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Abstract

Pain is a bio-physiological phenomenon characterized by a circadian rhythm. A better
understanding of diurnal variability in orthodontic pain perception would not only enhance our
knowledge about how orthodontic pain intensity fluctuates over the 24-h day, but it also has
great potential to improve the clinical management of orthodontic pain. Since the
administration timing of pharmacological interventions has a direct influence on their
effectiveness, a sound knowledge of the timing of peak pain intensity would allow clinicians
to better coordinate the administration timing of analgesics. The objective of this study was to
explore and quantify the diurnal variation in orthodontic pain over a period of seven days
following initial arch wires placement. A multilevel linear spline model was used for secondary
data analysis. Data were obtained from an earlier published high quality randomized controlled
trial involving 85 participants (42 males and 43 females; mean age 14.1 years and SD 2.0).
Results showed significant diurnal variability in pain intensity during the first two days of force
application for both sexes. However, females showed significantly greater diurnal variation in
the pain than males. Clinical and research implications of observed diurnal variability in

orthodontic pain perception are discussed.



Introduction

The International Association for the Study of Pain (IASP) defines pain as “an
unpleasant sensory and emotional experience associated with actual or potential tissue damage,
or described in terms of such damage".! This well accepted definition of pain also describes
the characteristics of orthodontic pain. Orthodontic pain is characterized by sensory and
emotional components,® is a subjective phenomenon displaying substantial interindividual
variability,>® and is caused by potential periapical tissue injury” 8 in response to orthodontic
force application.

Pain engages multiple neural circuits in the brain, involving the brainstem, the
thalamus, and the cortex. These higher-level cognitive and emotional responses to pain exert
their influence over pain perception either by a direct modulation of neural pain pathways or
through a wide range of neurotransmitters, including natural endogenous pain relieving opioids
such as B-endorphin.® This “top-down" feedback on sensory processing plays an important role
in pain perception, essentially providing a “gate” for the transmission of nociceptive
information to the brain.® Furthermore, tissue injury acts as a stress factor provoking a
defensive biological response in the form of a nervous-endocrine-immune super system that
responds as a whole to the tissue injury.®

Pain is essentially a bio-physiologically driven phenomenon and follows a circadian
rhythm (daily fluctuations in pain level). The circadian rhythm is related with the existence of
24-h daily variations in plasma and brain concentrations of pain regulators such as 3-endorphin
and the Interleukins.'%? The existing pain literature shows that the rhythmic influences on pain
increases with an increase in the pain intensity.*3 In other words, more intense the pain, greater
the change in a person’s sensitivity to the pain across the day. Pollmann!* systematically
studied the daily variations of dental pain and reported that the pain threshold follows a

circadian rhythm, reaching its maximum in the afternoon (least pain intensity) and minimum



at night (highest pain intensity). Similarly, Jones and Chan'® reported diurnal variation in
orthodontic pain with higher pain intensity during the evenings and nights. However, in the 25
years which have followed this early work, the diurnal variability in orthodontic pain

perception has received scant attention.

A Dbetter understanding of diurnal variability in orthodontic pain perception has
important clinical and research implications. A better understanding would not only enhance
our knowledge about how orthodontic pain intensity fluctuates during the 24-h day, but it also
has great potential to improve the clinical management of orthodontic pain. The traditional
approach of analgesic administration at regular intervals does not take into account the time-
dependent variations in pain intensity and the pharmacokinetics of analgesics. In a recent
network meta-analyses, we found that it is important to take into account administration timing
as well as the pharmacokinetics (such as plasma half-life) of analgesics while evaluating their
effectiveness!® 17, as the administrative timing has a direct influence on the effectiveness

profile.t’

This paper explores diurnal variation in orthodontic pain perception utilizing intensive
longitudinal data (ILD) obtained from an earlier published high quality randomized controlled
trial (RCT). High quality RCTs are considered the ‘gold standard’ for evidence synthesis.®
The ILD, which involves many repeated measurements per subject, is ideally suited for

investigating circadian variation of orthodontic pain.
Methodology

Data from an RCT designed to investigate the effect of two different initial aligning
arch wires on pain perception (N = 85, 42 males and 43 females; mean age 14.1 years and SD
2.0 years) 1° were used to measure the circadian variation of orthodontic pain. Participants were

randomly assigned to multistranded stainless steel or superalistic arch wire groups using a



stratified (on age, sex and initial crowding) randomization technique. Two age groups were
considered, 11-14 and 14-17 years. Pre-adjusted Edgewise Appliances (PEA) with 0.022 x
0.028-inch slot twin brackets (Roth prescription, Gemini Metal Brackets; 3M Unitek
Corporation, Monrovia, CA, USA) were bonded directly to the mandibular dentition using
light-cure composite resin (Transbond XT; 3M Unitek Corporation), and either 0.0175-inch
multistranded stainless steel (Six-stranded, UnitekTM Coaxial Wire; 3M Unitek Corporation)
or 0.016-inch superelastic nickel-titanium (austenitic active, preformed ovoid, superelastic
arch wire; 3M Unitek) was used as an initial aligning arch wire. Only the mandibular arch was
bonded until the completion of the study. The follow-up period was 14 days.

The outcome, pain, was assessed by using the 100-mm Visual Analogue Scale (VAS)
at baseline (before arch wire placement) and 32 pre-specified follow-up points. On day 0, the
follow-up points were: 1-h; 2-h; 4-h; 6-h; 12-h. On day 1 through 14, pain was not assessed at
a priori specified time (hours) of the day but rather participants recorded pain in the morning,
the afternoon and the bedtime. Participants were requested to mark a line across the VAS (0-
100) corresponding to perceived pain at each time point. For all participants, the bonding
procedure and initial arch wire placement were carried out between 10.00 am and 11.00 am,
though on different days, to ensure that the follow-up time points for pain assessment were the
same across all individuals. The trial was meticulously planned to achieve high methodological
quality and to minimize confounding by using a blocked stratified randomization for three
potential confounders: age, sex and the amount of initial crowding.'® These trial characteristics
make it ideally suitable for current research work. Further methodological details can be found
in the original study*®.

The data analyzed in this paper comprised of 2040 observations (mean initial crowding
6.57 mm and SD 1.37) across 24-time points over one week’s duration (day 0 morning till day

7 bedtime). As the time points in original study were defined as morning, afternoon and



bedtime except for day 0 (day of arch wire placement), we chose three-time points on day 0
(which were recorded in hours) and re-coded these as morning, afternoon and bedtime as
follow: 1-h as day O (morning), 4-h as day O (afternoon) and 12-h as day 0 (bedtime). Thus, the
day 0 (morning) marks the first pain assessment included in this study, which occurred 1-h
after the initial arch wire placement, day 0 (afternoon) corresponds to second pain assessment
which occurred 4-h after the initial arch wire placement, and day 0 (bedtime) defines the third
pain assessment which occurred 12-h after the initial arch wire placement. From day 1 to day
7, we used the same time points as defined in the original study (morning, afternoon and
bedtime). Thus, we analyzed data for total 24 timepoints (See Figure 1). We focused on
analyzing the pain data for the first seven days because beyond the first week, daily pain data
was not available from the original study.

Statistical analysis

A multilevel linear spline model was used for data analysis which offers a great
flexibility in modelling nonlinear pain trajectories and appropriately accounts for the subject-
specific variability in pain scores. The model was fitted using iterative generalized least squares
(IGLS) using the MLwiN (version 2.36) multilevel modelling software? calling it from within
Stata (version 14) 2 via the user-written ‘runmlwin’ command.?? The IGLS estimation method
is equivalent to maximum likelihood (ML) method of estimation.

The pain trend over one week’s time period followed a curvilinear pattern (initial
increase in pain which reaches at peak intensity and then starts declining). We fitted linear
splines to capture this complex pattern whilst still providing easily interpretable parameter
estimates.?® Introductions to linear spline multilevel models including discussion of knots
selection, interpretation of parameters can be found in the literature.?*

A range of multilevel linear spline models with different numbers and timings of knots

were explored. All models included subject-level (level 2) random effects (intercept and



random coefficients on the linear splines) to appropriately account for the individual-specific
variability in pain perception.?® Likelihood ratio tests were used compare the fit of nested
models. Akaike’s information criterion (AIC) and the Bayesian information criterion (BIC)
were used for fit evaluation of non-nested models.?® Predicted random effects and residuals
were examined to test the random effects and residual normality and homogeneity of variance
asssumptions.?®

An acceptable model fit was achieved by selecting eight knots at the following time
points: day O afternoon, day 0 bedtime, day 1 morning, day 1 afternoon, day 1 bedtime, day 2
morning, day 3 bedtime, and day 5 bedtime which resulted in a total of 9 linear splines
segments. Table 1 presents a description of each linear spline segment. Model fit involved all
potential covariates available from the original study (age, sex, initial crowding and the
aligning arch wires). As part of the model building exercise, non-significant covariates were
dropped from the final model. Although empirical evidence suggests that age-sex interactions
have a significant influence on orthodontic pain perception and should be included in the
analysis,* the limited sample size available in current study did not allow us to estimate such

effects (model failed to converge).
Results

Results from final multilevel linear spline model are displayed in Table 1. Only fixed
effect estimates (population mean estimates) are displayed as these were the focus of the
current study. The model predicted gender-specific mean trajectories showing differences in
the pain perception between male and female subjects are presented in Figure 1. The intercept
shows that compared to male subjects (coded as 0) who reported a mean average pain of 3.19
mm on day 0 morning, females (coded as 1) experienced significantly greater pain (estimate
2.58, p < 0.001, 95% CI 1.40 3.77). However, the rate of increase in pain from day 0 morning

to day 0 afternoon (Spline 1) for females was significantly lower (estimate -2.39, p = 0.018,
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95% CI -4.37 -0.40) as compared to males. The steepest rise in pain, for both male and female
subjects, was from day O afternoon to day O bedtime (Spline 2) where female reported
significantly higher rate of increase in pain (estimate 7.19, p < 0.001, 95% CI 3.93 10.45) as
compared to males. While male subjects showed a plateau around day O bedtime to day 1
morning (Spline 3) with no significant change in pain (estimate 0.06, p = 0.934, 95% CI -1.35
1.47), the pain for female subjects continued to rise at a significant rate during this period
(estimate 4.06, p < 0.001, 95% CI 2.08 6.04). From day 1 morning to day 1 afternoon (Spline
4), males reported significant decrease in pain (estimate -1.60, p = 0.026, 95% CI -3.00 -0.19)
and the rate of decrease in pain for females compared to males was even higher (estimate -2.91,
p = 0.004, 95% CI -4.88 -0.95). Compared to male subjects who experienced no significant
change in pain from day 1 afternoon to day 1 bedtime (Spline 5) and from day 1 bedtime to
day 2 morning (Spline 6), females reported a significant rise in pain (estimate 4.35, p < 0.001,
95% CI 2.41 6.30) from day 1 afternoon to day 1 bedtime followed by significant decrease in
pain (estimate -5.96, p > 0.001, 95% CI -8.20 -3.72) from day 1 bedtime to day 2 morning,
suggesting a much greater daily variability in pain perception as compared to their male
counterparts. From day 2 morning to day 3 bedtime (Spline 7), day 3 bedtime to day 5 bedtime
(Spline 8) and day 5 bedtime to day 7 bedtime (Spline 9), both male and female subjects
reported a consistent decrease in pain and were not significantly different from each other
except from day 2 morning to day 3 bedtime (Spline 7) where rate of decrease in females was

significantly higher as compared to males (estimate -0.79, p 0.037, 95% CI -1.53 -0.05).

In the final model, for which the results are presented above, data was combined across
ages, initial crowding and the aligning arch wires as initial model fit revealed that the age
(estimate 0.05, p =0.47, 95% CI -0.09 - 0.19), initial crowding (estimate -0.03, p = 0.63, 95%
C1-0.17 0.10) and the type of aligning arch wires (estimate 0.06, p = 0.64, 95% CI -0.21 0.34)

had no significant effects on orthodontic pain perception while the effect of sex was significant



(estimate 1.04, p = 0.000, 95% CI10.76 1.32). The likelihood ratio test confirmed no worsening
of model fit (Chi square = 0.77, degrees of freedom = 3, p = 0.855) after omitting these

covariates from the final model.
Discussion

The present study explored diurnal variation in orthodontic pain over one week’s time
after initial aligning arch wire placement. A multilevel linear spline model was used which
takes into account subject variability in pain perception around the population mean pain
trajectory. Results confirm previous findings that pain starts almost immediately after
orthodontic force application®® 2° and follows a curvilinear pattern reaching at its peak intensity
after 24 hours and then starts declining after 2-3 days, and gradually tails off after
approximately a week.® # 15193426 The study’s findings also support the fact that sex has a
significant influence on the orthodontic pain perception as females experienced greater pain at

all time points compared to male subjects.>®

The most interesting finding of this study was a significant diurnal variation in pain
perception especially within the first two days of orthodontic force application. This is the first
study which empirically tested this phenomenon in the context of orthodontic pain and supports
the findings of earlier studies which examined this phenomenon under different pain
conditions, including dental pain.** 132" The current study’s findings show that both male
and female subjects experienced diurnal variation around the peak pain intensity level (day 1),
and this variability was significantly higher for females. These findings also support the
hypothesis that the rhythmic modulation of pain sensitivity increases with an increase in pain
intensity.'® Results also lend support for the facts that dental pain threshold reaches its peak in
the afternoon’* and individuals experience lesser pain during the afternoon as compared to the

night and morning.*®



Various factors can contribute to the observed diurnal variation in pain perception.
Orthodontic tooth movement is essentially a bio-physiologically driven phenomenon involving
biological mediators. The Interleukin-1beta (IL-1beta) is the first mediator to regulate bone
remodeling in response to orthodontic force and plays an important role in orthodontic pain
perception by inducing the release of pain producing pro-inflammatory mediators.?® A recent
study? demonstrated that the IL-1beta concentration increases after 1 h of orthodontic force
application and peaks after 24 h of force application.?® Evidence shows that the plasma and
brain concentrations of these pain regulator mediators such as Interleukins follow a circadian
rhythm and thus are primarily responsible for the diurnal pain variation in pain perception.%-*2
Emerging evidence suggests that orthodontic pain can be significantly influenced by routine
daily activities such as physical activity.?® Thus, it can be hypothesized that day time
engagement in routine physical activities at schools (as most orthodontic patients are school
going children) may contribute to lower orthodontic pain perception in the afternoon, as

observed in this current study.

The diurnal variability in orthodontic pain perception should be thoroughly considered
while designing orthodontic trials as it has a direct influence on a study’s outcome. It is a
common error not to carefully consider and report the timing of orthodontic force application
and erroneously conclude that peak pain intensity occurs on day 1 morning and equating it to
24-h after force application. That would hold true only if force was applied in the morning and

not in the evening. We have highlighted this issue in our earlier studies.* 1% 2
Clinical implications and pharmacological management

Pain initiates extensive complex neural and extra neural physiological processes
affecting overall health, functional capability, and sense of well-being.®® 3! Pain can also lead

to anxiety and suffering. All these effects of pain can profoundly influence individuals’
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perceptions, experiences and interpretations of pain. Therefore, orthodontic pain management
is of vital importance. The field of pain research is expanding at an unprecedented pace
resulting in improved understanding and evolution of new concepts of pain, thereby providing
new directions for pain research and pain management. Pain has no ‘specialty’ boundaries
defined by field of research, therefore, from the patient’s perspective, orthodontic pain should

be considered as significant as any other pain.

An understating of diurnal variation in orthodontic pain perception has important
implications in clinical practice, as it has a direct role in ensuring effective pain management
by using pharmacological interventions, and even placebo treatments. The most effective
analgesia following administration of pharmacological interventions to control pain can only
be achieved if the maximum blood level of analgesics occurs at the same time as the peak in
pain intensity.3? In view of this, administration of analgesics should be based on anticipated

peaks in the pain intensity rather than wait for pain to occur and increase with time.

Since the administration timing and plasma half-life period of analgesics routinely used
for orthodontic pain management have a direct influence on their effectiveness,'® 17 the
traditional approach of analgesic administration at regular intervals, which does not take into
account the time-dependent variations in the orthodontic pain intensity, is suboptimal. A better
understanding of daily variability in pain perception as well as knowledge of the plasma half-
life of analgesics can play a major role in enhancing their effectiveness while minimizing their
side effects. Based on such knowledge, a clinician may build his/her own analgesic protocol
using multimodal analgesic therapy. An important component of multimodal analgesic therapy
is the pre-emptive analgesic followed by prescription of an adjunct analgesic in the form of

post-operative analgesics which may involve prescription of long acting analgesics.
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As pain starts within the first hour of orthodontic force application and the steepest rise
in pain occurs from afternoon to bedtime, clinicians can prescribe a pre-emptive analgesic to
manage immediate pain followed by a long acting analgesic (such as Etoricoxib, Pirocixam,
Naproxen or Lumiracoxib) that would reduce the build-up of inflammatory response initiated
by the orthodontic force, thereby minimizing the steepest rise in the pain by preventing the
‘wind-up phenomenon’.3® Thereafter, analgesic with short to medium plasma half-life periods
such as ibuprofen, aspirin or acetaminophen can be used for daily pain management. A
knowledge of the fact that pain is relatively more severe during morning and evening as
compared to the afternoon suggests that patients can be advised to take analgesics accordingly
and need not be prescribed routine analgesics as 6-8 hourly. This judicious use of analgesics
would not only enhance their effectiveness but also minimize the side effects. Thus, it is
advisable to make patients aware of the diurnal variation they are likely to experience in the
intensity of their pain, and to encourage them to take analgesics at the times of day when highest
pain is anticipated, rather than wait for peaks in their pain.*? It also seems prudent to encourage

patients to interact with other people and engage in some form of activity during the day.*?

Interestingly, the placebo effect, which can produce up to 40% of the pain threshold
elevation produced by a normal analgesic, also shows significant circadian variations.®* In a
dental study involving healthy individuals, it was reported that the pain threshold changes
significantly depending on the administration timing of the placebo.®* When a placebo is
labelled as an analgesic, there is a greater and quicker increase of the pain threshold during the
day-time than during the night hours when the pain threshold ascends less or may even drop
down.®* These findings open up new possibilities for future research which would provide
evidence for rationale use of analgesics and placebo for pain management based on our

understanding of diurnal variability in orthodontic pain perception.
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Study limitations

Our study has several limitations relating to the data. As the study involved a secondary
data analysis, we could not examine the influence of all covariates which could have potentially
affected the daily variability in the orthodontic pain intensity. For example, our study did not
consider the psychological variables which may account for the reported sex-related
differences in pain perception because the original study did not provide information on such
factors. Further, due to the limited sample size, we could not explore the influence of age-sex
interaction effects on the diurnal variation in orthodontic pain perception. As we studied the
sex-related differences in the rate of change in pain intensity, rather than focusing on the
individual timepoint, the statistically significant results may not necessarily be clinically
significant. We believe that more research is needed in this direction to better understand the
wide array of clinical issues related to the diurnal variation in pain. Lastly, as the original study
defined the pain assessment time points as morning, afternoon and evening from day 1
onwards, it was not possible for us to examine hourly fluctuation in the pain intensity. Future
studies may wish to use even more flexible measurement schedules to explore this aspect of

diurnal variability in orthodontic pain perception.

Conclusion

The findings suggest a significant diurnal variation in orthodontic pain perception,
especially during the first two days of orthodontic force application. In this study, where
orthodontic force was applied in the morning, the steepest rise in pain occurred between the
afternoon and bedtime on the same day. On the following day, pain was significantly less
during the afternoon as compared to the morning and bedtime. Both male and female subjects
displayed diurnal variability; however, females showed significantly higher pain intensity at

all time points and a greater diurnal variability in pain perception as compared to males.
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Figure captions

Figure 1 Model fitted mean pain trajectories for male and female subjects with 95% confidence

intervals.
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Table 1 Diurnal variabilityin mean average pain trajectories estimated using Multilevel linear spline model
(Significant parameters are highlighted).

Parameter* Estimate Standard p value 95% Confidence Interval
Error lower upper
Intercept 3.19 0.43 0.00 2.35 4.03
Female 2.58 0.60 0.00 1.40 3.77
Spline 1: day 0 morning to day O afternoon 4.67 0.72 0.00 3.25 6.08
Spline 2: day O afternoon to day O bedtime 15.5 1.18 0.00 13.18 17.82
Spline 3: day 0 bedtime to day 1 morning 0.06 0.72 0.93 -1.35 1.47
Spline 4: day 1 morning to day 1 afternoon -1.60 0.71 0.03 -3.00 -0.19
Spline 5: day 1 afternoon to day 1 bedtime 1.02 0.71 0.15 -0.36 241
Spline 6: day 1 bedtime to day 2 morning 0.11 0.81 0.89 -1.48 1.71
Spline 7: day 2 morning to day 3 bedtime -1.77 0.27 0.00 -2.30 -1.24
Spline 8: day 3 bedtime to day 5 bedtime -1.41 0.11 0.00 -1.63 -1.19
Spline 9: day 5 bedtime to day 7 bedtime -0.67 0.09 0.00 -0.84 -0.50
Female * Spline 1: day 0 morning to day O afternoon -2.39 1.01 0.02 -4.37 -0.40
Female * Spline 2: day O afternoon to day O bedtime 7.19 1.66 0.00 3.93 10.45
Female * Spline 3: day 0 bedtime to day 1 morning 4.06 1.01 0.00 2.08 6.04
Female * Spline 4: day 1 morning to day 1 afternoon -2.91 1.00 0.00 -4.88 -0.95
Female * Spline 5: day 1 afternoon to day 1 bedtime 4.35 0.99 0.00 241 6.30
Female * Spline 6: day 1 bedtime to day 2 morning -5.96 1.14 0.00 -8.20 -3.72
Female * Spline 7: day 2 morning to day 3 bedtime -0.79 0.38 0.04 -1.53 -0.05
Female * Spline 8: day 3 bedtime to day5 bedtime -0.21 0.16 0.18 -0.53 0.10
Female * Spline 9: day 5 bedtime to day 7 bedtime -0.07 0.12 0.59 -0.31 0.17

* Each spline (Spline 1, Spline 2 and so on) captures a rate of change in pain score for male subjects as a
function of time (male subjects coded as 0).

Each Female * Spline interaction effect represents difference in the rate of change in pain score between male
and female subjects (male subjects coded as 0; female subjects coded as 1).
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