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ABSTRACT

Objectives: To evaluate the effects of orthodontic force on histomorphology and tissue factor

expression in the dental pulp.

Materials and Methods: Two reviewers comprehensively and systematically searched the
literature in the following databases: Latin American and Caribbean Health Sciences, Embase,
Cochrane, PubMed, Scopus, Web of Science, and Grey literature (Google Scholar, OpenGrey, and
ProQuest) up to September 2020. According to the Population, Intervention, Comparison,
Outcomes, Studies criteria, randomized clinical trials (RCTs) and observational studies that
evaluated the effects of orthodontic force on dental pulp were included. Case series/reports,
laboratory-based or animal studies, reviews, and studies that did not investigate the association
between orthodontic force and pulpal changes were excluded. Newcastle-Ottawa Scale and
Cochrane risk-of-bias tool were used to assess the risk of bias. The overall certainty level was
evaluated with the Grading of Recommendations Assessment, Development and Evaluation tool.
Results: 26 observational studies and five RCTs were included. A detailed qualitative analysis of
articles showed a wide range of samples and applied methodologies concerning impact of
orthodontic force on the dental pulp. The application of orthodontic force seems to promote several
pulpal histomorphological changes, including tissue architecture, cell pattern, angiogenesis, hard
tissue deposition, inflammation, and alteration of the expression levels of 14 tissue factors.

Conclusions: Although the included articles suggest that orthodontic forces may promote
histomorphological changes in the dental pulp, due to the very low-level of evidence obtained, there
could be no well-supported conclusion that these effects are actually due to orthodontic movement.
Further studies with larger samples and improved methods are needed to support more robust
conclusions. (Angle Orthod. 2021;91:830-842.)
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INTRODUCTION

Orthodontic movement results from applying a force
vector to a tooth for some time."? The establishment of
pressure and tension zones along the periodontal
ligament is one of the theories that explain orthodontic
movement."? On the pressure side, the periodontal
ligament undergoes disorganization and decreased
production of fibers, in addition to a decrease in blood
flow and cell replication.?® Simultaneously, on the
tension side, the stimuli produced by stretching of the
fiber bundles increase the cell replication rate and,
consequently, enhance periodontal fiber production.?*

The orthodontic force triggers a sequence of
biological responses, which is a consequence of
interferences in the physiological balance of the dental
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complex."? Tooth-supporting structures and dental
pulp may undergo extensive microscopic changes
when exposed to different degrees of mechanical
loading.?® There is still controversy regarding the
optimal force level during orthodontic movement.
However, it is commonly accepted that the application
of inadequate or excessive forces results in unneces-
sary tissue damage.*® Several factors can influence
pulpal changes while orthodontic treatment occurs,
such as the type or direction of movement, distribution,
intensity, and force duration.?>®

Several previous studies have reported changes in
the dental pulp tissue after orthodontic force. Adequate
knowledge related to pulp integrity preservation during
orthodontic treatment is key for clinicians when
applying orthodontic mechanics. Thus, this systematic
review aimed to answer the following question: In
permanent teeth, does orthodontic force promote
changes in the histomorphology or the expression of
tissue factors in dental pulp?

MATERIALS AND METHODS

Protocol and Registration

Reporting followed the Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses (PRISMA).” A
protocol was developed based on the PRISMA
Protocols® and registered (CRD42020180542) at the
International Prospective Register of Systematic Re-
views (PROSPERO).

Eligibility Criteria

The question of this systematic review was formu-
lated using the acronym PICOS:

Population: vital permanent teeth with complete root
formation;

Intervention: any type of orthodontic force;

Comparison: none, or studies comparing different
orthodontic forces;

Outcomes: changes in the histomorphology or ex-
pression of tissue factors in the dental pulp after
orthodontic movement;

Studies: randomized clinical trials (RCTs), cohort,
case-control, or non-randomized clinical trials.

Exclusion Criteria

The following exclusion criteria were applied: case
series/reports, laboratory-based or animal studies,
reviews, and studies that did not investigate the
association between orthodontic force and pulpal
changes.
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Information Sources and Search Strategy

Individual search strategies were developed for the
following databases (until September 23, 2020): Latin
American and Caribbean Health Sciences, Embase,
Cochrane Library, PubMed, Scopus, Web of Science,
and Grey literature (Google Scholar, OpenGrey, and
ProQuest theses and dissertations). Additionally, two
reviewers examined the selected studies’ reference
lists to identify potentially relevant articles.

Study Selection

Study selection was performed in two phases. First,
two reviewers blindly assessed the titles and abstracts
of identified records. Then, the same reviewers
separately applied eligibility criteria to the full-text
studies. Information was cross-checked in a consen-
sus meeting in which disagreements were solved
between them. If there was no consensus, a third
reviewer was consulted to make a final decision.

Data Collection Process and Data Items

Two reviewers collected key data from the selected
studies, and any disagreements were solved between
them. Data collection consisted of study characteristics
(authors, year, country, and study design), sample
characteristics (experimental and control groups: sam-
ple size, gender, and age of participants; teeth on
which the force was applied), methodology details
(type, value, and duration of the force; follow-up period;
and evaluation method), outcome assessment, and
main results.

Summary Measures

Main outcomes were histomorphological changes
(tissue architecture, cell pattern, angiogenesis, depo-
sition of hard tissues, and inflammation) or tissue factor
levels expressed by dental pulp after orthodontic
movement. Data were collected as reported by primary
studies, including absolute or relative frequencies,
summary measures (eg, mean and median), and
statistical analyses.

Risk of Bias in Individual Studies

The risk of bias (RoB) evaluation was carried out
independently by three reviewers and the information
was cross-checked in a consensus meeting. For
observational studies, the Newcastle-Ottawa Scale
(NOS) was used.? NOS assigns a maximum of four
points for selection, two points for comparability, and
three points for exposure/outcome. Studies that
reached up to four points were classified as high
RoB, from five to six as moderate RoB, and more than
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seven as low RoB. For RCTs, the Cochrane risk-of-
bias tool 2.0 was used.' The domains evaluated were
as follows: bias arising from the randomization
process, bias due to deviations from intended inter-
ventions, bias due to missing outcome data, bias in the
measurement of the outcome, bias in the selection of
the reported result, and overall bias. Each domain was
rated as low RoB, high RoB, or some concerns.
Studies judged to be low RoB for all domains were
classified as low RoB, studies judged to have some
concerns in at least one domain were classified as
some concerns, and studies judged to be at high RoB
in at least one domain or was judged to have some
concerns for multiple domains were classified as high
RoB.

Quality of Evidence Assessment

The certainty of evidence was assessed by the
Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) using the following
parameters: RoB, inconsistency, indirectness, and
imprecision. RoB referred to judgments about the
quality of individual studies. Inconsistency was as-
sessed based on the presence of heterogeneity
between the studies and on the quality of the studies
to produce consistent results. Indirectness was as-
sessed for differences in population, intervention, and
outcome measures. Imprecision was assessed based
on the presentation and broad extent of the confidence
interval and whether the sample size and characteris-
tics were sufficient to be matched to the target
population. The overall quality of evidence was rated
very low, low, moderate, and high using the GRADE
tool software (McMaster University, Hamilton, Cana-
da).

RESULTS

Study Selection and Characteristics

The initial search resulted in 3584 references, from
which 97 studies were included for full-text assess-
ment. Then, 66 studies were excluded, resulting in 31
included studies (Figure 1). Of these, 26 were
observational studies, and five were RCTs.

Eighteen studies evaluated the occurrence of
histomorphological changes in the pulp after different
forces: intrusion;*"'"'* extrusion;'*'*'® tipping move-
ment;'® conventional orthodontic movement;®2°2® or
rapid maxillary expansion (RME).>**° Fourteen studies
evaluated the expression of tissue factors after
orthodontic force application, including methionine-
enkephalin (ME),>*° calcitonin gene-related peptide
(CGRP),?*° substance P (SP),?”*® matrix metallopro-
teinase (MMP) 2 and 9,%°' beta-Endorphin,® c-Fos,®
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Figure 1. PRISMA flow diagram.

caspases 3 and 9,% proliferating cell nuclear antigen
(PCNA),* heat shock protein-60 (HSP60),° macro-
phageal nitric oxide synthase (iNOS),*"*? neural nitric
oxide synthase (nNOS),* aspartate aminotransferase
(AST),**" and alkaline phosphatase (AP).**

Risk of Bias Within Studies and Quality of Evidence

Among the observational studies, six were classified
as low RoB,®'12:21.29.3%3 ningteen as moderate
ROB,4,15,17—20,22—25,28,30—32,34—38 and one as hlgh ROBZG A”
RCTs® 3141627 were classified as some concerns
(Figure 2).

GRADE analysis of the quality of the evidence was
classified as very low for all outcomes (Table 1). Very
low-quality evidence indicates that the real effect
probably differed from the estimated effect.*® There-
fore, there was very little confidence that the articles’
effect was due to the application of orthodontic force.
The high number of observational studies classified as
moderate RoB and the fact that all RCTs were
classified as some concerns, contributed to the RoB
parameter being classified as serious or very serious.
Inconsistency was classified as very serious for all
outcomes due to the methodological heterogeneity
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Table 1.  Analysis of the Quality of Evidence: GRADE* Assessment
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Quality Assessment

Qutcome Studies (n) Risk of Bias Inconsistency  Indirectness  Imprecision GRADE Quality
Histomorphological changes 3 randomized trials serious® very serious® not serious not serious  ©OOO Very low
15 observational studies  very serious®  very serious® not serious serious® ®0OO0O0 Very low

Tissue factor expression 2 randomized trials serious® very serious® not serious not serious OO0 Very low
12 observational studies  serious® very serious® not serious serious® ®OO0O0 Very low

2 All studies were classified as some concerns. ® the methodological heterogeneity between the included studies was considerably high; © 10
studies were classified as moderate and one as high risk of bias; ¢ absence or extended confidence interval; ¢ 10 studies were classified as

moderate risk of bias.
* GRADE Working Group grades of evidence.

existing among the included studies. Imprecision was
classified as serious in observational studies due to the
absence of presentation or the broad confidence
interval for some results.

Results of Individual Studies and Data Synthesis

Table 2 shows detailed information on the results of
the included studies. Histomorphological changes
were observed in the dental pulp of teeth moved
orthodontically, such as odontoblastic aspiration,
vacuolization, and odontoblastic layer disruption,362°
disruption of the cell-free zone and predentin layer,'*®
adipose degeneration,' fibrous tissue forma-
tion,'213162¢ cementum and dentin resorption,**" 41526
pulp stone formation,'®'*'%2¢ morphological changes of
myelinated axons,® respiration rate depression,* and
necrosis areas.” Among the vascular alterations,
blood vessel congestion and dilatation,''*619%5 vgs-
cular degeneration,* hemorrhagic foci,'®** growth and
increase in the area of microvessels,®'>'92"24 reduction
in the number of microvessels,? and infiltration of
chronic inflammatory cells'"* were observed. Changes
in the levels of 14 tissue factors expressed by the
dental pulp were observed after orthodontic force:
increased levels of AST,**® CGRP,*® SP,* c-Fos,°®
MMP-9,° HSP60,%° caspases-3 and -9,°° PCNA,?°
ME,® nNOS and iNOS®*, and decreased levels of
MMP-2 and -9,*" ME,?**° and AP.*®

DISCUSSION

It is widely accepted that orthodontic force often
results in undesirable effects on the dentoalveolar
complex; the dental pulp is one of the affected tissues.
This systematic review included 31 articles describing
dental pulp changes after orthodontic mechanothera-
py. Maintaining pulp vitality increases the mechanical
resistance of the teeth and long-term survival.*®
Therefore, the clinician must be aware of the histo-
morphological aspects that the pulp may undergo due
to orthodontic therapy to use adequate force and
minimize damage to the tissue.

The phenomenon of movement of odontoblasts or
their nuclei, known as “odontoblast aspiration”, was
observed after intrusion."" Several procedures can
induce this alteration, characterized as a defense
mechanism of the dentin-pulp complex against an
applied external force.*' Disruption of the odontoblastic
layer,'®'%%° cell-free zone, and predentin layer'*'s were
also observed. These changes were commonly ob-
served in studies that assessed dental material
biocompatibility, in which the rupture of these tissue
zones’ integrity characterized an adverse event to their
use.*>** Based on this information, these changes in
the pulp architecture could be explained as a non-
physiological reaction of the tissue to orthodontic force.

Atrophic changes in tissues, such as fibrosis, are
usually asymptomatic** and were observed in the pulp
of teeth subjected to RME,* intrusion,'® and extru-
sion.'®'® Fibrosis is usually the result of a chronic
condition resulting from a low-intensity stimulus that
persists for a prolonged time, as seen in teeth affected
by occlusal trauma or functioning as an abutment.***°
Such results are controversial since pulp fibrosis was
observed after orthodontic force for a short period (one
week). Like other connective tissues, the pulp creates
an inflammatory reaction as a defense mechanism
when an external agent acts in a harmful way.***” The
severity of inflammation is decisive in maintaining pulp
vitality.*® In teeth subjected to orthodontic force,
vascular events were mild and did not promote pulp
degeneration. Congestion and dilation of blood ves-
sels,'®1*161925 small hemorrhagic foci,'®*® and infiltra-
tion of chronic inflammatory cells'** were observed,
however, not affecting pulp integrity.

Angiogenesis refers to the formation of new blood
vessels from pre-existing capillaries, which is of great
importance in pulp regeneration.*® It is responsible for
most blood vessels formed in the pulp under patho-
logical conditions.* Angiogenesis is initiated by a drop
in the oxygen rate and decreased supply of nutrients
for tissues.” A drop in blood flow may occur due to
orthodontic movement, especially in the first hours of
force application.?*® Angiogenesis was observed by an
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Table 2. Characteristics of the Included Studies

Authors (Year), Country

Test Group (n) Patients,

Teeth Age Range
(Age Mean = SD)

Control Group

Evaluated Teeth

Force Type,
Value (g),
Duration

Outcome: Histomorphological Changes

Abtahi et al. (2016), Iran

Bunner and Johnsen
(1982), USA

Derringer et al. (1996),
England

Derringer and Linden
(1998), England

Derringer and Linden

(2003), England

Hall (2013), Australia

Hamersky et al. (1980),
USA

Han et al. (2013), China

Kayhan et al. (2000),
Turkey

Kuglkkeles and Okar
(1994), Turkey

Lazzaretti et al. (2014),
Brazil

n = 22 patients
13-35y

n = 2 patients,
4 teeth
22-23y

n = 15 teeth
11-14y

n = 14 patients,
14 teeth
11-14y
n = 10 patients,
10 teeth
1114y

n = 16 patients,
16 teeth
11-18y

n = 17 patients,
34 teeth
11.8-258y
(15y)

n = 24 patients,
48 teeth
14-24y

17.9y)

n = 34 teeth
15-17y

n = 2 patients,
2 teeth

n = 17 patients,
17 teeth
12-19y

Contralateral teeth
No treatment

n = 49 teeth
No treatment

n = 15 teeth
11-14y
No treatment

Contralateral teeth
No treatment

n = 8 patients,

4 teeth

1114y

No treatment
Contralateral teeth
No treatment

Contralateral teeth
No treatment

n = 3 patients,
6 teeth
1424y
17.9y)

No treatment

n = 11 teeth
15-17y
No treatment

Contralateral teeth
No treatment

Contralateral teeth
No treatment

Maxillary first premolars

Mandibular first molars

Maxillary and mandibular
premolars

Maxillary second
premolars

Maxillary second

premolars

Maxillary first premolars

Maxillary and mandibular
first premolars

Maxillary first premolars

Maxillary premolars

Maxillary first premolars

Maxillary first premolars

Intrusion
15¢
7t030d

Tipping and extrusion

90to 100 g

10 d (short) to 171 d (long
time)

COM
51t0 102 g
2 wk

COM
51to 102 g
2 wk
COM
51t0 102 g
2 wk

Extrusion
50 ¢
14 d

COM
170 g
72h = 2 h

Intrusion
50 to 300 g
1to 12 wk

RME
3 wk

Intrusion
150 g

3 mo
Intrusion
60g
21d

Angle Orthodontist, Vol 91, No 6, 2021
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Table 2. Extended
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Assessment Method

Main Results

Outcome: Histomorphological Changes

Light microscope

Evaluated changes: degree and type of inflammation,
fibrous tissue formation, necrosis, disruption of
odontoblastic layer, vascular dilation and resorption of
cementum or dentin

Groups: 13-18 y (n = 11)—adolescents,

25-35y (n = 11)—adults

Light microscope
Times: 10 d (short-time) and 171 d (long time)
Evaluated changes: intrapulpal axons

Light microscope and sequential video prints Times: 1
and 5 d of culture
Evaluated changes: growth of microvessels

Inverted microscope and sequential video prints Times:
5, 10, and 14 d of culture

Evaluated changes: growth of microvessels

Inverted microscope and sequential video prints Times: 1
and 5 d of culture

Evaluated changes: growth of microvessels

Light microscope, immunohistochemistry and
assessment with spectrophotometer

Evaluated changes: odontoblastic and predentine layer,
blood vessels and general pulp morphology; fibroblasts
number; blood vessel analysis

Immunohistochemistry and assessment with
spectrophotometer
Evaluated changes: pulpal respiration rate

Light microscope

Times: immediately before placement of the lingual
button (T1-baseline), 1 wk after force (T2), 4 wk after
force (T3), 8 wk after force (T4), 12 wk after force (T5)

Light microscope

Times: 1 and 3m of treatment time

Evaluated changes: number of vessels, vessel areas,
minimum vessel diameters, maximum vessel
diameters, and predentine widths

TEM

Light microscope

Evaluated changes: inflammatory response, soft and
hard tissue response, and count of the number of
blood vessels and pulp calcifications

. No significant differences of the histologic parameters between the

test and control teeth during the 7 d and 1 m test period in
adolescents and adults, P > .05

. Significant differences between adolescents and adults after 1m in

type and degree of inflammation in the test teeth, P = .032

. Odontoblastic aspiration and cementum or dentin resorption were

observed in adolescents-group after 7 d and in adult group after 30
days

. No significant differences were found in intrapulpal axons (either

qualitatively or quantitatively)

. Alteration in axons myelinated were found in teeth with short time

(1.5% to 3.5%)

. No inflammation was evident
. Significantly greater growth in 5 d and 10 d in the pulps of

orthodontically moved teeth, P < .05

. Significantly greater growth in the orthodontic group in all areas at 5

d but only in the crown and root areas at 10 d, P < .05

. Increase in microvessel length after 8 d and thickness was greater

after 14 d

. Vessel degeneration began after 14 to 21 days and after 28 d had

occurred in most of pulp

. Significantly greater growth in 5, 10, and 14d in the pulps of

orthodontically moved teeth, P < .05

. No significant difference in the control teeth at 5 or 10 d of culture, P

> .05

. Significant reduction of pulpal microvessels (5 and 10 d) of test teeth
group, P < .05
Vacuolation and degeneration of the odontoblast layer

. The area of blood vessels increased after force

. Blood vessel congestion and/or hemorrhage were not observed

. Pulp stones were also observed occasionally

. Inconsistencies in the pre-dentine layer were observed: with some

sections having a regular predentine layer, while the pre-dentinal
layer in other sections was highly irregular

. Between all control and experimental premolars, there was a 27.4%

depression in the respiration rate.

. Between maxillary and mandibular premolars, there was a 31.52%

and 23.28% depression in the respiration rate, respectively.

. T2: observed moderate vascular congestion and the structure of the

cell-free zone was disrupted in 300 g-force group

. T3: presence of vacuolization in coronal pulp and resorption zones

with cementum deposition in 300 g-force group

. T4: vascular congestion and dilatation were more than T3. Presence

of pulp stones

. T5: presence of odontoblastic and adipose degeneration, vacuole

formation in the coronal pulp of 300 g-force group

. Vessel area and minimum and maximum vessel diameters showed

significant differences among the groups after 1 mo, P < .05

. Presence of pulp fibrosis zones after 3 mo

. Vascular degeneration was the main change in the pulps of

experimental group

. Presence of resorption areas in cementum of experimental group
. A significant increase of fibrous tissue, number of pulpal nodules and

vasodilation in the experimental group were observed, P < .05

. No significant differences in the number of blood vessels between

the groups, P > .05

Angle Orthodontist, Vol 91, No 6, 2021
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Table 2. Continued
Test Group (n) Patients, Force Type,
Teeth Age Range Value (g),
Authors (Year), Country (Age Mean = SD) Control Group Evaluated Teeth Duration
Leone et al. (2012), ltaly n = 20 patients, No control group Maxillary premolars COM
20 teeth 3 to 6 mo
10-14y
Mostafa et al. (1991), n = 18 patients, Contralateral teeth Maxillary first premolars Extrusion
Egypt 18 teeth No treatment 579
1621y 1 wk to 4 wk
(18y)
Ramazanzadeh et al. n = 26 patients, Contralateral teeth Maxillary first premolars Extrusion or intrusion
(2009), Iran 40 teeth No treatment 25t075¢
14-24 y 3dto 3wk
(16.8y = 3.2y)
Subay et al. (2001), n = 15 patients, No control group Maxillary and mandibular Extrusion
Turkey 40 teeth first premolars 759
15-18'y 10dto40d
Taspinar et al. (2003), n = 20 teeth n = 8 teeth Maxillary premolars RME
Turkey 13-17y 13-17y 22d
No treatment
Timms and Moss n = 8 patients No control group Maxillary premolars RME
(1971), England 1117y 2 to 4 wk

Wong et al. (1999),
Australia

n = 12 patients,
12 teeth

Outcome: Tissue Factors Expression

Caviedes-Bucheli et al.
(2011), Colombia

Chavarria-Bolanos et al.
(2014), Mexico

Han et al. (2020), China

Leone et al. (2002), Italy

Leone et al. (2009), ltaly

n = 20 patients,
20 teeth
18-37y

n = 8 patients,
8 teeth

12-16y

n = 12 patients,
24 teeth

14-24 y
17.9y)

11-13y

n = 6 patients,
6 teeth
11-14y

Contralateral teeth
No treatment

n = 10 teeth
18-37y
No treatment

n = 8 patients,
8 teeth

No treatment
n = 3 patients,
6 teeth
1424y
17.9y)

No treatment
11-13y

No treatment

n = 4 patients,
4 teeth
11-14y

No treatment

Maxillary first premolars

Maxillary first premolars

Maxillary first premolars

Maxillary first premolars

Maxillary and mandibular
premolars

Maxillary premolars

Tipping movement
3 wk

Tipping and extrusion

56 g (moderate) to 224 g
(severe)

24h

Intrusion
150 to 200 g
24 h
Intrusion
300 g

1to 12 wk

COoM

COM

Angle Orthodontist, Vol 91, No 6, 2021
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Table 2. Extended Continued
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Assessment Method

Main Results

Light microscope

Times: before treatment (T0), 3 mo after (T1), 6 mo after
(T2)

Light microscope

Times: 1 wk after force (T1), 2 wk after force (T2), 4 wk
after force (T3)

Light microscope

Times: 3 d after force (T1), 3 wk after force (T2)

Evaluated changes: degree and type of inflammation,
fibrotic tissue formation, pulp stones and dentin
formation, necrosis, disruption and vacuole formation
in the odontoblastic layer, aspiration into the dentin
tubules, cementum or dentin resorption, and
vasodilation

Light microscope

Times: 10 d after force (T1), 40 d after force (T2);
Evaluated changes: inflammatory response, soft and
hard tissue responses

Light microscope

Times: 3 mo after RME (T1), 6 mo after RME (T2), 18
mo after RME (T3)

Evaluated changes: number of vessels, vessel diameter,
hemorrhage, vascular congestion, inflammatory cell
infiltration, and vacuoles.

Light microscope

Light microscope

Evaluated changes: blood vessels, odontoblast layer,
and presence of disruption or inflammation

Outcome: Tissue Factors Expression

Radioimmunoassay

Tissue factor: CGRP

Radioimmunoassay

Tissue factors: Substance P, CGRP,

b-Endorphin, and ME

Immunohistochemical and assessment with
spectrophotometer, real-time PCR

Times: control (T0), 1 wk after (T1), 4 wk after (T2), 8 wk
after (T3), 12 wk after force (T4)

Tissue factors: c-Fos and MMP-9

Immunohistochemical and assessment with
spectrophotometer

Times: after 7 d (T1), after 14 d (T2), after 3 mo (T3),
after 6 mo (T4), after 14 mo (T5)

Tissue factors: nNOS and iNOS

Immunohistochemical and assessment with
spectrophotometer

Times: before treatment (T1), after 14 mo (T2), after 24
mo (T3)

Tissue factors: MMP-2, MMP-9 and iNOS

. In TO and T1 the pulpal tissue did not show any significant

morphological alteration

. In T2, odontoblastic vacuolization was observed
. Certain characteristic pulpal reactions arise from orthodontic

extrusion, these reactions involve: circulatory disturbances with
congested and dilated blood vessels, odontoblastic degeneration,
vacuolization and oedema of the pulp tissues, and (by the fourth
week) manifestation of fibrotic changes

. The extrusive and intrusive forces promoted disruption of

odontoblastic layer and vacuolization after 3 d and 3 wk in
comparison with control group, P < .05

. The extrusive force promoted more fibrous tissue formation in

comparison with control group and intrusive force after 3 wk, P = .01

. Incomplete necrosis was observed in one tooth in extrusive group

after 3 wk

. None of the teeth in the groups showed any inflammatory reactions

or reparative dentin formation at the test periods.

. Vessel diameter, hemorrhage, congestion and inflammatory cell

infiltration varied between groups, and the differences between the
control and 3 mo groups, and the 3 mo and 18 mo groups were most
significant

. Deposition of secondary dentin in pulpal floor and down on the inner

walls of the root canals after 4 mo

. Presence of pulp stones in the root canals after 4 mo
. In the orthodontic group, there are increase in blood vessel area and

vessels appeared to be dilated, congested when compared with the
control group, P < .01

. CGRP levels were higher in the severe force-group (0.1380 =

0.0278 pmol/mg) than in the moderate force group (0.0609 + 0.0236
pmol/mg), P < .0001

. Significant statistical differences were found between control group

and the severe force group, but not with the moderate force group
and control group

. Significant differences in substance P levels between the control-

group (83.51 = 11.35 pmol/mg) and orthodontic-group (131.91 =
26.32 pmol/mg), P < .05

. C-Fos and MMP-9 PCR analysis showed that protein expression

increased after 4 wk of treatment, with statistical difference significant
between TO and T2, T3, T4, P < .05

. There was appositive correlation between c-Fos and MMP-9

expression, P < .001

. The results suggest a close correlation between the duration of the

orthodontic force and the expression of NOS.

. The presence of nNOS in the vessels and parenchymal tissue was

observed after 6 mo of treatment, and the presence of INOS was
detected in the vessel walls after 3 mo, in the nerve fibers after 6 mo
and in the odontoblasts after 14 mo of treatment.

. A reduction of MMP-2 and MMP-9 expression occurred in treated

samples after 14 and 24 mo of treatment, P < .05

. No significant differences were observed in the iINOS levels, P > .05
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Table 2. Continued
Test Group (n) Patients, Force Type,
Teeth Age Range Value (g),
Authors (Year), Country (Age Mean = SD) Control Group Evaluated Teeth Duration
Leone et al. (2012), ltaly n = 20 patients, No control group Maxillary premolars COM
20 teeth 3 to 6 mo
10-14y
Parris et al. (1989), USA n = 11 patients, n = 9 patients, Maxillary and mandibular Tipping
22 teeth 18 teeth premolars 120 to 245 g
151y = 49Yy) 189y =1.7y) 21 to 72 min
No treatment
Pérez et al. (2017), n = 20 patients, Contralateral teeth Maxillary first premolars Intrusion
Spain 20 teeth No treatment 759
14-21y 48 h
(17.35y £ 2y)
Perinetti et al. (2004), n = 17 patients, Contralateral teeth Maxillary first premolars COM
Italy 17 teeth No treatment 30t0 90 g
14.5-19.6 y 7d
(16.8 y = 1.6y)
Perinetti et al. (2005), n = 16 patients, Contralateral teeth Maxillary first premolars COM
Italy 16 teeth No treatment 30t0 90 g
15-19.6 y 7d
17y =16y)
Veberiene et al. (2009), n = 21 patients, Contralateral teeth Maxillary and mandibular Intrusion
Lithuania 21 teeth No treatment premolars 619
1121y 7d
(155 = 0.5y)
Veberiene et al. (2010), n = 13 patients, No control group Maxillary premolars Intrusion
Lithuania 13 teeth 821097 g
14-22'y 7to14d
(165 = 2.7y)
Veberiene et al. (2015), n = 10 patients, n = 6 patients, Maxillary second COM
Lithuania 20 teeth 11 teeth premolars 6m (+0.8 mo)
16-34y 1634y
(25.7y = 43Yy)
No treatment
Walker Jr. et al. (1987), n = 10 patients, n = 6 patients, Maxillary and mandibular Tipping
USA 40 teeth 20 teeth premolars 41t0174 g
No treatment 20 to 150 min

AP indicates alkaline phosphatase; AST, aspartate aminotransferase; CGRP, calcitonin gene-related peptide; COM, conventional orthodontic
movement; d, days; F, female; g, gram; h, hour; HSP60, heat shock protein 60; iINOS, macrophageal nitric oxide synthase; nNOS, neural nitric
oxide synthase; M, male; mg, milligram; mo, months; ME, methionine-enkephalin; min, minute; mm, millimeter; MMP, matrix metalloproteinase;
PCNA, proliferating cell nuclear antigen; PCR, polymerase chain reaction; RME, rapid maxillary expansion; SD, standard deviation; T, time; TEM,

transmission electron microscope; w, week; y, years old.

increased number of microvessels and their area in the
pulp in teeth after orthodontic movement.® 5192124
Increased levels of some tissue factors have been
observed in response to orthodontic force. SP and
CGRP are neuropeptides released by pulp neurons
due to various types of noxious stimuli.®' Increases in
the levels of these neuropeptides have been observed
after orthodontic force, suggesting that it can be
harmful to the pulp if not controlled, as the elevation
of the rates of these factors can trigger vasodilation,
edema, activation of the immune system, and recruit-
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ment of inflammatory cells to the pulp.®®*' C-Fos is a
transcription factor involved in the proliferation and
differentiation of pulp cells®* and MMP-9 is an enzyme
that degrades substances in the extracellular matrix
during pathological processes. Therefore, increased
levels of these biomarkers indicate damage to the pulp
tissue due to orthodontic force.®® AST is an intracellular
enzyme released extracellularly after cell death; its
increased levels can be considered a marker of tissue
damage.® The AST levels reported by the included
studies®** were comparable with levels in teeth with
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Table 2. Extended Continued

839

Assessment Method

Main Results

Immunohistochemical and assessment with
spectrophotometer

Times: before treatment (T1), after 3 mo (T2), after 6 mo
(T3)

Tissue factors: HSP60, caspases 3 and 9, and PCNA.

Radioimmunoassay

Tissue factors: ME and substance P

Immunohistochemical and assessment with
spectrophotometer
Tissue factors: AST activity

Immunohistochemical and assessment with
spectrophotometer
Tissue factors: AST activity

Immunohistochemical and assessment with
spectrophotometer
Tissue factors: AP activity

Immunohistochemical and assessment with
spectrophotometer
Tissue factors: AST activity

Immunohistochemical and assessment with
spectrophotometer
Tissue factors: AST activity

Immunohistochemical and assessment with
spectrophotometer
Tissue factors: AST activity

Reversed phase high-performance liquid chromatography
(RP-HPLC), radioreceptor assay (RRA),
radioimmunoassay (RIA), and mass spectrometry (MS)

Tissue factors: ME

. The levels of caspases, PCNA and HSP60 increased after T3,

compared to T1 and T2, P < .05

. The substance P levels were not affected by the application force, P

> .05

. The levels of ME showed response sex-specific: in males the mean

concentration decreases (control-group: 20 * 26.7 pg/mg, ortho
group: 12 £9.4 pg/mg, P < .05) and in females increased (control-
group: 26 =+ 68.1 pg/mg, ortho group: 139 + 346.4 pg/mg, P < .05)
in response to orthodontic force

. No significant differences in AST levels between the control-group

(1.787 = 1.133 U/mL) and orthodontic group (1.942 = 1.133), P >
.05

. Significant differences in AST levels between the control-group (3.6

+ 1.4 U/mL) and orthodontic group (6.7 = 1.9 U/mL), P < .01

. Significant differences in AP levels between the control-group (142 =

33 U/mL) and orthodontic-group (89 = 0.26), P < .01

. Significant differences in AST levels between the control group (0.35

+ 0.24 U/mL) and orthodontic group (0.57 + 0.44), P < .01

. No significant differences in AST levels between T1 (0.27 + 0.15 U/

mL) and T2 (0.21 = 0.15 U/mL), P = .32

. No significant differences in AST levels between the control-group

(25.29 = 9.95 U/mL) and orthodontic group (25.54 + 31.81), P =
312

. Significant differences in ME levels by RIA analysis between the

control-group (43.1 ng/g) and orthodontic-group (20.9 ng/g), P < .05

. ME concentrations of the teeth extracted decreased in proportion to

increasing forces

reversible pulpitis.®® Although a threshold AST level
associated with pulp inflammation has not been
defined, a significant increase in its levels in response
to orthodontic force indicated that certain reactive
mechanisms were occurring in the pulp.

The included studies showed a moderate RoB and in
no case did the study’s quality checklists meet all the
parameters evaluated. Most studies showed moderate
RoB mainly due to bias in the selection of the size and
characteristics of the sample and heterogeneity be-
tween the exposed and non-exposed subjects. The
method of assessment outcomes, the insufficient
follow-up time for the results to occur, and the bias in
measuring and interpreting the outcome contributed to
these results. Quality of evidence was assessed using

the GRADE-tool and demonstrated very-low strength
overall performance. The imprecision of the results
was mainly due to the broader confidence interval
presented by the studies or the lack of presentation of
these data. The included studies showed high hetero-
geneity; therefore, the inconsistency was assessed as
very serious.

This systematic review had limitations that need to
be discussed. The methodological heterogeneity of the
studies due to the lack of standardization of the
orthodontic force and assessment method of the
results, and the limited number of studies, made it
difficult to compare the results. Therefore, a combined
quantitative synthesis was not considered adequate.*
Many studies had small sample sizes and samples

Angle Orthodontist, Vol 91, No 6, 2021
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OBSERVATIONAL STUDIES
Selection | Comparability g:;?;::lreé RoB
Abtahi et al. (2016) * % %k * * % Low
Bunner and Johnsen (1982) % % % * * % Moderate
Caviedes-Bucheli et al. (2011) * % % Y % % Moderate
Derringer et al. (1996) 2. 0. 0. 6 ¢ * * % Low
Derringer and Linden (1998) * % % % * * % Low
Derringer and Linden (2003) * % % Y % Y Moderate
Hall (2013) * % % * % Y Moderate
Hamersky et al. (1980) * % * % * Moderate
Kayhan et al. (2000) * % * * % * Moderate
Kiigiikkeles and Okar (1994) * % * * * Moderate
Lazzaretti et al. (2014) % % % % Y % % Low
Leone et al. (2002) % % % * % * Moderate
Leone et al. (2009) % % % * % * Moderate
Leone et al. (2012) % % * % * % Moderate
Parris et al. (1989) % % % D ¢ * Moderate
Pérez et al. (2017) %* % k% * % * % Low
Perinetti et al. (2004) O & & ¢ * * Moderate
Perinetti et al. (2005) % % k k * * Moderate
Siibay et al. (2001) * % %k * * Moderate
Taspinar et al. (2003) * % % Y % * Moderate
Timms and Moss (1971) * % * * High
Veberiene et al. (2009) * % % Y % * Moderate
Veberiene et al. (2010) * % K * * Moderate
Veberiene et al. (2015) * %k k * * Moderate
Walker Jr et al. (1987) %* % k% * * % Low
Wong et al. (1999) %* %k * * % * Moderate
RANDOMIZED CONTROLLED TRIALS
Q1 Q2 Q3 Q4 Q5 Q6 RoB
Chavarria-Bolanos et al. (2014) low | low | low SC low | low SC
Han et al. (2013) low | low SC SC SC low SC
Han et al. (2020) low | low | low SC low | low SC
Mostafa et al. (1991) SC low | low SC SC low SC
Ramazanzadeh et al. (2009) low | low | low SC low | low SC

Figure 2. Risk of bias assessment. Newcastle-Ottawa Scale: maximum 4 points for selection, 2 points for comparability, and 3 points for
exposure/outcome. Cochrane-tool 2.0: (Q1) bias arising from the randomization process; (Q2) bias due to deviations from intended interventions;
(Q3) bias due to missing outcome data; (Q4) bias in measurement of the outcome; (Q5) bias in selection of the reported result; (Q6) overall bias.
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with heterogeneous characteristics. Therefore, the
results may have less statistical power and should be
interpreted with caution by the clinician. Although
limited by the very low quality of the studies, this SR
had important strengths to highlight. The wide data
collection approach, through multiple databases, al-
lowed the inclusion of a large number of articles related
to the review topic. The inclusion of studies of all
languages and the use of no filter also reinforced the
search process. These characteristics allowed a wide
scope in the selection of articles, which increased the
possibility of making a qualitative analysis of the data
available in the literature within this field of research to
synthesize the evidence and to set the baseline for
future studies that, hopefully, will benefit from the
critical analysis of the current published data.

The main objective of this review was to assess
whether teeth moved orthodontically displayed pulp
histomorphological changes to contribute to the diag-
nosis of dental pulp status during orthodontic move-
ment. Based on the very low strength of evidence of
the included articles, it was not possible to infer that
regulary used orthodontic force was able to promote
meaningful dental pulp changes. However, the studies
seemed to suggest that the application of orthodontic
force could promote, in an unidentified group of
patients, several morphological changes as well as
the expression of pulp tissue factors. Future research
that investigates the effects of orthodontic force on pulp
tissue requires RCTs, with larger samples and appro-
priate length of follow-up, along with standardized
evaluation methods to obtain results with greater
power of scientific evidence.

CONCLUSIONS

« Although the included articles suggest that ortho-
dontic forces may promote changes in pulp histo-
morphology and in the expression of tissue factors,
the very low level evidence produced by the included
articles does not support any categorical conclusion
that these changes are consistently generated by
orthodontic movement.
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