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Abstract

This review, registered in PROSPERO (CRD42018102582), assessed the effect of

temporary anchorage device placement on endodontic complications. A search

strategy was followed to identify studies where any temporary anchorage

devices contacted or were in proximity to tooth roots in humans. Studies with

low possibility of bias and published in English or Latin-character languages

were considered for inclusion. Ten studies were identified; five case reports, one

clinical study and four studies with intentional injury, totalling 736 temporary

anchorage devices in 327 patients. Complications may ensue following tempo-

rary anchorage device placement, whether or not root contact occurs. Chronic

apical periodontitis developed when there was root injury involving the pulp;

necrosis can also occur. When damage was limited to the periodontal ligament,

cementum or dentine, repair occurred, normally within 12 weeks. Clinicians

should be aware of the potential for endodontic complications during temporary

anchorage device placement, as well as during orthodontic treatment.

Introduction

Temporary anchorage devices (TADs), also known as

miniscrews or orthodontic mini-implants, consist of small

screws placed in the maxillary bone to aid in orthodontic

anchorage processes ad interim. Their diameters range

from 1.2 to 2 mm and they are commonly available in

lengths of 6, 8 and 10 mm (1). TADs are used as an alter-

native to improve traditional means of anchorage, being

a substitute to the use of teeth, extra- or intra-oral appli-

ances. Thus, their use aims to avoid encountering unde-

sirable effects such as unwanted movement of the

anchorage unit or limitations in treatment, such as an

absence of an anchorage unit (2–4). Further favourable

characteristics of TADs include good success rates, low

cost and easy implantation (5). TADs are an effective

alternative to Nance palatal arches and extra-oral head-

gear for supplementing anchorage (6,7). TADs can also

be loaded immediately (3,8), and their effectiveness does

not directly depend on patient co-operation, as is the case

with extra-oral anchorage devices (2).

On account of their small size, TADs can be

implanted in several intra-oral regions such as the

zygomatic process, the palate, anterior nasal spine,

between the roots of teeth, the retromolar region,

mandibular ramus and body, and lateral to the maxil-

lary sinus (9). Their placement is often in close prox-

imity to the roots of teeth, the periodontal ligament

(PDL) and nerve branches, rendering these sites at

increased risk of iatrogenic damage (10,11), with the

potential for short- or long-term endodontic, and/or

periodontal complications. Therefore, it is important

that clinicians placing TADs are aware of these risks in

order to prevent, or diagnose and manage such poten-

tial complications appropriately. Considering that the

development of complications may lead to changes in
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a previously consented orthodontic treatment plan,

referral to specialists, or both, general dentists and spe-

cialist orthodontists should discuss the possible risks

and complications associated with TADs with their

patients, as well as propose alternative options, as part

of the process of shared decision-making and informed

consent (12,13).

The literature assessing TADs-related endodontic com-

plications is scarce. One previous systematic review

assessed root damage as a result of TAD root contact (14).

A second study that included mostly animal studies

assessed the effect of TADs contacting roots and sur-

rounding structures (15). To the best of our knowledge,

no previous review has specifically focused on the in vivo

effect of TAD placement on endodontic complications.

Therefore, the aim of our study was to assess the effect of

TAD placement, on endodontic complications, through a

systematic review.

Materials and methods

Protocol and registration

The systematic review protocol was registered a priori in

the International Prospective Register of Systematic

Reviews under CRD42018102582. The review followed

the Joanna Briggs Institute (JBI) methodology guidelines

for a systematic review of association (aetiology) (16).

The review was conducted and reported in strict accor-

dance with PRISMA guidelines for reporting systematic

reviews and meta-analyses (17).

Review question

The objective of this review was to identify the associa-

tion of TADs on the development of endodontic compli-

cations. The following specific research question was

addressed: What is the effect of TADs usage on develop-

ing endodontic complications?

Inclusion criteria

As this systematic review was focused on aetiology and

risk, the research question was generated based on popu-

lation, exposure and outcome (PEO)(16):

Population: studies of healthy human participants in

any dentition, who had placement of one or more TADs.

There were no restrictions on the basis of age or sex.

Exposure: any type or number of TADs that contacted

or were in proximity to a dental root. This was diagnosed

radiographically, or after extraction of the affected tooth

using either visual assessment, histological or microscopic

examination.

Outcome: specific outcomes related to endodontic com-

plications that were assessed: loss of pulpal sensibility

(assessed with dental pulp testing), pulpal necrosis, apical

periodontitis and root damage (assessed by radiographic

imaging, histological and/or microscopic examination).

Study design: case reports, observational studies, ran-

domised and non-randomised clinical trials were consid-

ered for inclusion.

Search strategy

A 3-step search strategy was adopted. An initial limited

search of MEDLINE (via Ovid) and Scopus databases was

performed to identify keyword and index terms pertinent

to the research question. The search strategy (Table S1)

was then developed using all identified keywords and

index terms, and applied to the following electronic data-

bases: MEDLINE (via Ovid), Embase, Scopus, and Den-

tistry and Oral Sciences Source (DOSS) (EBSCO) from

inception date to 23 March 2019. Only publications in

English or languages with Latin characters were

included. Citation search of reference lists of all included

articles was also performed. There were no restrictions

placed on the year of publication. After removal of dupli-

cate records, two reviewers (GM, GJF) independently

and in duplicate screened the titles and abstracts of the

articles in order to distinguish potentially relevant studies

for inclusion.

Assessment of methodological validity and

possibility of bias

After retrieval of the full-text articles of the potentially

relevant studies, the same reviewers independently

assessed these studies for inclusion using standardised

study design-specific critical appraisal tools available from

the JBI (18,19). Since the review aimed to synthesise the

best available evidence, only those studies having high

methodological quality (a score > 70%) were included.

Authors were contacted if any questions from the critical

appraisal tools were scored as ‘unclear’. Any disagree-

ments that arose were resolved through discussion

with the first author, who is a JBI trained and accredited

reviewer.

Data extraction

Data were extracted from the included studies, indepen-

dently, by the two reviewers using a customised data col-

lection sheet. Data included author names, year of

publication, study setting, study design, number of par-

ticipants, exposures and outcomes of importance to the

review question. Authors of included studies were
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contacted for clarification or to request additional infor-

mation relevant to the review that was missing from their

published articles.

Data synthesis

Following tabulation, findings were described in a narra-

tive synthesis.

Results

Search strategy results

This review identified 6243 articles. After screening and

full-text assessment, a total of 10 studies were included.

Citation search of the included articles did not reveal

additional records. Figure 1 shows the flow chart for the

selection of the studies included in the systematic review

according to the PRISMA guidelines (17). Characteristics

of the excluded studies in the eligibility phase are pre-

sented in Table S2.

Methodological validity and possibility of bias

As all studies scored > 70%, they were included in the

systematic review (Table S3).

Included studies

Table 1 shows the main characteristics of the included

studies; all were published in English (20–29). There

were 327 participants with 736 TADs. One case report

was part of a previously published study; however, a sep-

arate analysis was undertaken in the latter (25,27).

Authors of a single study were contacted and replied to

requests for clarification (28). In 39 subjects, TAD place-

ment was carried out aiming to cause intentional injury

of teeth planned for extraction as part of the orthodontic

treatment plan (20,21,25,27,29). There was a single ret-

rospective clinical study that contributed with approxi-

mately 86% of the cases (28), and five case reports (22–

24,26,27). Seven patients required treatment as a conse-

quence of TAD-related sequelae.

Fig. 1 Flow chart of the screening and study selection process.
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Characteristics of exposure

The diameter and length of the TADs ranged from

1.8 9 7 mm to 1.5 9 10 mm. The incidence of root con-

tact varied from nil to 48, with two pulpal exposures

occurring. TADs contact duration ranged from zero days

(i.e. resulting in immediate removal of the TAD) to 2.5

years. Follow-up times were also variable, ranging

between nil (i.e. immediate tooth extraction) through to

5 years.

The mechanisms of injury included contact between

TADs and teeth following orthodontic movement of the

latter, root damage from a pilot drill and/or TAD place-

ment, and placement and subsequent removal of TAD

following contact. A fractured TAD following attempted

retrieval was also described (27). One study assessed dif-

ferent insertion positions in the absence of evident con-

tact (28).

Endodontic complications associated with TADs

The complications comprised loss of pulp vitality (due to

placement of TADs in proximity to the tooth), PDL con-

tact, root contact or pulpal exposure with the subsequent

development of pulpal necrosis and chronic apical peri-

odontitis. Six studies utilised pulp sensibility testing (22–

24,26–,28). Amongst these, five case reports assessed

pulp sensibility following injury (22–24,26,27), with four

studies reporting the development of pulpal necrosis,

with subsequent chronic apical periodontitis that was

confirmed radiographically (22–24,26). Hourfar and col-

leagues reported loss of pulp sensibility in patients in the

second half of a two-year retention phase following

removal of fixed appliances. The TAD had been in close

proximity to the root, without directly contacting the

teeth (28).

The severity of injury caused by TADs is normally

reflected in the complexity of subsequent treatment. In

four studies, areas of chronic apical periodontitis healed

following root canal treatment (22–24,26); however, in

the presence of extensive iatrogenic damage, more com-

plex surgical procedures were additionally required

(22,24,26).

When TAD injury to the root was limited to the PDL,

cementum or dentine, causing minimal inflammation, a

normal repair process occurred in a time-dependent fash-

ion, with 12 weeks suggested as the required time for

healing (20,21,25,27,29). Healing involved regeneration

of the PDL and cementum; removal of TADs favoured

healing (20). Furthermore, the presence of a mature bio-

film associated with the injured area was demonstrated

(22).
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Discussion

This review aimed to assess the effect of TAD placement

on endodontic complications and shows that the degree

of injury following TAD placement was associated with

the occurrence and severity of pulpal and periapical

pathoses, though loss of pulpal sensibility may occur

even if TADs do not contact roots (28). Clinically evident

loss of hard dental tissue with pulp exposure commonly

leads to necrosis and apical periodontitis (22,24,26),

whereas damage limited to the PDL, cementum and den-

tine will often result in repair in a time-dependent fash-

ion (20,21,25,27,29).

A strength of this review is the inclusion of studies

with low possibility of bias. An a priori cut-off for

methodological quality, that also assesses bias, is part of

the systematic review methodology of the JBI (16,30–

32). Studies with low methodological quality, or a mod-

erate to high possibility of bias, or both, were excluded.

This approach helps give confidence in the strength and

validity of the review’s results. Variable study designs

were considered for inclusion, aiming to integrate the

richness of the available qualitative research ‘to capture

the whole phenomenon of interest’ (33). The results of

this systematic review are in agreement with the main

findings of a previously published review that focused

mostly on animal studies (15), although the outcomes

from animal studies may not be always extrapolated to

humans (25).

Several limitations should be taken into account when

considering the conclusion of this review: (i) the paucity

and study design of studies in this topic, despite using

high sensitivity search terms across four electronic data-

bases, including DOSS (that covers grey literature). An

explanation is publication bias. Over time, fewer journals

are accepting case reports for publication. Also, clinical

cases with negative outcomes are unlikely to be prepared

for publication (34). Thus, other potentially negative

consequences such as endodontic treatment failure and/

or tooth loss are not included in this review as these are

yet to be reported in the literature. Furthermore, system-

atic reviews of aetiology have a limitation regarding the

study design of component studies, considering that it

would be unethical to carry out longitudinal experimen-

tal studies (i.e. causing an intentional injury), for exam-

ple (35). (ii) Studies with intentional injury may not

represent clinical reality and are only followed up for a

relatively short duration. Nonetheless, studies adopting

this methodology add to our histological understanding

of healing response following injury in vivo. (iii) Most of

the cases (86%) originated from a single retrospective

clinical study (28). Therefore, even if biological plausibil-

ity of endodontic complications related to injury with

TADs is confirmed, the findings of the present systematic

review should be considered with caution.

It is essential to be aware of the position of roots during

pilot drill usage and placement of TADs. Similarly, teeth

should not be moved without first considering whether

their roots might approach existing TADs. Although there

is a possibility of tooth surface repair following TAD-re-

lated injury, this should be avoided owing to the poten-

tially important endodontic complications that can

ensue. The occurrence of tooth injury and/or loss, related

to TAD injury, consequently requires revision of the orig-

inally agreed treatment plan (36). Iatrogenic errors may

have a negative impact on the patient’s quality of life and

the patient–clinician relationship, possibly leading to liti-

gation (37). Complications can be minimised by detailed

planning of TAD insertion and appropriate patient fol-

low-up after active orthodontic treatment is completed,

in order to monitor the endodontic status of teeth that

were in close proximity to the area where TADs were

previously placed. Finally, root contact may damage the

TAD and compromise its retention.

The need for long-term monitoring for endodontic

complications following the use of TADs cannot be

overemphasised as the subsequent sequelae could take

several years to become clinically evident. Apart from

pulpal demise, orthodontic treatment has been suggested

to be a predisposing factor for the development of inva-

sive cervical resorption (ICR) (38,39), a type of resorption

distinct from orthodontically induced external root

resorption (OIERR). Considering that ICR is associated

with a defect in the cementum/cementoid layer, the

accumulative root damage related to the use of TADs and

orthodontic treatment per se, may lead to an increase in

the incidence of this insidious clinical form of external

root resorption. Cementum defects due to TAD-related

injury may also be associated with OIERR.

Given that TADs are becoming an increasingly popular

anchorage choice in orthodontics, future studies should

use a prospective longitudinal approach, adopting a com-

bination of diagnostic procedures to more accurately

evaluate pulp responses immediately before as well as

following TAD placement. These outcomes should also be

followed up at regular intervals, through to the retention

phase of orthodontic treatment. Furthermore, in the

presence of damage greater than superficial root contact,

this review demonstrates that signs, symptoms or radio-

graphic evidence of endodontic complications may subse-

quently occur.

TADs that are in close proximity to, or contact roots,

can result in endodontic complications such as pulpal

necrosis or chronic apical periodontitis. If the injury is

limited to the PDL, cementum or dentine, repair is possi-

ble following removal of the TAD. Considering that, in

© 2019 Australian Society of Endodontology Inc120

Orthodontic TADs and Endodontic Pathosis G. Rossi-Fedele et al.



general, case reports and series are associated with

increased possibility of bias, further clinical studies with

sufficient follow-up are required to better understand

potential associations between orthodontic treatment,

TAD-related injuries and endodontic complications.
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