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Abstract: The early stages of orthodontic treatment are frequently associated with pain that can vary
in intensity and duration, representing one of the main reasons for treatment discontinuation. Whilst
the use of drugs is recognised as being effective to control orthodontic pain, there are no reliable data
indicating the best first archwire for efficacy and minimum discomfort. A prospective controlled
cohort study was conducted to compare the intensity and the characteristics of orthodontic pain
during the first 15 days of treatment with 2 archwires. Fifty subjects were enrolled and divided into
two groups: one received 0.012 inch stainless steel (SS) as the first archwire; the other, a 0.014 inch
super-elastic nickel–titanium (Ni-Ti) archwire. Patients compiled a visual analogue scale to measure
pain intensity over 15 days, a questionnaire for pain characteristics, the Somatosensory Amplification
Scale and the State-Trait Anxiety Inventory to control the psychosocial component of pain. Dental
casts were digitally analysed to evaluate the initial arch length discrepancy. In the first 3 days of
treatment, the mean VAS values of the SS group were significantly lower than those of the Ni-Ti group
(p < 0.05). No significant differences emerged between the groups concerning pain characteristics.
The 0.012 inch SS archwire could be used at the beginning of orthodontic treatment to minimise pain
perception and improve compliance.

Keywords: orthodontics; orthodontic pain; orthodontic archwire; pain

1. Introduction

Orthodontic treatment aims to reach a full alignment of teeth and the optimal coordi-
nation of upper and lower maxillary bones in order to obtain an aesthetic harmony of a
smile and face within the anatomical and functional limits of the patient. Clinical effective
alignment should aim to aid the optimal speed of tooth movement, inducing the minimum
level of discomfort for the patient [1].

The International Association for the Study of Pain reported an exhaustive definition
of pain that was described as “an unpleasant sensory and emotional experience associated
with, or resembling that associated with, actual or potential tissue damage” [2]. Therefore,
pain sensation is the result of sensory, affective and cognitive components, involving several
psychological processes. Pain stimulates both behavioural and emotional reactions that
can in turn influence its perception to a variable extent, depending on character traits. In
this regard, the literature reports that the presence of somatosensory amplification and trait
anxiety entail increased pain perception, both quantitative and qualitative [3–5]. A recent
study investigating the effect of clinical, demographic, psychological and genetic factors
on pain levels experienced during fixed orthodontic treatment reported that pain in teeth
is mainly related to the introduction of a fixed appliance rather than to the force applied,
and patients with high catastrophising scores report higher values of discomfort [6]. Pain
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represents a common side effect during fixed orthodontic treatment, conditioning the
treatment acceptance more than the social discomfort caused by the braces [7]; furthermore,
treatment discontinuation and poor compliance have been attributed to pain experienced
in the early stages of orthodontic therapy [8]. Consequently, pain prevention and reduction
should be the main concerns of an orthodontist. According to the literature, fixed appli-
ances cause higher pain intensity and teeth sensitivity than removable appliances [9]; the
discomfort starts 2 h after the application of the forces [10], raises over the next 24–48 h and
tends to disappear within 6–7 days [11]. Despite non-steroidal anti-inflammatory drugs
(NSAIDs) being widely used to reduce pain perception during orthodontic treatment [12],
it has been shown that this class of drugs can reduce the rate of tooth movement [13,14]
through the inhibition of prostaglandins. Considering also systemic side effects such as
gastrointestinal, renal and hepatic toxicity [15,16] brought about by NSAIDs, their use in
orthodontics should be reconsidered. As far as archwires are concerned, several studies
investigated which archwire was more effective in terms of alignment, pain provoked
and consequent root resorption, achieving contrasting results [17–20]. A few studies have
made comparisons between different archwires viz. super-elastic nickel–titanium (Ni-Ti)
and multi-stranded stainless steel (SS) archwires [19,21–23] and conventional Ni-Ti and
super-elastic Ni-Ti archwires [17,24], but no conclusions can be drawn concerning the
differences in the rate of alignment or pain [25]. No data are available on the possible
differences between single-strand SS and different types of Ni-Ti archwires. There is a
lack of well-designed and conducted investigations to determine if the performance of the
initial arch material makes a clinically relevant difference to the alignment of teeth and
pain in the initial stage of orthodontic treatment [25,26]. Moreover, clinical observations
have suggested the existence of a direct relationship between the degree of crowding and
the intensity of pain perception after the application of orthodontic forces [27], but other
studies have reported no statistically significant correlation among these parameters [18].
The aim of this prospective controlled cohort study was to compare the perception of pain
experienced using a 0.014 inch super-elastic Ni-Ti and a 0.012 inch SS wire during the first
15 days of orthodontic treatment.

2. Materials and Methods

A prospective controlled cohort study was conducted on patients recruited at the
Department of Medical and Surgical Specialties, section of Orthodontics, University of
Brescia. The study protocol was approved by the Ethics Committee of the University of
Brescia, with the number NP4160.

The inclusion criterion was healthy patients with more than 10 years [28] in permanent
dentition (with the exception of the second and third molars) who needed to undergo fixed
orthodontic appliance therapy. The exclusion criteria were the presence of acute dental
conditions (pulpitis, gingival or periodontal inflammation), orofacial pain and systemic
diseases that could modify pain sensitivity (i.e., diabetes and peripheral neuropathy) and
not self-reliant subjects, necessitating physical and psychological support for the difficulties
to understand the instructions and/or to report pain perception. Conditions that could alter
nociception were excluded, such as the concurrent use of anti-inflammatory and analgesic
drugs, antidepressants, anticonvulsants and oral contraceptives [29].

The fulfilment of the inclusion and exclusion criteria was assessed by an expert
operator with a clinical examination and the administration of an anamnestic questionnaire.

In order to control the psychosocial component of pain and to verify the homogeneous
distribution of subjects into groups, which represented their compatibility, the Somatosen-
sory Amplification Scale (SSAS) [4] and the State-Trait Anxiety Inventory (STAI) [30] were
administered to all the subjects included. The first questionnaire (SSAS) provides an assess-
ment of the propensity to detect and focus on normal physiological states or uncomfortable
bodily sensations and automatically interpret them as signs of a serious disease [31]. This
scale is a 10-item self-report questionnaire and the respondents rate the degree to which
each statement is “characteristic of you in general” on an ordinal scale of 1 to 5; SSAS
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scores over 30 may reflect a highly somatising condition (score range from 10 to 50) [4].
The STAI is a self-assessment questionnaire made up of 40 items, 20 on state anxiety and
20 on trait anxiety. The subjects report on a 1- to 4-point scale how much each sentence
describes their own personality, providing a measurement of how much anxiety affects
their character. The score can range from 20 to 80, and the higher the value, the more
anxious the individual, with a cut-off point of 40 suggesting possible clinically significant
symptoms [30]. The present study focused on trait anxiety, with the aim of identifying
stable conditions of anxiety regardless of a particular situation, viz. anxiety expressed as
habitual way of responding to external stimuli rather than as a contingent symptom. All
the participants signed an informed consent.

Dental impressions were taken using alginate Hydrogum 5 (Zhermack S.p.a., Rovigo,
Italy) and dental casts were made of extra-hard dental stone type 4. MBT pre-informed
brackets with a 0.22 slot (Mini Diagonal©, Leone Spa, Sesto Fiorentino, Italy) were bonded
on upper or lower teeth and the patients were divided into two groups: one received a 0.012
inch SS wire (AJ Wilcock Australian, PTY Ltd., Whittlesea, VIC, Australia) as a first archwire
whilst the other group received a 0.014 inch Ni-Ti super-elastic wire (Memoria©, Leone Spa,
Sesto Fiorentino, Italy). The archwires were tied with elastic orthodontic ligatures (Ormco,
West Collins Orange, CA, USA). The patients were blind to the type of archwire received
and the same orthodontist treated all the included patients.

After the placement of orthodontic appliances, an operator who was blinded to the
allocation group gave the same verbal information to all the included patients. Each subject
was asked to avoid analgesic drug assumption during the investigation and was instructed
to report the characteristics of the pain perceived during the following 15 days by means of
a questionnaire. The patients were instructed to compile a 100 mm visual analogue scale
(VAS) twice a day (about 8 AM and 8 PM), putting a mark at the level that best represented
their pain at the time of assessment, where 0 represented no pain and 100 represented “the
worst pain imaginable”, as previously described [32]. Every evening the patients were also
asked to report the quality of pain and the activities exacerbating discomfort, answering
yes or no to the following questions: “is pain compressive?”; “do you feel pain keeping
teeth in contact but not during active mastication?”; “do you feel pain while eating?”;
and “is the pain spontaneous?”. This questionnaire was previously administered [33,34]
to evaluate the quality and the intensity of orthodontic pain over time [34]. Dental casts
of each subject were photographed and analysed with the Delta-Dent (Outside Format,
Milan, Italy) digital program to evaluate the initial degree of arch length discrepancy (ALD)
(Figure 1): it refers to an imbalance between the available and required spaces in a dental
arch to accommodate all the teeth when perfectly aligned [35]. This measurement allowed
the evaluation of the comparability of groups concerning the degree of crowding so that
we could exclude this variable during the pain perception assessment.

2.1. Sample Size

Considering as a primary outcome the comparison of VAS values between the groups
at each time point and the results of a pilot study defining an α error = 0.05 and a
β error = 0.20, the effect size was 0.916 and the sample size required 21 patients for
each group.

2.2. Statistical Methods

The Shapiro–Wilk test demonstrated that the VAS and the ALD values of each group at
different times were deviated from normality; therefore, data were described using median
values and an interquartile range, and a non-parametric statistical analysis was performed.
Comparisons of the ALD and VAS values between the groups at each time point were
performed using the Mann–Whitney test. The Friedman test was performed in order to
compare the VAS values at different time points in each study group. The SSAS and TAI
questionnaire scores were compared between the groups using the t-test for independent
samples. A multiple linear regression was performed in order to investigate if the type of
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archwire, the amount of crowding and the SSAS score influenced the VAS values in the
first three days of treatment.
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3. Results

Starting from a group of 78 patients, 50 patients (20 males and 30 females, mean age
19.32 ± 8.96 years) were included in the study after the application of the inclusion and
exclusion criteria. Of these, 25 patients were assigned to the 0.012 SS group and 25 to the
0.014 Ni-Ti group. The sample is described in Table 1. No patients withdrew from the study.

Table 1. Sample description. The p-value refers to the comparison between groups (t-test for
independent samples or Mann–Whitney test).

Group Gender Age
(Mean ± SD)

Arch Length Discrepancy
(mm, Median and

Interquartile Range)

SSAS
(Mean ± SD)

TAI
(Mean ± SD)

0.012 SS (n = 25) (9M; 16F) 19.92 ± 9.4 −0.43 (−3.95–2.76) 21.88 ± 6.19 42.20 ± 6.01

0.014 Ni-Ti (n = 25) (11M; 14F) 18.32 ± 8.31 −1.7 (−3.70–4.40) 24.36 ± 5.41 43.36 ± 3.92

p-Value 0.564 0.528 0.764 0.138 0.423

The SSAS and STAI scores showed no statistically significant differences between the
groups (Table 1). The results obtained from the STAI scale revealed that subjects of both
groups reached scores higher than the cut-off point of 40, which indicated that all subjects
enrolled in this study reported a high level of anxiety. No statistically significant differences
between the groups were found concerning ALD (Table 1). These results confirmed the
comparability between the groups in terms of ALD, sensory amplification and anxiety.

There were statistically significant differences between the groups at T1, T3, T4, T5
and T6 (p < 0.05); the mean VAS values of the 0.012 SS group were significantly lower at
each time point when compared with those of the 0.014 Ni-Ti group, especially during
the most painful days (Figure 2 and Table 2). The linear regression analysis showed that
neither the archwire type nor the amount of crowding nor the SSAS score influenced the
VAS values in the first 3 days of treatment (p > 0.05).
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* Statistically significant difference at each time point between groups (p < 0.05); M = morning;
E = evening.

Table 2. VAS values in 0.012 SS and 0.014 Ni-Ti groups at each time point. Data are reported as mean
and interquartile ranges. The p-value refers to the comparison between groups at each time point
(Mann–Whitney test). * p < 0.05.

0.012 SS 0.014 Ni-Ti p-Value

T1 17.0 (4.0–26.0) 34.0 (8.5–58.0) 0.027 *

T2 26.0 (11.5–47.0) 41.0 (15.0–70.0) 0.268

T3 21.0 (4.0–33.0) 38.0 (20.0–65.5) 0.017 *

T4 13.0 (6.0–34.0) 33.0 (16.5–66.5) 0.046 *

T5 8.0 (2.0–24.0) 24.0 (11.0–57.5) 0.018 *

T6 9.0 (2.0–31.0) 32.0 (10.5–51.5) 0.039 *

T7 10.0 (1.0–17.0) 15.0 (2.0–46.5) 0.147

T8 6.0 (1.5–18.0) 15.0 (3.0–45.0) 0.117

T9 4.0 (0.0–16.0) 9.0 (1.5–37.0) 0.199

T10 3.0 (0.0–16.0) 6.0 (0.5–33.5) 0.250

T11 1.0 (0.0–11.5) 0.0 (0.0–35.5) 0.686

T12 0.0 (0.0–12.5) 0.0 (0.0–28.0) 0.833

T13 0.0 (0.0–3.0) 0.0 (0.0–30.5) 0.456

T14 0.0 (0.0–2.0) 0.0 (0.0–24.5) 0.241

T15 0.0 (0.0–2.0) 0.0 (0.0–15.0) 0.170

T16 0.0 (0.0–0.0) 0.0 (0.0–14.0) 0.135

T17 0.0 (0.0–3.5) 0.0 (0.0–12.5) 0.206

T18 0.0 (0.0–3.5) 0.0 (0.0–10.5) 0.256

T19 0.0 (0.0–1.0) 0.0 (0.0–6.5) 0.462

T20 0.0 (0.0–0.5) 0.0 (0.0–6.0) 0.615

T21 0.0 (0.0–0.5) 0.0 (0.0–5.5) 0.697
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Table 2. Cont.

0.012 SS 0.014 Ni-Ti p-Value

T22 0.0 (0.0–1.0) 0.0 (0.0–5.5) 0.840

T23 0.0 (0.0–0.0) 0.0 (0.0–1.0) 0.659

T24 0.0 (0.0–0.0) 0.0 (0.0–1.0) 0.639

T25 0.0 (0.0–0.0) 0.0 (0.0–1.0) 0.445

T26 0.0 (0.0–0.0) 0.0 (0.0–1.0) 0.532

T27 0.0 (0.0–0.0) 0.0 (0.0–1.0) 0.496

T28 0.0 (0.0–0.0) 0.0 (0.0–1.0) 0.505

T29 0.0 (0.0–0.0) 0.0 (0.0–1.0) 0.259

T30 0.0 (0.0–0.0) 0.0 (0.0–1.0) 0.290

From the analysis of the questionnaire, it emerged that in most subjects, pain occurred
immediately after the activation of orthodontic appliances (96% in the 0.012 SS group and
88% in the 0.014 Ni-Ti group, p = 0.555); only one subject in the 0.014 Ni-Ti group did
not feel pain during the examination period. No statistically significant difference was
found between the groups regarding the most painful day (p = 0.294); the most painful
day was the first day for 58% of all the subjects, the second day for 20% and the third
day for 12%. Moreover, no significant difference was found concerning the day of pain
disappearance; in 18% of all subjects, the pain never disappeared during the examination
time points (12% in the 0.012 SS group and 24% in the 0.014 Ni-Ti group, p = 0.495). The
pain characteristics are reported in Table 3. Pain during chewing was the most reported
by the subjects of both groups (84%), followed by compressive pain (78%), pain during
occlusion (48%) and spontaneous pain (40%). No statistically significant differences were
found between the groups.

Table 3. Pain characteristics. Frequency reported in number of subjects. The p-value refers to the
comparison between groups (χ2 test).

Compressive
Pain

Pain during
Occlusion

Pain during
Chewing

Spontaneous
Pain

0.012 SS (N = 25) 20 (80%) 14 (56%) 20 (80%) 9 (36%)

0.014 Ni-Ti (N = 25) 19 (76%) 10 (40%) 22 (88%) 11 (44%)

p-Value 0.733 0.258 0.440 0.564

4. Discussion

The aim of the present clinical study was to compare the perception of pain caused by
the activation of two different types of archwires during the initial orthodontic alignment
phase. No differences between the two archwires were found concerning the quality of
pain. The mean VAS values of the 0.012 SS group were lower than those of the 0.014 Ni-Ti
group at each time point, with a statistically significant difference in the first three days
of treatment (T1, T3, T4, T5 and T6), which were characterised by the higher level of pain
perceived. This outcome disagreed with the common opinion that light, continuous forces
exerted by super-elastic Ni-Ti wires induce low pain perception.

Concerning the occurrence of pain, the present results showed that it began immedi-
ately after the activation of arches in both groups (96% of the 0.012 SS group and 88% of
the 0.014 Ni-Ti group), and that in 58% of all subjects, a higher value of pain intensity was
reached on the first day of treatment, with no significant difference between the groups.
These data were in accordance with other authors who reported that pain started within
12 h and raised in the following 24–48 h [8,36].
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In 52% of subjects, the pain disappeared within 7 days of the appliance activation. Al-
though no significant difference was found between the groups, 48% of subjects reported pain
beyond 7 days and 9 subjects beyond 15 days after fixed appliance activation. Most of the
studies that have evaluated the characteristics of pain during an initial dental alignment with
a fixed orthodontic appliance performed a standard follow-up of 7 days [1,11,18,33,37–39];
however, the results obtained in the present investigation justified a longer follow-up
period and suggested its application in further clinical trials.

The Australian archwire is a high-tensile SS wire that is heat-treated to yield a higher
resilience than normal SS and produces high forces that dissipate over short periods. The
Ni-Ti archwires exert continuous forces and have a low modulus of elasticity, a high
springback and a low deactivation force.

Therefore, we could suppose that the heavier orthodontic forces expressed by the
0.012 SS archwire, characterised by a faster decay of intensity after their activation, could
cause a less traumatic biological response at the tooth level and, consequently, lower pain
perception and faster pain reduction compared with the lighter but continuous forces
expressed by the 0.014 Ni-Ti archwire.

One the most frequent methods used by orthodontists to reduce pain perception is the
administration of NSAIDs such as acetylsalicylic acid and ibuprofen. However, their use
should be discouraged because several studies have demonstrated that NSAIDs reduce the
rate of tooth movement [9,10,13,14] in addition to causing a number of other side effects
such as kidney and gastrointestinal toxicity and an increased cardiovascular risk [40–42].
The literature suggests several alternative methods to control orthodontic pain during
the initial alignment phase such as laser therapy [34,43], written information [44] and
supplemental vibrational forces [45], with contrasting results. Furthermore, in the early
stages of orthodontic therapy, the experience of pain reduces patients’ compliance [8]; thus,
the choice of the first archwire appears to be of crucial importance. The present study
suggested that a 0.012 inch SS archwire caused lower pain perception than a 0.014 Ni-Ti
archwire at the beginning of the orthodontic treatment. A large number of variables related
to the appliance or to a single subject can affect the reliability of pain reporting. The type
and material of the appliance with the age of the subjects and their metabolic profile should
be controlled [25].

In order to control these variables as much as possible, in this study all subjects received
the same orthodontic appliance and the mean age was comparable between the groups.
Subjects affected by systemic diseases or in therapy with drugs that could alter the metabolic
system or pain threshold were excluded. Moreover, pain is a biopsychosocial experience
that goes far from mere nociception; orthodontic discomfort seems to be related not only
to the magnitude of the force exerted on the teeth, but also relies on the psychological
wellbeing of the individual [8]. The control of the psychosocial component of pain by
means of SSAS and STAI scales represented a strength of the present investigation. These
questionnaires allowed us to verify the comparability of the two groups that resulted in
homogeneity. Despite the statistical comparability of the two groups, the slightly higher
values of crowding in the Ni-Ti group could have influenced pain perception.

Furthermore, although no correlation has been found between initial dental crowding
and the intensity of orthodontic pain [18], the ALD of each enrolled patient was also
evaluated to assess the baseline comparability between the groups. Data obtained from the
analysis demonstrated no statistically significant differences, so homogeneity between the
groups was also confirmed for this parameter. A limitation of the present study was that
the perception of pain during the initial alignment was not evaluated considering upper
and lower arch separately, and this was a confounding factor. In this regard, there is no
consensus in the literature concerning the possibility of different pain perception between
the maxillary or mandibular dental arch. Fernandes [17] reported a higher perception
of pain at the lower arch 11 h after the application of an orthodontic force; these data
were in accordance with another study in which orthodontic pain was induced by elastic
separators positioned at the level of the first molars [46]. However, many studies have not
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found a significant difference in pain perception between upper and lower jaws [33,34,39].
Due to the inter-individual variation related to pain perception, the ideal study design to
control this variable should be a crossover in which each patient represents the control for
themself. However, a “wash-out” period of a few months is mandatory to perform this type
of study in order to avoid bias related to pain memory [47]. This is not easily applicable to
patients who need to undergo orthodontic therapy with fixed braces. Methodologically
sound randomised controlled trials are needed to obtain standardised protocols that could
simplify the clinical practice, indicating the best archwire sequence to control orthodontic
pain. This aspect could be crucial to increase the cooperation of the patients.

Pain is a complex, multi-factorial experience that is influenced by gender, sex, systemic
conditions, social and psychological status. The sample of the present study was controlled
for the variables that could cause alterations in pain perception, and the results showed that
a 0.012 SS archwire induced lower pain than a 0.014 super-elastic Ni-Ti archwire during the
first days of an orthodontic treatment with a fixed multi-bracket appliance. These results
suggested that a 0.012 SS should be used as first archwire in order to cause less discomfort
to the patients, allowing a better acceptance of the treatment and a higher compliance.
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