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Abstract
Background: The aim of this retrospective investigation was to evaluate the incidence of loss to pulp sensibility
testing (PST) of maxillary front teeth after paramedian (3 to 5 mm away from the suture) orthodontic mini-implant
(OMI) insertion in the anterior palate.
Methods: A total of 284 patients (102 males, 182 females; mean age was 14.4 years (±8.8) years at time of OMIInsertion) with a total of 568 OMIs (1.7 mm diameter, length 8 mm) were retrospectively investigated. A binomial
regression analysis was performed to explore covariates, such as age, gender, inclination of upper central incisors,
dentition status and insertion position of OMIs that could have contributed to loss of sensibility. Statistical
significance was set at p < 0.05.
Results: Loss of response to PST was encountered during retention in 3 out of 284 patients and the respective
OMIs had been placed at height of the second rugae (R-2). Affected teeth were a right canine, a left lateral and a
left central incisor. Subsequent root canal treatment was successful. Results of the binomial regression analysis
revealed that the covariate insertion position (R-2) of OMIs (p = 0.008) had statistically significant influence on loss
of response to PST.
Conclusions: (1) Although there was no radiographic evidence for direct root injury, the proximity of the implants
to the anterior teeth was nevertheless statistically related to loss of PST. (2) In all cases of PST loss OMIs were
inserted at the second rugae. Therefore OMIs should be placed either more posteriorly, at the third rugae or in the
median plane. (3). Loss of PST was not increased for patients with palatal OMI (0.18%) compared to samples
without OMI (0.25%).
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Background
Sensibility is defined as the ability to respond to a stimulus and testing of the dental pulp, which can be performed using different techniques. In clinical practice
commercially available refrigerant sprays (cold - tests)
are often used for pulp sensibility testing (PST) [1] and
the response is recorded as positive or negative. Various
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factors such as previous trauma [2], patient age [3], periodontal attachment loss [4] or medications (sedatives,
tranquilizers, analgesics) [5] are known to have an influence on the response. It is known that orthodontic tooth
movement can affect PST response temporarily [6], but
sensibility is thought to return to normal after completion
of treatment. The authors state that there is no agreement
in the literature regarding potential long-term sequelae:
reported pulpal responses after orthodontics included circulatory vascular stasis and necrosis [7]. Cases of pulpal
necrosis following orthodontic therapy have been occasionally reported [8, 9], but this is unusual.
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Adjunctive procedures such as extensive enamel stripping [10] and subtractive Odontoplasty [11, 12] may lead
to a critical rise in intrapulpal temperature [10] with
subsequent pulp necrosis [13]. Clinicians performing
PSTs use the qualitative sensory manifestations to extrapolate the state of the pulp to assess the “vitality” of
the tooth [1, 14]. “Sensibility” and “vitality” are hence
often used interchangeably [1, 5], although it is well
known that PST can produce false positive and false
negative results for vitality.
Orthodontic mini-implants (OMIs) have changed
orthodontic paradigms by broadening the spectrum of
dental movements [15]. Numerous risks and complications associated with the use of OMIs have been described before and specific complications such as
unintentional root damage [16, 17], if severe enough can
lead to loss of sensibility and vitality.
The anterior palate is most suitable [18] as insertion site for OMIs because of high success rates [19]
and ideal anatomical conditions. Palatal bone quality
and quantity for safe insertion of OMIs has been well
documented [20–22]. Despite these findings, unintentional root damage of a lateral incisor after paramedian OMI-Insertion in the anterior palatal vault has
been reported [23].
The aim of this retrospective investigation was to
evaluate incidence of response loss to PST of maxillary
front teeth after paramedian OMI insertion in the anterior palate.

Methods
Patients and treatment protocol
Patients

Patients with no history of previous orthodontic treatment
and need for OMI supported orthodontic biomechanics
were included. All patients received treatment by a single
orthodontist (B. L.) in a specialist orthodontic practice
(Traben-Trarbach, Germany), including fixed orthodontic
appliances with OMI placement. As previously described
[24–26], two OMIs were inserted symmetrically parasagittal (3 to 5 mm away from the suture) [27] into the anterior
palate for appliance attachment. OMIs were loaded two
weeks after insertion, because of manufacture of the appliances attached to them.
Inclusion criteria:
Unrestored maxillary permanent front teeth without
history of trauma and previous dental treatment
Exclusion criteria:
– systemic diseases/disorders
– craniofacial malformations
– chemo and/or radiotherapy during tooth
development
– accidents/craniofacial trauma
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– history of previous surgery requiring endotracheal
intubation
– dental malformations
– severe crowding of the upper front teeth
– periodontal disease
– history of previous orthodontic treatment
– tooth agenesis (except for third molars) or tooth loss
– enamel stripping or occlusal adjustments to the
upper front teeth
– medications such as sedatives, tranquilizer,
analgesics
Skeletal anchorage

Only one type of mini-implant (1.7 mm diameter, length 8
mm) was used (OrthoEasy®, Forestadent, Pforzheim,
Germany). This implant system has an anodized surface
and features a self-tapping and cutting design and is made
from Titanium-alloy (Ti-6Al-4 V). Following patient consultation and consent, 0.2 ml to 0.5 ml of local infiltration
anaesthesia (Ultracain® D-S, Sanofi-Aventis Deutschland
GmbH, Frankfurt, Germany) was used. The OMIs were
inserted without soft tissue incision or pre-drilling, perpendicular to the bone surface, using a motorised dental
handpiece at an insertion speed of 60 RPM. Torque limitation was 30 Ncm. All OMIs were removed at debond.
Bonding and debonding of the fixed appliance

Bonding and removal of the fixed appliances followed a
standardized protocol. Self- ligating steel Brackets (Quick®,
Forestadent, Pforzheim, Germany) were indirectly bonded
applying a light cure bonding material (Transbond® Supreme LV, 3 M Unitek, Monrovia, Calif., USA). A halogen
light was used for curing composite material according to
manufacturer instructions.
Bracket removing pliers were used for debonding. The
residual adhesive on each tooth was removed with fluted
tungsten carbide burs and the surface finished using silicone carbide polishers. All clean-up procedures included
water-cooling.
Pulp sensibility testing

Thermal PST (cold test) of the maxillary front teeth was
performed just prior to OMI-insertion, at debond of the
fixed appliance/OMI-removal and 24 month post debond.
Endo-Ice® (Coltène/Whaledent Inc., Cuyahoga Falls, Ohio,
USA), producing a temperature of −50 °C was used. The
product was applied to the teeth using a cotton wool pad.
Response was recorded as either positive or negative.
Records included full documentation for the entire
treatment including appropriate radiographs.
Diagnosis of radiographic material

All radiographs were taken with an Orthophos® XG 3
(Sirona, Bensheim, Germany).
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Panoramic x-rays (OPGs)

OPGs were available pre-treatment (initial diagnostics)
and were used for the diagnosis of bony and dental
anomalies/pathologies prior to OMI-insertion.
Cephalometric analysis

Using the pre-treatment cephalograms (initial diagnostics)
the inclination of upper central incisors (U1/ANS-PNS)
prior to OMI-insertion was measured (Fig. 1), and 108° ±
5° [28] was regarded as a standard mean value.
Assessment of OMIs’ insertion positions

Position of the OMIs were assessed using the plaster
working models for the appliances.
Because palatal rugae have been previously described
as stable, clinically visible structures [29], the insertion
positions of the OMIs were classified in relation to the
medial ends of palatal rugae:
1. at second rugae (R-2)
2. between second and third rugae (R-2/3)
3. at third rugae (R-3)
Data collection and statistical analysis

Data was collated using Microsoft Excel® 2007, (Microsoft
Corp., Redmond, Wash., USA). All cephalometric angular
measurements and the assessment of the implant position
were re-measured after three months by the same operator. Average intra-examiner reliability calculated by the
coefficient of variation (COV) was 0.01 for the former and
using the intraclass correlation coefficient (ICC) was 1.0
for the latter.
A binomial logistic regression analysis was performed
to explore covariates, such as age, gender, Inclination of
upper centrals, dentition status and insertion position of
OMIs that could possibly have contributed to loss of
sensibility. Statistical analysis was performed using SPSS®
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for Windows®, version 22.0 (IBM Corp., Armonk, New
York, USA). Statistical significance was set at p < 0.05.

Results
A total of 284 patients (102 males, 182 females) with a
total of 568 OMIs met the inclusion criteria. All patients
were of Caucasian origin. At the time of OMI-insertion
the mean age was 14.4 years ± 8.8 years. 169 patients
were in mixed dentition, and 109 patients were in permanent dentition. Average inclination of upper incisors
(U1/ANS-PNS) was 109.81° ± 8.37°; they were hence
slightly proclined. Most OMIs were inserted at the third
rugae (Table 1). In none of the patients root injuries
were diagnosed on the available radiographs.
Loss of response to pulp sensibility testing (PST)

Loss of response to PST was encountered in 3 (1.06%)
out of 284 patients or 0.53% per OMI. The percentage
was 0.18% (n = 3) for the 1704 maxillary incisors and canines and 0.18% (n = 2) for the 1136 maxillary incisors
respectively. PST was found negative in the three affected patients in the second half of two year retention
phase following debond of the fixed appliances. Affected
maxillary teeth were: A right canine, a left lateral and a
left central incisor. Details are in Table 2.
The three affected patients initially presented with
painful teeth and were hence referred to an endodontic
specialist for further clinical and radiographic diagnosis.
All affected teeth received root canal treatment. After
successful treatment the symptoms resolved. Interestingly, no root injury was diagnosed on the intraoral films
during endodontic treatment.
Results of the binomial logistic regression analysis revealed that covariates gender (p = 0.996), age at OMIInsertion (p = 0.456), Inclination of upper incisors (U1/
ANS-PNS) (p = 0.289) and dentition status (p = 0.587) had
no statistically significant influence on loss of response to

Fig. 1 Inclination of upper central incisors. Measurement of the Inclination of upper central incisor (U1/ANS-PNS) between the palatal plane (ANSPNS) and the long axis of U1 (Is-Isa)
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Table 1 Distribution of OMIs insertion positions’ in relation to
palatal rugae
Insertion position

Number

Percent

second rugae (R-2)

76

13.4

between second and third rugae (R-2/3)

24

4.2

third rugae (R-3)

468

82.4

PST, whereas the insertion position of OMIs (p = 0.008)
had.

Discussion
Loss of response to PST and vitality respectively was encountered in 3 out of 284 patients of our sample. The
percentage was 0.18% for the 1704 maxillary incisors
and canines and 0.18% for the 1136 maxillary incisors
respectively. Interestingly, these results are very similar
to those of an investigation by Bauss et al. [30]. They
also found a small percentage of 0.25% (n = 2) for 800
healthy non-traumatized permanent incisors in 200 randomly selected patients who underwent fixed treatment
without OMI placement.
In all affected patients of our sample, symptoms that
led to referral to an endodontic specialist were encountered during retention. Occurrence of symptoms was
late, considering loss of vitality was only detected long
after OMI removal and debond. However, considerable
variation has been described in the literature [23, 31–33]
and loss of vitality can occur up to 2 years after OMI
placement [32] because root injury can remain symptomless over a long period of time. Er et al. [23] reported
a periradicular lesion caused by unintentional root damage after paramedian placement of two OMIs (1.5 mm
diameter, length 10 mm) in the anterior palate for a distalizing appliance in a 22-year-old female, thus requiring
endodontic treatment. Two months after OMI-insertion,
the patient complained of pain and the right maxillary
lateral incisor was endodontically treated.
Root perforations after buccal interradicular insertion
of OMIs have also been reported: two cases of maxillary
first molars [32, 33] and a mandibular right lateral incisior [31]. In the latter additional periapical surgery was
performed for retrograde root canal treatment.
Table 2 Details of affected patients
Gender

Patient 1

Patient 2

Patient 3

female

female

female

Age (years)

37

11

12

Inclination U1 (degrees)

99.20

98.50

110.50

OMIs insertion positions

R-2

R-2

R-2

Affected tooth (FDI-Notation)

13

22

21

R-2, OMI’s insertion position at second rugae

After loss of response to PST, patients were referred to
an endodontic specialist who diagnosed pulp necrosis
and undertook endodontic treatment. Because no root
injury could be diagnosed on the available plain film radiographs and all patients were free of symptoms after
treatment, no additional cone beam computed tomography (CBCT) was performed, although this would have
been the modality of choice to diagnose the exact location of the possible root injury site [34]. Therefore, we
cannot completely exclude root perforations due to OMI
insertion and this has to be kept in mind when considering the results of this investigation.
It was well known that OMIs did not remain stationary during orthodontics [35] and primary (direct) and
secondary (migration) displacement has been observed.
Primary displacement is due to the elastic characteristics
of the bone whereas the latter occurs under orthodontic
loading over time, caused by remodeling processes of
the bone. In a systematic review by Nienkemper et al.
[36] secondary displacement of OMIs was found 0.23 to
1.08 mm for the head, 0.1 to 0.5 mm for the body and
0.1 to 0.83 mm for the tip. Maximum values ranged
from 1.0 to 4.1 mm for the head, 1.0 to 1.5 mm for the
body and 1.0 to 1.92 mm for the tip. Tipping angles ranging from 1.0 to 2.65° were noted. The mean extrusion
of OMIs ranged from 0.1 to 0.8 mm and intrusion of up
to 0.5 mm was also observed. In our study OMIs were
removed at the time of debond and the tip of displaced
OMIs might have interfered with the tissues supplying
surrounding teeth with innervation and vascularity.
Besides possible complications with the use of OMIs
[16, 17] affecting PST response and pulp vitality, numerous relationships between orthodontics and adjunctive
procedures respectively and the state of the dental pulp
were also described [37–39]. Patients requiring adjunctive
procedures to orthodontics on maxillary front teeth such
as approximal enamel reduction [10] and occlusal adjustments [11, 12] were not included, because pulpal
temperature may have risen critically during the procedure [10].
It has been reported that orthodontic tooth movements like intrusion might also influence PST response
[7, 40]. Radiographic examination, albeit limited to twodimensional plain film radiographs, did not reveal any
close proximity between the OMIs and the roots of the
teeth. It is therefore unlikely that direct Injury led to loss
of vitality.
However loss of response to PST and vitality might
have been caused by orthodontics itself. This may be
relevant for the canine that required root canal treatment, as direct injury of this tooth during OMIInsertion in the anterior palate was unlikely to have
caused this issue and has never before been reported in
literature. Moreover the patient was an adult (37 years)
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and older than the other patients affected (11 and 12
years). Hamersky et al. suggested [41] that orthodontic
forces cause biochemical and biologic pulpal tissue changes
and that orthodontic forces may be less safe as the age of
the patient increases. Open apices allow vessels to enter the
pulp and the increased amount of loose connective tissue
in this apical area may help to maintaining pulpal blood
flow during orthodontic force application; this argument
has also been made by other authors [42, 43]. Remarkably
Ingle et al. [44] found that the maxillary canine, which is
generally not affected by dental trauma, appears to be the
tooth most susceptible to pulp hemorrhage and necrosis
when exposed to orthodontic force application, suggesting
ischemic infarction as most likely cause.
The possibility of dental trauma before, during and
subsequent to orthodontic treatment plays an important role when interpreting the results of our study.
Incidence of dental trauma is subject to continuous
investigation [45–47] and data from the United States
revealed that 25% of the population from 6 to 50 years of
age may have suffered dental trauma to the anterior teeth
[45]. Surprisingly, some patients are unaware of this and
many choose not to seek dental treatment [45, 48] and
taking a past dental history is likely to be unreliable. Most
dental injuries occur during the first two decades of life;
the most accident-prone time was found from the age 8 to
12 years [46, 48]. Dental trauma is more frequent in boys
than girls however there is considerable variation [47].
Maxillary central incisors, followed by the lateral incisors
are most frequently involved [49]. One investigation evaluated pulp vitality in teeth suffering trauma during orthodontic therapy; prevalence of pulp necrosis was 18.6% [30]
and this was much higher than our findings.
We excluded patients who had a past history of general anaesthesia; dental trauma during endotracheal intubation anaesthesia is one of the most common
encountered adverse events of general anaesthesia [50].
Maxillary central incisors are affected most frequently
[51]. Incidence of dental trauma reporting was found to
be smaller than 0.2% [52] when assessed by anaesthesiologists compared to 12.1% [53] when assessed by dentists.
It was suggested that examinations should hence be conducted by dental surgeons [54].
Alomari et al. [6] examined PST response using electric pulp testing (EPT) during and after orthodontic
treatment. The threshold of response to PST using EPT
was found to vary during but returned to pre-treatment
values towards the end of the retention phase. The authors suggested that responses to electrical pulp testing,
should be interpreted with caution during orthodontics
and that a negative PST response does not always indicate pulpal necrosis.
In daily clinical practice a refrigerant spray (RS) is
often used for practical reasons [55] and in our study
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we also used a RS producing a local temperature of -50
°C. There is little evidence which cold delivery method
is most accurate in determining pulp responsiveness.
Jones et al. [56] compared carbon dioxide dry ice sticks
(CO2) with RS and concluded that RS and CO2 were
equivalent in determining pulpal responsiveness, but
the response elicited from the refrigerant spray (RS)
was faster.
To distinguish between “sensibility” and “vitality” advanced techniques such as Laser-Doppler techniques
(Laser Doppler Flowmetry - LDF) to measure intrapulpal
blood flow can be used [1, 5]. LDF was found to be a reliable method. However, it is technique-sensitive [57]
and extra-pulpal blood flow, mainly from the periodontal ligament, may contaminate the signal [58]. Moreover
LDF is time-consuming [57, 59] and hence not always
practical for routine clinical use.
Regression analysis showed that only the insertion
position of the OMIs was a statistically significant covariate (p = 0.008) for loss of vitality. In the three patients
affected by a negative response to cold testing the OMIs
were inserted at the second rugae (R-2), and we must assume that a more posterior insertion directed to the
third rugae (R-3) is more likely to preserve vitality. This
is in agreement with a recent investigation by Hourfar
et al. [21] which examined bone availability for OMI insertion in relation to the palatal rugae. Most bone was
found in the vertical dimension at the first and second
rugae for 8 mm long OMIs. Yet they stated that it was
challenging to access the area of the second rugae clinically: OMIs would have to be inserted vertically to avoid
damage to the incisor roots and perpendicular insertion
to the bone surface might not be suitable for this area.
The inclination of upper incisors (U1/ANS-PNS) was
not a statistically significant covariate (p = 0.289) although a slight tendency towards proclination was noted
within in the sample.
To our knowledge, this study is the first retrospective
study that investigates the relationship between OMI positioning and loss of PST response and pulp vitality.
Time delay of endodontic complications was accounted
for in our study design by investigating the patients 24
months after debond. We propose further research using
prospective designs to verify the outcome of our
investigation.

Conclusions
 Although there was no radiographic evidence of

OMI induced trauma to the teeth that lost vitality,
the proximity of the implants to the anterior teeth
was positively and related to loss of PST (p = 0.008).
 In all cases of PST loss OMIs were inserted at the
second rugae (R-2) and we therefore we recommend
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that OMIs should be placed either more posteriorly,
at the third rugae (R-3), or in the median plane.
This will decrease risk of trauma to the roots of the
anterior teeth.
 PST/vitality loss post OMI-insertion in the anterior
palate was only 0.18%. We conclude that the risk of
palatal OMIs leading to loss of PST/vitality of the
upper front teeth is small.
Acknowledgement
The authors express their thanks to Mr. J. Hammer for participating in the
collection of data.
Funding
None.
Availability of data and materials
For confidentiality issues, the data will only be shared in aggregate form as
presented in the tables.
Authors’ contributions
JH conceived the project, gathered and processed the data, created the
material presented (tables, electronic images, references, et cetera) and
drafted the manuscript. DB translated and critically revised the manuscript.
JAL critically revised the manuscript. BL reviewed the process and critically
revised the manuscript. All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethical approval and consent to participate
Ethical approval for this study and for the use of existing radiographic
material respectively was granted (No 224/13, Ärztekammer des Saarlandes,
Saarbrücken, Germany).
Author details
1
Department of Orthodontics, University of Heidelberg, Heidelberg, Germany.
2
Department of Orthodontics, Guy’s and St Thomas’ NHS Foundation Trust
and King’s College Dental Institute, London, UK. 3Department of
Orthodontics, University of Saarland, Homburg/Saar, Germany. 4Private
Practice, Am Bahnhof 54, 56841 Traben-Trarbach, Germany.
Received: 6 September 2016 Accepted: 21 December 2016

References
1. Chen E, Abbott PV. Dental pulp testing: a review. Int J Dent. 2009;365785:12.
2. Bastos JV, Goulart EM, de Souza Cortes MI. Pulpal response to sensibility
tests after traumatic dental injuries in permanent teeth. Dent Traumatol.
2014;30:188–92.
3. Farac RV, Morgental RD, Lima RK, Tiberio D, dos Santos MT. Pulp sensibility
test in elderly patients. Gerodontology. 2012;29:135–9.
4. Rutsatz C, Baumhardt SG, Feldens CA, Rosing CK, Grazziotin-Soares R,
Barletta FB. Response of pulp sensibility test is strongly influenced by
periodontal attachment loss and gingival recession. J Endod. 2012;38:580–3.
5. Gopikrishna V, Pradeep G, Venkateshbabu N. Assessment of pulp vitality: a
review. Int J Paediatr Dent. 2009;19:3–15.
6. Alomari FA, Al-Habahbeh R, Alsakarna BK. Responses of pulp sensibility tests
during orthodontic treatment and retention. Int Endod J. 2011;44:635–43.
7. Veberiene R, Smailiene D, Danielyte J, Toleikis A, Dagys A, Machiulskiene V.
Effects of intrusive force on selected determinants of pulp vitality. Angle
Orthod. 2009;79:1114–8.
8. Spector JK, Rothenhaus B, Herman RI. Pulpal necrosis following orthodontic
therapy. Report of two cases. N Y State Dent J. 1974;40:30–2.
9. Fonseca GM, Guzmán AE. Orthodontic Forces Causing Damage the Pulpal
Condition. Report of Two Cases. Int J Odontostomat. 2010;4:271–6.

Page 6 of 7

10. Baysal A, Uysal T, Usumez S. Temperature Rise in the Pulp Chamber during
Different Stripping Procedures. Angle Orthod. 2007;77:478–82.
11. Zachrisson BU, Mjor IA. Remodeling of teeth by grinding. Am J Orthod.
1975;68:545–53.
12. Tuverson DL. Orthodontic treatment using canines in place of missing
maxillary lateral incisors. Am J Orthod. 1970;58:109–27.
13. Zach L, Cohen G. Pulp Response to Externally Applied Heat. Oral Surg Oral
Med Oral Pathol. 1965;19:515–30.
14. Rowe AH, Pitt Ford TR. The assessment of pulpal vitality. Int Endod J. 1990;
23:77–83.
15. Carrillo R, Buschang PH. Palatal and mandibular miniscrew implant
placement techniques. J Clin Orthod. 2013;47:737–43.
16. Kravitz ND, Kusnoto B. Risks and complications of orthodontic miniscrews.
Am J Orthod Dentofacial Orthop. 2007;131:S43–51.
17. Kuroda S, Tanaka E. Risks and complications of miniscrew anchorage in
clinical orthodontics. Jpn Dent Sci Rev. 2014;50:79–85.
18. Ludwig B, Glasl B, Bowman SJ, Wilmes B, Kinzinger GS, Lisson JA.
Anatomical guidelines for miniscrew insertion: palatal sites. J Clin Orthod.
2011;45:433–41.
19. Baumgaertel S. Temporary skeletal anchorage devices: The case for
miniscrews. Am J Orthod Dentofacial Orthop. 2014;145:560.
20. Winsauer H, Vlachojannis C, Bumann A, Vlachojannis J, Chrubasik S.
Paramedian vertical palatal bone height for mini-implant insertion: a
systematic review. Eur J Orthod. 2014;36:541–9.
21. Hourfar J, Ludwig B, Bister D, Braun A, Kanavakis G. The most distal palatal
ruga for placement of orthodontic mini-implants. Eur J Orthod. 2015;37:
373–8.
22. Hourfar J, Kanavakis G, Bister D, Schatzle M, Awad L, Nienkemper M,
Goldbecher C, Ludwig B. Three dimensional anatomical exploration of the
anterior hard palate at the level of the third ruga for the placement of miniimplants - a cone-beam CT study. Eur J Orthod. 2015;37:589–95.
23. Er K, Bayram M, Tasdemir T. Root canal treatment of a periradicular lesion
caused by unintentional root damage after orthodontic miniscrew
placement: a case report. Int Endod J. 2011;44:1170–5.
24. Ludwig B, Glasl B, Kinzinger GS, Walde KC, Lisson JA. The skeletal frog
appliance for maxillary molar distalization. J Clin Orthod. 2011;45:77–84.
25. Wilmes B, Nienkemper M, Drescher D. Application and effectiveness of a
mini-implant- and tooth-borne rapid palatal expansion device: the hybrid
hyrax. World J Orthod. 2010;11:323–30.
26. Ludwig B, Zachrisson BU, Rosa M. Non-compliance space closure in patients
with missing lateral incisors. J Clin Orthod. 2013;47:180–7.
27. Bernhart T, Vollgruber A, Gahleitner A, Dörtbudak O, Haas R. Alternative to
the median region of the palate for placement of an orthodontic implant.
Clin Oral Implants Res. 2000;11:595–601.
28. Houston WJB, Stephens CD, Tulley WJ. A textbook of orthodontics. Wright,
Oxford. Oxford: Wright; 1992.
29. Christou P, Kiliaridis S. Vertical growth-related changes in the positions of
palatal rugae and maxillary incisors. Am J Orthod Dentofacial Orthop. 2008;
133:81–6.
30. Bauss O, Rohling J, Meyer K, Kiliaridis S. Pulp vitality in teeth suffering
trauma during orthodontic therapy. Angle Orthod. 2009;79:166–71.
31. Hwang YC, Hwang HS. Surgical repair of root perforation caused by an
orthodontic miniscrew implant. Am J Orthod Dentofacial Orthop. 2011;139:
407–11.
32. Lim G, Kim KD, Park W, Jung BY, Pang NS. Endodontic and surgical
treatment of root damage caused by orthodontic miniscrew placement. J
Endod. 2013;39:1073–7.
33. McCabe P, Kavanagh C. Root perforation associated with the use of a
miniscrew implant used for orthodontic anchorage: a case report. Int Endod
J. 2012;45:678–88.
34. Shokri A, Eskandarloo A, Noruzi-Gangachin M, Khajeh S. Detection of root
perforations using conventional and digital intraoral radiography,
multidetector computed tomography and cone beam computed
tomography. Restor Dent Endod. 2015;40:58–67.
35. Liou EJ, Pai BC, Lin JC. Do miniscrews remain stationary under orthodontic
forces? Am J Orthod Dentofacial Orthop. 2004;126:42–7.
36. Nienkemper M, Handschel J, Drescher D. Systematic review of mini-implant
displacement under orthodontic loading. Int J Oral Sci. 2014;6:1–6.
37. von Bohl M, Ren Y, Fudalej PS, Kuijpers-Jagtman AM. Pulpal reactions to
orthodontic force application in humans: a systematic review. J Endod.
2012;38:1463–9.

Hourfar et al. Head & Face Medicine (2017) 13:1

Page 7 of 7

38. Javed F, Al-Kheraif AA, Romanos EB, Romanos GE. Influence of orthodontic forces
on human dental pulp: a systematic review. Arch Oral Biol. 2015;60:347–56.
39. Meeran N. Iatrogenic possibilities of orthodontic treatment and modalities
of prevention. J Orthod Sci. 2013;2:73–86.
40. Veberiene R, Smailiene D, Baseviciene N, Toleikis A, Machiulskiene V. Change
in dental pulp parameters in response to different modes of orthodontic
force application. Angle Orthod. 2010;80:1018–22.
41. Hamersky PA, Weimer AD, Taintor JF. The effect of orthodontic force
application on the pulpal tissue respiration rate in the human premolar. Am
J Orthod. 1980;77:368–78.
42. Unsterseher RE, Nieberg LG, Weimer AD, Dyer JK. The response of human
pulpal tissue after orthodontic force application. Am J Orthod Dentofacial
Orthop. 1987;92:220–4.
43. Stenvik A, Mjor IA. Pulp and dentine reactions to experimental tooth intrusion.
A histologic study of the initial changes. Am J Orthod. 1970;57:370–85.
44. Ingle JI, Simon JHS, Walton RE, Pashley DH, Bakland LK, Heithersay GS,
Stanley HR. Pulpal pathology: Its etiology and prevention. In: Ingle JI,
Bakland LK, editors. Endodontics. fifth ed. Hamilton - London: BC Decker Inc;
2002. p. 95–174.
45. Kaste LM, Gift HC, Bhat M, Swango PA. Prevalence of incisor trauma in persons
6-50 years of age: United States, 1988-1991. J Dent Res. 1996:696-705
46. Glendor U. Epidemiology of traumatic dental injuries–a 12 year review of
the literature. Dent Traumatol. 2008;24:603–11.
47. Bastone EB, Freer TJ, McNamara JR. Epidemiology of dental trauma: a review
of the literature. Aust Dent J. 2000;45:2–9.
48. Bakland LK. Endodontic considerations in dental trauma. In: Ingle JI, Bakland
LK, editors. Endodontics. fifth ed. Hamilton - London: BC Decker Inc; 2002. p.
795–844.
49. Francisco SS, Filho FJ, Pinheiro ET, Murrer RD, de Jesus SA. Prevalence of
traumatic dental injuries and associated factors among Brazilian
schoolchildren. Oral Health Prev Dent. 2013;11:31–8.
50. Idrees SR, Fujimura K, Bessho K. Dental trauma related to general anesthesia:
should the anesthesiologist perform a preanesthetic dental evaluation? Oral
Health Dent Manag. 2014;13:271–4.
51. Newland MC, Ellis SJ, Peters KR, Simonson JA, Durham TM, Ullrich FA, Tinker
JH. Dental injury associated with anesthesia: a report of 161,687 anesthetics
given over 14 years. J Clin Anesth. 2007;19:339–45.
52. Manka-Malara K, Gawlak D, Hovhannisyan A, Klikowska M, Kostrzewa-Janicka
J. Dental trauma prevention during endotracheal intubation–review of
literature. Anaesthesiol Intensive Ther. 2015;47:425–9.
53. Chen JJ, Susetio L, Chao CC. Oral complications associated with
endotracheal general anesthesia. Ma Zui Xue Za Zhi. 1990;28:163–9.
54. Chadwick RG, Lindsay SM. Dental injuries during general anaesthesia. Br
Dent J. 1996;180:255–8.
55. Jafarzadeh H, Abbott PV. Review of pulp sensibility tests. Part I: general
information and thermal tests. Int Endod J. 2010;43:738–62.
56. Jones VR, Rivera EM, Walton RE. Comparison of carbon dioxide versus
refrigerant spray to determine pulpal responsiveness. J Endod. 2002;28:531–3.
57. Evans D, Reid J, Strang R, Stirrups D. A comparison of laser Doppler
flowmetry with other methods of assessing the vitality of traumatised
anterior teeth. Endod Dent Traumatol. 1999;15:284–90.
58. Jafarzadeh H. Laser Doppler flowmetry in endodontics: a review. Int Endod
J. 2009;42:476–90.
59. Abd-Elmeguid A, Yu DC. Dental pulp neurophysiology: part 2. Current
diagnostic tests to assess pulp vitality. J Can Dent Assoc. 2009;75:139–43.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

