(16.6) 0 0

Degree of inflammation 1 month
Test 5(100) 0 0 0 >0.999
Control 5 (100) 0 0 0

Fibrous tissue formation 7 days
Test 6 (100) 0 0 0 >0.999
Control 6 (100) 0 0 0

Fibrous tissue formation 1 month
Test 2 (40) 3 (60) 0 0 0.08
Control 5 (100) 0 0 0

Vascular dilation 7 days
Test 4 (66.6) 0 2(33.3) 0 0.15
Control 4 (66.6) 0 2(33.3) 0

Vascular dilation 1 month
Test 3 (60) 2 (40) 0 0 0.15
Control 3 (60) 2 (40) 0 0

Odontoblastic layer disruption 7 days
Test 5(83.6) 0 1(16.3) 0 0.31
Control 6 (100) 0 0 0

Odontoblastic layer disruption 1 month
Test 5(100) 0 0 0 >0.999
Control 5(100) 0 0 0
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Table 2: Frequency distribution according to degree of inflammation, fibrous tissue formation, vascular
dilation, and odontoblastic layer disruption in the studied groups in adult patients

None n (%) Mild 7 (%) Moderate n (%) Severe n (%) P

Degree of inflammation 7 days
Test 2(33.3) 2(33.3) 1(16.6) 1(16.6) 0.18
Control 4 (66.6) 1 (66.6) 1(16.6) 0

Degree of inflammation 1 month
Test 1 (20.0) 2 (40.0) 1(20.0) 1(20.0) 0.18
Control 3 (60.0) 2 (40.0) 0 0

Fibrous tissue formation 7 days
Test 3 (50.0) 2(33.3) 1(16.6) 0 0.317
Control 3 (50.0) 1(16.6) 2(33.3) 0

Fibrous tissue formation 1 month
Test 0 3(60.0) 1(20.0) 1(20.0) 0.157
Control 0 4 (80.0) 1(20.0) 0

Vascular dilation 7 days
Test 4 (66.6) 1(16.6) 1(16.6) 0 0.18
Control 6 (100) 0 0 0

Vascular dilation 1 month
Test 1 (20.0) 1 (20.0) 1 (20.0) 2 (40.0) 0.102
Control 2 (40.0) 2 (40.0) 1(20.0) 0

Odontoblastic layer disruption 7 days
Test 6 (100) 0 0 0 1.00
Control 6 (100) 0 0 0

Odontoblastic layer disruption 1 month
Test 2 (40.0) 2 (40.0) 1(20.0) 0 0.31
Control 3(60.0) 1 (20.0) 1(20.0) 0

Table 3: Frequency distribution of aspiration of
odontoblasts into dentinal tubules, as well as
resorption of dentin or cement in adolescents and
adult patients

2 teeth (40%) showed signs of chronic inflammation
in the intrusive and control group, respectively.

DISCUSSION

Adolescents 7 (%)  Adults n (%)

Positive Negative Positive Negative

Some studies have reported significant pulpal
reactions to orthodontic tooth movement, yet there
is not conclusive evidence on the relation between

Aspiration of odontoblasts
into dentinal tubules 7 days

Test 0  6(100) 0  6(100) . N
Control 0 6 (100) 0 6(100) orthodontic forces and pulpal alterations.

Aspiration of odontoblasts Some studies have demonstrated that most of the
into dentinal tubules 1 month Ipal changes are associated with intrusive forces
Test 0  6(100) 2(40.0) 3(600) PUP g ed w v

Control 0  6(100) 2(40.0) 3(600)  compared to other orthodontic movements.t>'>!

Resorption of cementum or

dentin 7 days In the present study, pulpal reactions to orthodontic

forces were investigated 7 days and 1 month after force

Test 1(16.6) 5(83.3) O 6 (100)

Control 1(16.6) 5(83.3) 0 6 (100) application to study both the immediate and the late
Resorption of cementum or pulpal responses. Some pulpal reactions to intrusive
deT':'ST month 0 5(100) 4(80.0) 1(20.0) forces have been reported to occur as early as 3 days

Control 0 5(100) 4(80.0) 1(20.0) after force application in Ramzanzadeh’s study.["

In present study, mild inflammation was observed in

showed chronic inflammation after 7 days in the
adolescents. In the adult group, chronic inflammation
was observed in 4 teeth (66.6%) in the intrusive
group and 2 teeth (40%) in the control group after
7 days. Similarly, after 1 month, 4 teeth (80%) and

adolescents only after 1 month of force application. In
contrast, cases with moderate and severe inflammation
were found among the adult patients after 7 days.
Lazzaretti et al™ reported no inflammatory cell
reactions 3 weeks after intrusion. The study group
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included 12—19-year-old adolescents. This result is in
line with our findings. On the other hand, we found
a significant difference in the amount of chronic
inflammation between the adolescents and adults.
This emphasizes the importance of applying lighter
forces with suitable intervals in the adult patients.

Some studies have demonstrated that hemodynamic
changes are the first observable signs after
orthodontic movements.l'>'®) However, there is a
large controversy in this issue. Some studies have
reported a considerable decrease of pulpal blood
flow!'7-"1" after intrusion, whereas Kvinnsland et al.
have demonstrated an increase or no change.® In the
present study, we did not find a significant difference
in vascular dilation between adolescents and adults
after 7 days and 1 month of intrusion. In addition,
no significant difference was observed between the
control and intrusive groups. This can be due to
the light force application in our study. These results
are in line with the Ramazanzadeh et al.’s!" study.

We found no fibrous tissue formation after 7 days and
1 month of intrusion in adolescents. However, there
were some cases with mild (33.2%) and moderate
(16.6%) fibrous tissue after 1 week. Furthermore, we
observed one case with severe formation of fibrous
tissue. Nevertheless, the difference between the
adolescents and adults and also between the control
and intrusive groups was not significant. Distribution
of collagen fiber changes according to the age, fibers
gradually change into fibrotic bundles. These changes
usually occur in response to external stimuli such as
caries or enamel attrition.””! Since the studied teeth in the
present study was completely intact, it seems that the
observed difference between the adolescents and adults
is related to the age of patients, albeit not statistically
significant. Similarly, Ramazanzadeh et al!'"¥ reported
no significant difference between their intrusive and
control group regarding fibrous tissue formation.

Aspiration of odontoblasts into dentinal tubules has
been demonstrated as pulpal reactions to external
stimuli in several studies.'*'%*!l  Ramazanzadeh
et al." found odontoblasts aspiration in 1 case (10%)
after 3 days and also 3 weeks of intrusion. They
associated their finding to the probable trauma of the
forceps during tooth extraction. We also found 2 cases
of odontoblasts aspiration only in the adult group.
Probable trauma to the teeth during extraction or
before the study in the adult group can be mentioned
as possible causes of this finding.

In the current study, we did not find a significant
difference in disruption of odontoblastic layer between
the studied groups. This can be the result of applying
light force in our study. In contrast, Ramazanzadeh
et al reported more cases with odontoblastic
layer disruption in the intrusive group compared to
controls. Mostafa et al.*'"! reported that disruption of
odontoblastic layer is associated with pulpal blood
flow changes.

Similar to the results of Ramazanzadeh’s study,'¥ we
did not find a significant difference in resorption of
dentin or cement between the studied groups.

It seems that some reactions of pulpal tissue including
disruption of odontoblasts, aspiration of odontoblasts
into dentinal tubules, and resorption of dentin or
cement occur with a considerable delay in adults
compared to the adolescent group. According to
Graber et al.”” lag phase before tooth movement
takes usually longer time in adults compared to
younger patients. The delayed reactions of pulp in
the adult group in comparison to adults might be
associated with longer lag phase in these patients.

The 1-month period used in this experiment
corresponds to the usual interval between consultations
of orthodontic treatment and is sufficient for a tooth
to move and complete its cycle of bone formation
and resorption provided that the orthodontic forces
are optimal. On the other hand, immediate response
to orthodontic forced has been shown to occur as
early as 3 days.’! Furthermore, some studies have
found some pulpal changes 7 days after orthodontic
force application.**) Thus, we decided to investigate
immediate pulpal reactions to force application after
7 days.

The results of the present study should be interpreted
with caution due to the limited number of cases in
each group. Further studies with larger sample size
are required.

CONCLUSION

Mild orthodontic intrusive force application in closed
apex teeth causes no significant histological changes
in adolescents and adults. However, it seems that
inflammatory-related histological pulpal changes are
more severe in adults after one month of intrusion. This
emphasizes the importance of applying mild orthodontic
forces with adequate rest intervals in older individuals.
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