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Aims: To develop an equation capable of relating the evolution of oral pain to
the time elapsed, measured from the moment of dental archwire fitting and
identifying when pain begins, peaks, and ends; and secondly, to compare pain
during orthodontic treatment in relation to archwire material (steel or nickel-
titanium [Ni-Ti]) and position (maxillary or mandibular) and patient age (child,
teenager, or adult) and gender (male or female). Methods: A longitudinal
prospective cohort study was conducted of 112 patients who filled in a scale
to evaluate pain, noting the times when the pain occurred. The total sample
consisted of 60 males and 52 females with a mean (+ standard deviation [SD])
age of 19.8 £ 6.2 years. The sample was divided into five groups depending
on archwire material and position, and patient age and gender. A univariate
four-way ANOVA model was performed to compare mean pain levels between
groups. Bonferroni test was used for multiple comparisons. A univariate non-
linear regression model was carried out for pain level, 95% confidence intervals
(95% ClI) were calculated, and the statistic R? was used. Results: An equation
was developed based on pain levels in relation to time elapsed, measured from
the moment when the archwire had been fitted in the mouth. The equation had
three coefficients related to mean pain values: overall pain, peak pain, and how
pain decreased. It fitted all study groups with a correlation coefficient > 0.9.
The model showed that pain levels were influenced by archwire material and
patient gender and age, but not archwire position. Conclusion: The equation
reproduced the data registered and can be applied to studies of pain derived
from archwires, and this methodology could be used for other external agents
fitted in the mouth. Patients receiving dental treatment involving external agents
can be made aware of the pain they can expect to experience. This will enable
them to distinguish expected pain from other pain, which will help them identify
other pathologies requiring medical attention and to approach treatment with
better motivation since the pattern of pain evolution is known in advance.
J Oral Facial Pain Headache 2017;31:172-179. doi: 10.11607/0fph.1723
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rthodontic movement produces inflammatory reactions in the

periodontium and pulp that stimulate the production of biochem-

ical mediators and cause oral pain.'? Patients experiencing this
pain during orthodontic treatment have reported this condition as an im-
portant factor in their decision to reject or interrupt treatment.®~¢ Detailed
and accurate information about the pain associated with each particular
procedure will help patients cope with treatment. Various authors have
described this type of oral pain and the different factors that modify it,
which included gender, personality, and previous experience of pain in
dental treatment. Several studies report that once orthodontic archwires
are fitted in the mouth, oral pain appears approximately 4 hours after
the archwires begin to apply force to the teeth and decreases after 24
hours, maintaining a plateau of lower intensity for 2 to 3 days. The pain
finally starts to diminish on the fifth or sixth day, disappearing complete-
ly by the seventh day.®”'® These reports have described pain evolution
on the basis of personal observation, which has generated considerable
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variation between reports. None have defined the ex-
act times when pain increases or decreases or the
factors influencing pain levels such as archwire mate-
rial and position, and patient age and gender.

Orthodontic archwires can be made of different
materials such as steel or Nickel-Titanium (Ni-Ti),
the latter being the most commonly used. They ex-
ert force in different ways since different materials
have different stress-strain curves; ie, the bending
moment applied by steel arches must be higher than
that of Ni-Ti arches in order to achieve the same de-
flection.'® It is possible that the differing behavior of
different materials has no influence on pain, and al-
though there is some controversy on this point, very
few studies have investigated pain in relation to arch-
wire type.'”'8

In this context, the aims of this study were firstly
to develop an equation capable of relating the evolu-
tion of oral pain to the time elapsed, measured from
the moment of dental archwire fitting and identifying
the points when pain begins, peaks, and ends; and
secondly, to compare pain during orthodontic treat-
ment in relation to archwire material (steel or Ni-Ti)
and position (maxillary or mandibular), and patient
age (children, teenagers, or adults) and gender (male
or female).

Materials and Methods

The study protocol was approved by the Ethics
Committee for Research Involving Human Subjects at
the University of Valencia, Spain (H1337808714794).
Rights have been protected by the Institutional
Review Board. All subjects gave their informed con-
sent to take part in the study. Any data that might dis-
close the identity of the subjects under study have
been omitted. This longitudinal prospective cohort
study was designed following the Helsinki declara-
tion and the STROBE statement,'® with pain levels as
the outcome.

A total of 175 patients attending the Orthodontic
Clinic at the University of Valencia (Spain) between
January 2013 and March 2014 who were to under-
go treatment with some type of fixed appliance were
selected by one of the authors (V.P.). After receiving
information about the study, a total of 160 patients
were willing to take part; 15 did not wish to partici-
pate for personal reasons. The positive response rate
was 91.4%.

Power analysis showed that a sample size of 100
patients would provide an 80% probability of detect-
ing a medium effect (f = 0.2) associated with the in-
teraction term, with an ANOVA model at a confidence
level of 95% and assuming a correlation of 0.45
among repeated measurements.
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Inclusion criteria were: Patients who were to un-
dergo orthodontic treatment with brackets bonded
to the maxillary and/or mandibular arch; orthodontic
treatment not involving dental extractions; patients
with good oral and periodontal health; dental class
I malocclusion with arch discrepancy of less than
5 mm and teeth rotations less than 45 degrees (mea-
sured on stone casts); and patients to be fitted with
ovoid form archwires.

Exclusion criteria were: patients taking any med-
ication during treatment; and orthodontic treatment
with molar bands or extraoral dental appliances that
could cause additional pain during treatment.

The final total sample was 112 patients, divided
into five different groupings depending on the four
different variables that could affect pain levels: arch-
wire material and position, and patient gender and
age. The five groups were as follows:

1. One general study group: All 112 patients

2. Two archwire material groups: 63 Ni-Ti archwire
patients and 49 steel archwire patients

3. Two archwire position groups: 70 maxillary
patients and 42 mandibular patients

4. Two gender groups: 60 male patients and
52 female patients

5. Three age groups: 37 children under the age
of 14 years; 29 teenagers between the ages of
14 and 18 years; and 46 adults over the age of
18 years

All patients were treated with Standard Edgewise
brackets with a slot size of 0.18 in (Integra, Rocky
Mountain Orthodontics-RMQ), and all arches had
the same arch form (Ovoid Arch Form—QOrthoForm lIl,
3M Unitek). As soon as the orthodontic archwire—ei-
ther 0.014-in stainless steel (single-stranded) or Ni-Ti
archwire, both supplied by the same manufacturer
(3M Unitek)—had been fitted in the mouth at the start
of treatment, the patients filled in a scale designed as
a combination of a verbal rating and a picture scale to
evaluate pain (V-P scale) (Fig 1).

Patients were instructed in the use of the V-P
scale. Each patient specified the level of pain experi-
enced daily from day 1 to day 14, classifying the time
pain was experienced.

Archwire ligation was performed with stainless
steel ligatures achieving complete engagement. The
assignation of either Ni-Ti or steel archwires was per-
formed sequentially as patients attended the clinic.

Since pain scales for children and preadolescent
patients have been shown to be less reliable when
they use terms such as no pain, mild, moderate, or
severe pain, or even numbers (0, 1, 2, or 3), the study
used faces since the faces pain rating scale has ex-
hibited validity and reliability in terms of children’s
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Table 1 Mean Values of Pain Duration Obtained
from Surveying the Study Groups

Mean
Group value SD Min Max Pyvalue
General 476 2.2 0 10
Archwire material
Ni-Ti 4.43 2.2 0 10 .04*
Steel 5.21 2.4 2 10
Patient gender
Male 473 2.2 2 10 912
Female 478 2.3 0 10
Patient age
Children 3.20 0.8 2 4 .06
Teenagers 4.50 2.2 1 10
Adults 5.29 238 0 10
Archwire position
Maxillary 478 2.4 0 10 .995
Mandibular 4.80 2.0 2 10

Fig 1 Combination of a verbal rating and a picture pain
assessment scale. 0 = no pain; 1 = mild pain; 2 = moderate pain;
3 = severe pain.

pain perception.?’ All subjects were also asked to
specify the time of day when they experienced pain.
Patients stopped filling in the V-P scale when 2 con-
secutive days with no pain had passed.

The three variables considered in the study were:

1. Mean pain duration: Mean time of pain duration
played the role of an outcome and is described
according to the independent variables archwire
material, archwire position, patient gender, and
patient age in Table 1.

2. Time elapsed: Time elapsed from the moment
when the archwires were fitted. Time of day
indicated on the scale was transformed into a
time criterion: 4 hours after leaving the clinic,
and thereafter every 8 hours. Theoretically, the
pain scale covered a 14-day period (although
the study came to a natural end after 10 days
as patients no longer experienced pain) after
starting orthodontic treatment, expressed
as units/hours. Time elapsed was taken as a
predictor variable in the non-linear regression
model.

3. Mean pain level for each time interval: The mean
pain level was the primary research outcome and
played the role of dependent variable in the non-
linear model.

Statistical Analysis
Data obtained were entered on a spreadsheet using
Microsoft Excel 2011 (Microsoft Corp) by ML and RS
and transferred to the statistical software package
SPSS v.19.9 for analysis.

A univariate four-way ANOVA model was per-
formed to compare mean pain levels between arch-
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SD = standard deviation. *Statistically significant differences at P < .05.

wire material, archwire position, patient age, and
patient gender groups. The Bonferroni test was used
for multiple comparisons. Differences were consid-
ered significant when the P value was < .05.

A univariate non-linear regression model was car-
ried out for pain level as outcome or dependent vari-
able, expressed as a continuous scale, and time as
predictor or exposure variable when the archwire was
fitted (Time). One model for each level of each inde-
pendent factor was obtained. The type of model used
was an additive combination of an exponential term
with an order 3 polynomial. No confounders were re-
garded in the analysis. Each level of a factor (arch-
wire material, archwire position, patient age, patient
gender) was assumed as strata from which a differ-
ent regression equation was obtained.

Confidence intervals (95% CI) for the fitting pa-
rameters were calculated, and the statistic R> was
used to estimate the goodness of fit.! Fitting param-
eters were considered to provide a statistically signif-
icant difference whenever a 95% CI did not overlap.

Results

Of 117 patients originally included in the study, 5 who
had filled out the V-P scale incorrectly or had forgotten
to record data at some time were later eliminated from
the study (a dropout rate of 4.2%; 3 females and 2
males, mean age of 21.2 years). So the final sample
consisted of 112 patients (60 males and 52 females)
with a mean (£ SD) age of 19.8 £ 6.2 years, ranging
from 9.5 to 34.2 years of age. A total of 49 patients
were treated with steel archwires (mean age of 19.2
years) and 63 patients with Ni-Ti archwires (mean age
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of 24.1 years). Of the patients fitted with steel arch-
wires, 31 were fitted to the maxillary arch and 18 to the
mandibular arch; for Ni-Ti archwires, 39 were fitted to
the maxillary arch and 24 to the mandibular arch.

The total sample was divided into five different
groupings, depending on the four variables (archwire
material, archwire position, patient age, and patient
gender), which played the same roles in the models
as predictor variables.

The ratios of males to females within each type
of archwire, the position of the archwires, and age
groups showed no statistically significant differences
(P =.746; P =. 766; and P = .091, respectively).

Pain Duration
Table 1 shows the mean duration of pain obtained
from the scale data by study group. Mean pain dura-
tion in the whole sample (general study group) was
4.8 + 2.2 days. Statistically significant differences
were found in relation to archwire material and pa-
tient age group. Pain lasted an average of 3.2 days
among children, 4.5 days among teenagers, and 5.3
days among adults. None of the patients reported
pain after the tenth day, which meant that the study
focused on the period between 4 and 224 hours after
archwire fitting.

These results can also be seen in the pain evolu-
tion model, as follows.
Model of Pain Level Dependence Over Time
Related to Study Variables
Figure 2 shows mean pain levels in the general study
group over time from 4 hours after archwire fitting to
224 hours, and the maximum pain duration reported
by patients. From about 20 hours after fitting the arch-
wire, the pain level seemed to undergo an exponen-
tial decrease given by bxe**T, where b corresponds
to the pain level at time zero, and ¢ represents the
speed with an exponential trend toward zero as time
passes; initial pain values (before 20 hours) did not fit
this exponential decrease but started at low values,
increased, and reached a peak, after which they fol-
lowed the exponential decrease described. So, in or-
der to fit the initial pain level values, it was necessary
to subtract much larger values from the exponential
to bring them closer to zero. This is a reciprocal func-
tion (-axT?), as the factor T tends toward infinity as
time tends to zero, and the coefficient a modulates
the value of the function for fitting. Furthermore, T3
decreases rapidly for large T values, so after a few
hours this term becomes negligible and pain level
evolution is characterized by exponential decay.

When these factors were taken into consider-
ation, pain level data was fitted to the following func-
tion: Pain level = -axT® + bxe°*T, where T is the
time elapsed from the moment when the archwire
was fitted and a, b, and c are the fitting coefficients,
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Fig 2 Main pain level in arbitrary units (au) vs time elapsed from
archwire placement to the tenth day for the general patient group
(n = 112). The horizontal dashed lines represent the cut-off values
for pain level between acute and moderate, and between moderate
and mild. The fitted line corresponds to (PL=-a X T?+ b X e*T),
where a, b, and c are the fitting coefficients. Standard deviation
(SD) values for the mean data are provided.

illustrated in Table 2 (general group). The fitted curve
is shown in Fig 2 with SD values for the mean data.
The equation’s coefficient a represents the pain level
reached at peak pain during the first hours after the
archwires were fitted. Coefficient b represents the
pain level during the study period, and c represents
the speed of decrease in pain.

Figure 3 shows the results of applying the same
equation to mean pain levels in each of the other
study groups: archwire material, archwire position,
gender, and age. SD values for the mean data varied
from 0.02 to 0.16.

The values of the corresponding coefficients are
shown in Table 2, together with the 95% CI for these
parameters and the value of R? for each fitting. These
values indicate a statistically significant difference
between values for all three coefficients in the cases
of archwire material (Ni-Ti/steel) and age. There was
also a statistically significant difference between a
and b for gender, but arch position (maxillary or man-
dibular) did not show statistically significant differ-
ences between any of the coefficients.

Evolution of Pain Over Time

By applying the equation detailed above, it is possi-
ble to predict the mean pain level at any point in time.
Therefore, the peak pain value, peak pain time, peak
pain duration, and time from fitting the arch to mild
pain could be quantified for all the groups analyzed.
These are the most relevant values for analyzing pain
evolution.
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Fig 3 Pain level (in au) vs time (h) elapsed from archwire placement to the tenth day for the four variables: (a) archwire material (Ni-Ti
and steel), (b) archwire position (maxillary and mandibular), (c) gender (male and female), and (d) age (children, teenagers, and adults).
The horizontal dashed lines represent the cut-off values for pain level between acute and moderate, and between moderate and mild.
The fitted lines correspond to (PL = —a X T2+ b X e *T), where a, b, and ¢ are the fitting coefficients. Standard deviation values for the

mean data varied from 0.02 to 0.16.

To formulate this categorization, the peak pain
value for the total sample (general study group)
was considered to be 1.85 arbitrary units (au)
(Fig 2). Therefore, mild pain was considered to be
< 0.5 au (approximately 30% of peak pain), moderate
pain to be between 0.5 and 1.5 au, and acute pain to
be more than 1.5 au (about 75% of maximum peak

176 Volume 31, Number 2, 2017

pain). These cut-off values are shown in Figs 2 and 3.
In this way, applying the equation to the data makes
it possible to determine the moment of each cut-off
value (0.5 au and 1.5 au). Table 3 shows peak pain
value, peak pain time, peak pain duration, and time to
mild pain in each study group.
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Discussion Table 2 Values of Parameters a, b, and c, and

) ) _ _ 95% Confidence Intervals (95% CI)
This study has provided information about Corresponding to the Nonlinear Equation
the characteristics of orthodontic pain and (Pain Level = —a X T3+ b x e*T) Developed
set out to develop a formula on the basis of for the Study of the Pain Level from the Time
patients’ self-reported perception of pain, from Fitting Archwires for the Studied Groups
a subjective phenomenon, rather than on 95% ClI
the physiologic ba§|s Qf the pain. The V-P Typical Lower Upper
scale used for registering pain in the pres- Group  Coefficient Value error limit limit R?
ent study had just four scores while other  General a 75.2 5.4 64.2 86.2 087
scales award 10 possible scores; this 0—-3 b 2.26 0.06 215 2.38

c 0.015 0.0001  0.014 0.016

scale model was chosen because of its sim- . .
Archwire Material

plicity, since over half the study sample (66

a 100.8 6.1 88.2 113.3 .987
patients) were under the age of 18 years (37 Steel b 2.56 0.06 2.43 2.68
children under the age of 14 years and 29 ¢ 0.015 0.001 0.014 0016
a 70.4 8.8 52.4 88.5 .964
adolescents between the ages of 14 and 1.8 NiTi b 919 0.09 193 9.3
years). The study also used a four-face pain c 0.017  0.001 0015 0019
rating scale (directly matched to the 0-3  Gender s17 73 165 68 o7
: Al a 5 g ! b .
_scor(_as_), which h_as_been sho_wn to exh.lb Male " 000 009 103 030
it validity and reliability for pain perception c 0.015 0.001 0.013 0.016
among children who may be unfamiliar with a 9421.1 588 72.128 113.6152 977
f o : _ Female b 45 . . .
or misinterpret termg such as mild, moder . 0016 0001 0015 0018
ate, severe, etc.”° This allowed an adequate  pge
degree of homogeneity among the total a 1025 7.0 88.2 116.8 .986
mole of patient r n hildren. teen-  Children b 277 0.09 259 2.94
sample odpadelt )espdo_ses (C d T ’tefe _ c 0.022 0.001 0.021 0.024
agers, and adults) and is an important fea a 104.0 133 767 1313 947
ture of the study design. Teenagers b 2.71 0.13 244 2.97
Orthodontic fixed appliances are known c 62-213 g-gm 42-2” 82-815 o5
. . : . . a , _ : . _
to |ndgce pain and discomfort in patients, Adults b 187 008 170 205
and this may depend on a range of factors. c 0013 0001 0011 0.014
But pain perception is individual in nature  Archwire Position
and may have been influenced by factors , a 770 66 633 906 984
. . Maxillary b 2.42 0.07 2.28 2.66
that were no_t con3|der_ed in the stu_cly, c 0016 0001 0015 0017
such as the differences in pain perception a 89.3 7.3 74.3 104.4 976
between children, teenagers, and adults Mandibular b 2.26 0.08 2.10 2.41

db biectiv nd obiective factor © 0.016 0.001 0.014 0.017
cause y subjective a objective tactors a, b, and c are fitting coefficients; a represents the pain level reached at peak pain

(bone density, velocity of tooth movement, during the first hours after the archwires were fitted; b represents the pain level during
previous pain experiences, etc), the study period; and c represents the speed of decrease in pain.

The force release of orthodontic arch-
wires depends largely on their dimensions — RETIERIVEIIECR ST W LENE RN RV R SPET Q2T R T T
and shape,'® and so the study used a single Peak Pain Duration, and Mild Peak Time

steel and Ni-Ti ovoid form 0.014-in wire. All Peak pain  Peak pain  Peak pain  Mild peak

wires were supplied by the same manufac-  Group level (au)  time (h) duration (h) time (h)
turer, as wires from different manufacturers General 1.87 9.5 22 100
may behave differently. Alil?hT‘{Vire material 73 00 s o6
. . . =11 . . .

Paln. varies at different stages of or Steel 210 95 51 109
thodontic treatment, so the present study  patient gender
focused on pain experienced in the initial Male 1.68 9.0 13 88
stage in order to eliminate a possible bias. Female 199 95 25 98
Force release is also dependent on the  Fatentage

P . Children 1.59 9.0 10 104

amount and type of tooth displacement Teenagers 203 9.0 045 926
that the archwire is required to perform, so Adults 252 10.0 28 77
one of the inclusion criteria was to recruit Archwire position

tients with dental Class | malocclusion Maxillary 192 20 % o
patients Mandibular 1.85 90 28.5 98

and arch dlscrgpanmes of less than 5 mm Peak pain time = the mean time elapsed from archwire fitting to peak pain; Mild peak
and teeth rotations less than 45 degrees, time = the mean time elapsed from archwire fitting to mild pain; au = arbitrary units.
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excluding other malocclusions that might involve
greater and/or different tooth displacements.

The pain assessment scale registered data from
112 patients. Pain was seen to cease 3 days after
archwire fitting at the earliest and up to 10 days at the
latest, so the study focused on this period. Indeed,
pain ceased within this time frame without exception.

Pain Duration

Mean pain duration (number of days with pain) was
approximately 4.8 days, a similar finding to previous
studies,®>”91018.22 which have found that pain after
archwire insertion persists for an average of 5 days.
Statistically significant differences were found for the
archwire material variable: Patients with Ni-Ti arch-
wires suffered pain for approximately 4.4 days, a sig-
nificantly shorter time than the 5.2 days endured by
patients fitted with steel archwires. There were also
differences between the three age groups: pain last-
ed an average of 3.2 days among children, 4.5 days
among teenagers, and 5.3 days among adults. No
statistically significant differences were identified for
the variables archwire position or patient gender.

Pain Level Dependence Over Time Related to
the Four Study Variables

With regard to the evolution of pain over time (pain
level), the developed equation reproduced the quali-
tative observations made by other authors.®23-25 Al
groups showed an initial increase in pain that peak-
ed some 10 to 15 hours after the archwire was fitted;
thereafter, pain decreased progressively until it be-
came mild. This last period varied from 3.5 to 4.5 days,
depending on the group. Pain had disappeared com-
pletely in all groups within 10 days after archwire fitting.

No other study has used an equation to predict pain
levels or to identify the moment of peak pain produced
by orthodontic treatment, so the present results can-
not be compared with any other research. The equa-
tion developed in the study made it possible to predict
the evolution of pain: when pain is likely to peak, how
long peak pain will continue, and when pain is likely
to diminish to a level of mild discomfort. Logically, this
equation applies only to the first archwire.

The following sections analyze the influence of
the four variables on pain levels and on the evolution
of pain over time.

Variable 1: Material

Patients with steel archwires suffered a higher initial
pain level than those with Ni-Ti archwires (statistically
significant difference in coefficient a) and higher pain
throughout the rest of the study period (statistically
significant difference in coefficient b). However, a
parallel decrease in pain levels was produced during
both periods (statistical equality in coefficient c). Pain
peaked at the same time in both groups, but was
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higher with steel archwires and lasted longer. Patients
with Ni-Ti archwires also reached the mild pain level
more quickly than patients with steel archwires. Few
studies have compared pain in relation to archwire
material, and there is some controversy regarding the
material’s influence on pain as, contrary to the pres-
ent results, some studies have found no difference in
pain between the two archwire materials.'®'®
Variable 2: Gender

It was found that females reported more pain than
males when pain reached its peak, but also that their
pain decreased more rapidly (statistically significant
differences in coefficients a and c, respectively).
However, the average level of pain during the whole
study period was similar (no statistically significant
difference in coefficient b). Although females expe-
rienced higher peak pain (1.99 au for females versus
1.68 au for males) and it lasted 12 hours longer, pain
evolution after that point was such that both males
and females reported mild pain at approximately the
same time, 4 days after the arch was fitted. These
results agree with research by Erding and Dinger,'*
as well as Krishnan,' who claimed that females were
more sensitive to pain while males tolerated it better.
Variable 3: Age

Peak pain was more pronounced in children and last-
ed an average of 28 hours, but then reduced quickly
to a mild level in 3.2 days. The pattern was different
for adults, who experienced peak pain for an average
of 11 hours that diminished to mild pain levels in 4.3
days. Teenagers were in between these two groups
in terms of peak pain level, which lasted an average of
25 hours and diminished to a mild level within 4 days.
Most authors have concluded that adult patients ex-
perience more pain than young people,®71012.22.25
although some studies have reported that teenagers
experience more pain than adults." These findings
are reflected in the evolution of pain observed in the
present study: Although children and teenagers ex-
perienced higher levels of peak pain, the pain dimin-
ished faster than in adults.

Variable 4: Position

With respect to the influence of archwire position
(maxilla or mandible) on pain, the present study
showed that there was no statistically significant
difference in any fitting coefficient, so position was
found to have no effect on pain levels.

On the basis of the information obtained in the
present study, it is possible to provide patients with
an account of the kind of pain they can expect to ex-
perience after receiving an archwire, as well as how
long it is likely to endure. This is a great help in pre-
paring and motivating the patients before treatment
begins and has the added advantage of enabling the
patients to differentiate between pain arising from or-
thodontic treatment and other forms of dental pain.
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Conclusions

The equation developed in this study accurately pre-
dicts the evolution of pain derived from fitting ortho-
dontic archwires. It can predict the level, time, and
duration of peak pain and the moment when patients
can expect the pain to diminish to a level of mild dis-
comfort according to the archwire material selected
and the patient’s gender and age group.

Acknowledgments

The authors thank William James Packer, professional English
language editor, for translating the manuscript. The authors report
no conflicts of interest.

References

1. Krishnan V. Orthodontic pain: From causes to management—A
review. Eur J Orthod 2007;29:170-179.

2. Barbieri G, Solano P, Alarcon JA, et al. Biochemical markers of
bone metabolism in gingival crevicular fluid during early ortho-
dontic tooth movement. Angle Orthod 2013;83:63-69.

3. Oliver RG, Knapman YM. Attitudes to orthodontic treatment.
Br J Orthod 1985;12:179-188.

4. Kvam E, Gjerdet NR, Bondevik O. Traumatic ulcers and pain
during orthodontic treatment. Community Dent Oral Epidemiol
1987;15:104-107.

5. Scheurer PA, Firestone AR, Biirgin WB. Perception of pain as
a result of orthodontic treatment with fixed appliances. Eur J
Orthod 1996;18:349-357.

6. Barros Vde M, Seraidarian PIl, Cértes MI, de Paula LV. The
impact of orofacial pain on the quality of life of patients with
temporomandibular disorder. J Orofac Pain 2009;23:28-37.

7. Jones ML. An investigation into the initial discomfort caused by
placement of an archwire. Eur J Orthod 1984;6:48-54.

8. Williams JM, Murray JJ, Lund CA, Harkiss B, de Franco A.
Anxiety in the child dental clinic. J Child Psychol Psychiatry
1985;26:305-310.

9. Ngan P, Kess B, Wilson S. Perception of discomfort by patients
undergoing orthodontic treatment. Am J Orthod Dentofacial
Orthop 1989;96:47-53.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

283.

24.

25.

Larrea et al

Jones M, Chan C. The pain and discomfort experienced during
orthodontic treatment: A randomized controlled clinical trial of
two initial aligning arch wires. Am J Orthod Dentofacial Orthop
1992;102:373-381.

Ngan P, Wilson S, Shanfeld J, Amini H. The effect of ibuprofen
on the level of discomfort in patients undergoing orthodontic
treatment. Am J Orthod Dentofacial Orthop 1994;106:88-95.
Fernandes LM, Ogaard B, Skoglund L. Pain and discomfort
experienced after placement of a conventional or a superelas-
tic NiTi aligning archwire. A randomized clinical trial.J Orofac
Orthop 1998;59:331-339.

Firestone AR, Scheurer PA, Birgin WB. Patients’ anticipation
of pain and pain-related side effects, and their perception of
pain as a result of orthodontic treatment with fixed appliances.
Eur J Orthod 1999;21:387-396.

Erding AME Dinger B. Perception of pain during orthodontic
treatment with fixed appliances. Eur J Orthod 2004;26:79-85.
Polat O, Karaman Al. Pain control during fixed orthodontic ap-
pliance therapy. Angle Orthod 2005;75:214-219.

Proffit WR, Fields HW, Sarver DM. Contemporary Orthodontics,
ed 5. St Louis: Elsevier/Mosby, 2012.

Fuck LM, Drescher D. Force systems in the initial phase of or-
thodontic treatment—A comparison of different leveling arch
wires. J Orofac Orthop 2006;67:6—18.

Jian F, Lai W, Furness S, et al. Initial arch wires for tooth align-
ment during orthodontic treatment with fixed appliances.
Cochrane Database Syst Rev 2013;(4):CD007859.

von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC,
Vandenbroucke JP. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) Statement:
Guidelines for reporting observational studies. Int J Surg 2014;
12:1495-1499.

Ferreira-Valente MA, Pais-Ribeiro JL, Jensen MP. Validity of
four pain intensity rating scales. Pain 2011;152:2399-2404.
Cameron AC, Windmeijer FAG. An R-squared measure of
goodness of fit for some common nonlinear regression mod-
els. J Econom 1997;77:329-342.

Jones ML, Richmond S. Initial tooth movement: Force applica-
tion and pain—A relationship? Am J Orthod 1985;88:111-116.
Bergius M, Kiliaridis S, Berggren U. Pain in orthodontics: A
review and discussion of the literature. J Orofac Orthop 2000;
61:125-137.

Bergius M, Berggren U, Kiliaridis S. Experience of pain during
an orthodontic procedure. Eur J Oral Sci 2002;110:92-98.
Giannopoulou C, Dudic A, Kiliaridis S. Pain discomfort and
crevicular fluid changes induced by orthodontic elastic sepa-
rators in children. J Pain 2006;7:367-376.

Journal of Oral & Facial Pain and Headache 179

© 2017 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.





