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REVIEW ARTICLE

Adverse effects of orthodontic forces on dental pulp. Appearance and character.
A systematic review

Jukka Huokuna , Vuokko Loimaranta , Merja A. Laine and Anna-Liisa Svedstr€om-Oristo

Institute of Dentistry, University of Turku, Turku, Finland

ABSTRACT
Objective: To comprehensively assess recent data on the effects of orthodontic forces on the dental
pulp and to critically evaluate, whether any of the changes are permanent.
Materials and methods: Articles published between 2/2009 and 2/2022 were searched electronically on
the PubMed, EMBASE and SCOPUS databases. The initial search retrieved 780 publications and, applying
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, 33 relevant
articles were identified. Twenty articles fulfilled the requirements for high (n¼ 1) or moderate (n¼ 19)
methodological quality and were included. All assessments were made independently by three researchers.
Results: Orthodontic forces appeared to cause a reduction in pulpal blood flow and a reduction in
tooth sensibility, as indicated by increased response thresholds and increased amounts of negative
responses to tooth sensibility tests. In addition, there were increases in the expression or activity levels
of enzymes and neuropeptides associated with hypoxia and inflammation. Fibrotic tissue formation in
the pulp was also reported.
Conclusions: Except for some histological and morphological alterations, the observed pulpal changes
were in most cases only temporary, appearing within days of initiating the treatment and usually last-
ing for weeks. There were no clear signs of permanent damage.
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Introduction

In recent years, a considerable number of new studies have
focussed on the possible changes that occur in the dental
pulp as a result of the application of orthodontic force.
Various aspects have been studied, for example, pulpal blood
flow, responses to tooth sensibility tests, the expression or
activity levels of different enzymes and neuropeptides as
well as histological and morphological changes [1,2].

The pulpal blood flow is an indicator of pulpal health. A
decreased pulpal blood flow or transient ischaemia may cause
a decrease in pulpal sensory responses and the sensibility of
teeth. Since the pulp tissue is encased in calcified tissues, only
indirect tests can be used to assess pulp vitality. Vitality tests
assess pulpal circulation, which can be evaluated by using
Laser Doppler Flowmetry (LDF). LDF is a non-invasive method
of measurement that utilises the frequency change (Doppler
shift) of light reflecting back from moving red blood cells [3].
Pulp sensibility tests in turn extrapolate pulpal health from
responses to electric current (electric pulp testing, EPT) and
thermal changes (cold and heat). Higher response thresholds
or failure to respond to EPT or thermal tests are indications of
reduced sensibility. Sensibility tests can also be used to repro-
duce the symptoms reported by the patient. However, a posi-
tive reaction to sensibility tests indicates only that pulpal

nerves are functioning but does not give any direct informa-
tion about the pulpal blood flow [4].

Both immunohistochemistry and biochemical assays have
been used to measure the intrapulpal activity levels of pro-
teins such as aspartate aminotransferase (AST), neuropepti-
des, and endogenous opioids. AST is an enzyme involved in
amino acid metabolism [5]. Increased AST activity can be an
indication of metabolic changes occurring inside the pulp,
and it has been previously associated with reversible pulpitis
[6]. Calcitonin gene-related peptide (CGRP) and substance P
(SP) are neuropeptides that have important functions in the
dental pulp. The release of these neuropeptides from the
afferent nerve endings leads to pro-inflammatory effects
(neurogenic inflammation), and with their vasodilatory func-
tion, they play an important role in the local control of pul-
pal blood flow [7,8]. Numerous studies in the past have
indicated that there is an elevated expression of neuropepti-
des such as CGRP and SP or their receptors in an inflamed
dental pulp, compared to a healthy pulp [9,10], and in teeth
with pain symptoms compared to teeth without pain [11,12].

Several reviews on pulpal reactions to orthodontic treat-
ment have been published in the last ten years [1,2,13–15],
but the latest reviews [13–15] have focussed on restricted
points of view, for example, clinical and radiographic
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outcomes. Therefore, a comprehensive synthesis of recent
data from an orthodontic point of view was considered clin-
ically informative. This review had three aims: (1) to provide
an updated synthesis of data concerning various effects of
orthodontic treatment on the dental pulp, (2) to critically
assess any signs of permanent damage to the pulp and (3)
to compare the results with regard to the type of
tooth movement.

Materials and methods

Eligibility criteria

The focus question ‘What kind of harmful effects are created
by orthodontic forces in human dental pulp’ was formulated
according to the PICO (Patient; Intervention; Control and
Outcomes) model to aid the selection of eligible studies. The
inclusion criteria were as follows:

P: Human subjects with healthy teeth
I: Orthodontic force applied to the teeth that were studied
C: A control group or baseline values or contralateral teeth
with no orthodontic treatment

O: The measured change between baseline and follow-up
values. All changes had to be observed inside the pulp. In
addition, original studies only were included.

Excluded: Studies where the force was applied to other struc-
tures than teeth (e.g. sutures), studies reporting root
resorption or changes in tissues other than the pulp (e.g.
periodontal tissues), studies which included traumatised
teeth and studies with poor quality or inconsistencies were
excluded as well as review articles and case reports.

Information sources and search strategy

Initial searches were made in PubMed using the search term
‘Dental Pulp’[Mesh] AND (Orthodontics [Mesh] OR
‘orthodontic force�’ OR ‘tooth movement�’ OR intrusion OR
extrusion OR rotation) and, with slight modification, in
SCOPUS and EMBASE. In order to analyse the consequences
of current orthodontic practices and for example, flexible
and tissue friendly materials, the search period was limited
to 2/2009–2/2022.

Based on the initial searches, additional subject-specific
search terms were designed and 23 supplementary searches
were made in all three databases. The subject-specific search
terms are listed in Supplementary Table S1 [Supplementary
Appendix 1]. Any articles that were found through the
searches or references in other articles were added if they
met the inclusion criteria.

Study selection

All retrieved studies were assessed step by step by title and
abstract according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
All assessments were made independently by three research-
ers. The flow-chart describing the inclusion-exclusion process

is shown in Figure 1 (Edited from: [16]). The full texts of all
approved studies were read and categorised according to
their methodological quality using the modified method by
the Swedish Council of Technology Assessment in Health
Care [17,18]. The studies were graded with a score of A to C
according to the criteria shown in Table 1. Disagreements
were resolved by consensus-based discussions.

Results

The final material consisted of 20 articles, of which one was
categorised as Grade A (High Quality) and 19 Grade B
(Moderate Quality). The excluded 13 articles were catego-
rized as Grade C (Low Quality), primarily because of insuffi-
cient descriptions of the tests for reliability and
reproducibility.

The effects of orthodontic force on dental pulp were ana-
lysed during the first and second stages of orthodontic treat-
ment, that is, alignment and levelling and space closure, and
more specifically during three types of tooth movement
(intrusion, extrusion and tipping). The changes were studied
in pulpal blood flow (PBF), tooth sensibility, the levels of cer-
tain enzymes and other proteins, and in histology and
morphology. One of the studies [19] covered two different
topics (AST and tooth sensibility). A summary of the results is
shown in Table 2.

Changes in pulpal blood flow

In all the included 10 studies, there was a significant reduc-
tion in PBF as a result of orthodontic treatment
[20–24,27,29–32]. This reduction was seen during the first
few days or weeks after applying the force, and it was fol-
lowed by a recovery back towards the baseline PBF values.
In all studies, LDF was used as the PBF measuring method. A
comparison of the PBF progressions between the different
studies is presented in Figure 2. The respective data are
given in Supplementary Tables S2 & S3 [Supplementary
Appendix 2].

A greater intrusive force (250 g) caused a greater reduc-
tion in PBF when compared to a lower level of intrusive
force (125 g) in the study on maxillary first molars by Ersahan
& Sabuncuogly [32]. However, another study on maxillary
incisors [29] found no significant difference between the dif-
ferent force groups (40 and 120 g of intrusive force).

Changes in tooth sensibility

Pulp sensibility tests included EPT and thermal tests (cold or
heat). In all of the included 3 studies [19,25,38], an increase
in EPT readings or an increase in the number of negative
responses to EPT was found as a result of the use of ortho-
dontic force. Cold testing was done in only one study.
Alomari et al. [38] found an increase in the number of nega-
tive responses to the test. No signs of permanent damage
were found in any of the studies.
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Changes in the levels of proteins associated with
inflammatory changes and hypoxia

Five studies on AST, neuropeptides, and Vascular endothelial
growth factor (VEGF) were included in this review
[19,26,33,34,37]. Two studies focussed on AST activity or

expression [19,26]. Veberiene et al. [19] found an increase in
AST activity after 7 days, but with a much longer treatment
period (6months), no difference in AST levels was seen [26].

In the included three studies concerning neuropeptides
[33,34,37], a common finding was an increase in the

Figure 1. PRISMA flow diagram presenting the identification and screening of eligible articles for this systematic review. Edited from: Page et al., 2021 [16].

Table 1. Criteria for assessment of the methodological quality of the studies.

Criteria
Category A�
High quality

Category B�
Moderate quality

Category C
Low quality

Blinded outcome measures Yes No Yes/no
Study design

Randomised, controlled Yes Yes/no Yes/no
Prospective Yes Yes/no Yes/no
Cohort No Yes Yes/no
Retrospective No Yes Yes/no

Control or reference group Yes Yes�� Yes/no��
Well-defined diagnosis and end points Yes Yes Unclear
Described tests of reliability and reproducibility Yes Yes Unclear
Purely defined material or large attrition No No Yes

Modified from Bondemark et al., 2007 [17] and Reddy et al., 2017 [18].�Lack of any of the requirements lowers the category.��Baseline values accepted as controls.
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expression of substance P (SP). For CGRP, two studies [34,37]
showed a significant increase and one study [33] an increas-
ing trend, which was not statistically significant. Increased
VEGF expression in pulp was measured after treatment of
24 h [37]. The changes for the endogenous opioids b-endor-
phin and methionine-encephalin were not statistically signifi-
cant, but they, too, showed increasing trends both after 24 h
and 7 days of treatment [33,34].

Histological and morphological changes

Two studies reported findings of histological changes related
to orthodontic treatment [35,36]. Both studies reported
fibrotic tissue formation. Vacuolisation and disruption of the
odontoblastic layer, as well as vascular changes (blood vessel
dilation or congestion), were also observed. In addition, occa-
sional pulpal nodules and odontoblastic aspiration were
reported in extracted orthodontically treated teeth [35].
However, the cause for odontoblastic aspiration was sug-
gested to be a result of the tooth extraction process rather
than orthodontic treatment.

In a recent study, Hatrom et al. [28] used Cone Beam
Computed Tomography (CBCT) to show reduced pulp vol-
ume after conventional and piezocision-assisted orthodontic
tooth movement, but there was no difference between the
two treatment methods.

Comparisons between the main types of
tooth movement

Of the included 20 studies, 7 analysed alignment and level-
ling of dental arches [20–26] and 9 intrusion [19,29–36]. A
closer inspection revealed that dental arches were aligned
and levelled using round, 0.014–0.016 superelastic arch wires
with a shape memory. These arch wires exert light, continu-
ous forces to the teeth and the induced tooth movement is
mainly tipping.

In tipping, the loading is exerted near the root apex on
the side of the force and near the alveolar crest on the
opposite side [39]. The compression depends on the force
magnitude. In studies included in this review, forces from
70 g to 100 g were applied to maxillary incisors [20,21] and

Figure 2. Progression of mean pulpal blood flow (PBF) values relative to the baseline value of each study or group (PBF at timepoint X/Baseline PBF of the same
group). �Average between tooth types, ��average between tooth types and treatment methods, ���baseline value not presented in numerical form in the source
study, interpreted from a graph to be 13.0 AU (arbitrary units).
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from 150g to 200 g to maxillary premolars [26]. All studies
evaluating changes in blood flow had the last follow-up at
1month after placement of first arch wires [20–24].

In intrusion, the applied cantilever whole arch wires were
stiffer, from 0.016ʺ � 0.022ʺ to looped 0.018ʺ � 0.025ʺ stain-
less steel (SS) [31–34] exerting an intermittent force to the
teeth. The intrusive forces were generated by a utility arch
[30], a looped whole arch [33,34], a NiTi closed coil spring
[29,30] or elastics [31,32] with Mini Implants as anchorage.
Other methods were a NiTi open coil spring with a remov-
able appliance [35] and cantilever SS spring with a rigid unit
connecting the first molars as anchorage [19,36].

In intrusion, the loading is concentrated over a small area
at the root apex [39]. In included studies, the reported forces
varied from 40 to 120 g for incisors [29,30], from 25 g (with a
removable appliance) to 200 g for premolars [19,33–36] and
from 100 g to 250 g for molars [31,32]. The follow-ups in
evaluating changes in blood flow varied from 3weeks [29,30]
to 6months [31,32]. Within the periods from 3 to 4weeks,
the results in blood flow and sensibility tests were similar in
both movement types.

Discussion

In elective orthodontic treatments, it is of vital importance
that the teeth and especially the pulps, are not damaged by
the orthodontic forces. In several studies, the focus has been
on the possible changes in PBF. However, orthodontic forces
can cause many other responses and changes in the pulp. It
can be speculated that the reduction seen in PBF is an ori-
ginal direct effect of the orthodontic force, and many of the
other observed changes would be subsequent secondary
effects caused by the reduction in blood flow.

In the recent studies [20–24,27,29–32], a common finding
was a significant reduction in pulpal blood flow during the
first few days or weeks of the orthodontic force application.
This is in line with previous findings where the application of
short-term intrusive force caused a reduction in PBF [40,41].
Only the study by Barwick & Ramsay [42] found no signifi-
cant changes in PBF after a short duration (4min) of intrusive
force on maxillary central incisors, but the small sample size
may have prevented small changes in PBF from showing as
statistically significant.

Under normal conditions, pulpal blood flow is controlled
both remotely, by the autonomous nervous system, and
locally, through the local release of vasoactive substances
and stimulation of the local sensory nerves [8]. The blood
supply to the dental pulp is provided by blood vessels enter-
ing through the narrow apex area. The reduction seen in PBF
during orthodontic treatment has been considered to be a
consequence of the direct mechanical compression of these
blood vessels [29,31,41,42], as the orthodontic force creates a
movement of the apical root area relative to the surround-
ing bone.

As different types of force create different forms of move-
ment, their effects on PBF may differ. Intrusion has often
been considered the type of movement most likely to cause
changes in PBF, but in recent studies, other movement types

caused reductions in PBF as well. It has also been suggested
[27] that developing teeth with a more open apex area could
be more resistant to the blood flow effects of orthodontic
force, as larger blood vessels can better enter the pulp. With
ageing, deposition of secondary dentine may further narrow
the apex area. In the 2018 study by Ersahan & Sabuncuogly
[21], significant differences in pulpal blood flow changes
were found between 18–25-year-olds and 42–55-year-olds.
The older group had a more severe reduction in PBF as a
result of the treatment, and PBF in the older group did not
recover back to baseline as quickly as in the younger group.

In the study by Sabuncuogly & Ersahan [30], a very small
initial increase in PBF was found after 24 h, before a subse-
quent larger decrease. As suggested by the authors, such
small initial increases could be attributable to an acute
inflammatory reaction involving blood vessel dilation and
increased circulation.

EPT responses seem to be affected by the temporary dis-
turbances of orthodontic forces. Recent studies [19,25,38]
showed higher threshold values and an increase in the num-
ber of negative responses to EPT. The findings concerning
thermal testing (cold or heat) are less clear. The actual mech-
anism through which the orthodontic force causes the
changes in tooth sensibility is not clear, but nerve fibres may
be affected by the hypoxic conditions caused by a reduction
in blood flow [43,44].

Recent studies suggested that there was a transient
increase in AST activity inside the dental pulp during the first
weeks following the application of orthodontic force [19,45].
This is supported by the earlier study by Perinetti et al. [46],
which found significantly increased AST activity after 7 days
of treatment with a fixed appliance. Also, samples taken
from gingival crevicular fluid (GCF) around orthodontically
moved teeth have shown increased activity of AST [46,47].

The expression of neuropeptides CGRP, and SP as well as
endothelial growth factor VEGF also appears to increase as a
result of orthodontic treatment [33,34,37]. Similar results
have been observed previously in animal studies. In a study
with rats by Kvinnsland & Kvinnsland [48], an increase in the
staining intensity and a number of CGRP-immunoreactive
nerve fibres was observed in the pulps after 5 days of the
orthodontic force application. In a study with cats, Nicolay
et al. [49] found an increased intensity of SP immunoreactiv-
ity in teeth subjected to orthodontic force.

Increased levels of AST, neuropeptides and VEGF have
been associated with inflammatory conditions and hypoxia
of the pulp, which is in line with the detected reduced pul-
pal blood flow discussed above. Furthermore, increased lev-
els of these proteins following orthodontic treatment could
suggest that the orthodontic force might cause a low-level
inflammatory reaction inside the pulp.

In the recent studies reporting findings of histological
changes in the pulp related to orthodontic treatment
[35,36,50–52], the most common finding was fibrotic tissue
formation. Additionally, disruption of the odontoblastic layer
and vascular changes as well as pulp stone formation and
reduction in pulp volume were reported. Similar changes
have been reported previously. Mostafa et al. [53] looked at
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the histological changes resulting from 1–4weeks of extru-
sion of maxillary premolars. They found vacuolisation, con-
gestion and dilation of the blood vessels, degeneration of
odontoblasts, and oedema. Also pulp fibrosis was found after
4weeks. Kayhan et al. [54] observed increases in blood vessel
diameter as a result of 1–3months of rapid palatal expan-
sion. Additionally, some fibrosis formation was observed after
3months, but no inflammatory cell infiltration was found.
Taspinar et al. [55] observed significant increases in blood
vessel diameter, haemorrhage, congestion and inflammatory
cell infiltration after 3months of rapid palatal expansion.
S€ubay et al. [56] found no signs of inflammatory responses
following the application of extrusive forces but did find
pulp stone formation and odontoblast aspiration into the
dentine tubules.

Hatrom et al. [28] reported a reduction in pulp volume
after orthodontic treatment. Popp et al. [57] studied changes
in pulp volume related to orthodontic treatment using peri-
apical radiographs. During the 5-year study period, narrow-
ing of the pulp was observed both in the experimental
group and the control group, and was interpreted to be
caused by the secondary dentine formation related to the
natural ageing process. On the other hand, CBCT applied by
Venkatesh et al. [58] indicated slight decrease in pulp vol-
ume after 17–18months of the orthodontic force application.
The decrease was interpreted to be caused by tertiary den-
tine deposition. While secondary dentine is formed continu-
ously throughout life, tertiary dentine is formed in response
to an external stimulus [59]. More studies are needed to find
out whether orthodontic treatment truly causes narrowing of
the pulp chamber through the formation of tertiary dentine,
or whether the observed slight narrowing results from sec-
ondary dentine formation.

The recently published systematic reviews [1,2,13–15]
have been limited in their conclusions, despite noted
changes in blood flow [1,15], pulp sensibility [14], pulp
morphology [14,15] and in the expression of certain tissue
factors [14]. Although the current review sheds light on
changes in dental pulp during various types of tooth move-
ment, there are limitations as well: Some studies did not
describe the full details of applied appliances and most of
the follow-ups were scheduled up to 1month, not allowing
for long-term analyses. Only the study by Alomari et al. [38]
followed changes in EPT from the beginning of orthodontic
treatment until one year of retention. Only one study ana-
lysed changes during bodily movement [28] and one during
torque [38], that is, during those types of tooth movement
having the largest areas of compression, high magnitudes of
force and a long duration. Furthermore, the number of stud-
ies related, for example, to tooth sensibility and morpho-
logical changes was small as well. These factors limit the
level of certainty with which any conclusions can be drawn
and call for more higher quality studies.

In conclusion, orthodontic forces appear to cause multiple
detectable changes in the dental pulp. These changes
include a reduction in pulpal blood flow, reduction in tooth
sensibility, and a likely increase in the expression or activity
levels of certain enzymes and neuropeptides associated with

inflammation. Common histological changes seem to include
fibrotic tissue formation. For the most part, these changes
appear to be only temporary and to present during the first
few days or weeks after applying orthodontic force. Only few
effects appear to be detectable after several months of treat-
ment; instead, recovery and reversal back to normal can be
seen in most cases even during an ongoing treatment. In
the included studies, there were no clear signs of permanent
destructive effects following treatment.
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