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ABSTRACT

Systematic analysis of the nociceptive blink reflex: reliability and association with
psychological factors

The present study aimed to estimate the reliability of the nociceptive blink reflex
(nBR) and to evaluate the possible association between the nBR and various pain-related
psychological measures: the Anxiety Sensitivity Index-3 (ASI-3), the Fear of Pain
Questionnaire III (FPQ-III), the Pain Vigilance and Awareness Questionnaire (PVAQ), the
Somatosensory Amplification Scale (SSAS), the Pain Catastrophizing Scale (PCS) and the
Situational Pain Catastrophizing Scale (S-PCS). Twenty-one healthy participants were
evaluated in two sessions. The nBR was elicited by a so-called “nociceptive-specific”
electrode placed over the entry zone of the right supraorbital (V1R), infraorbital (V2R) and
the mental (V3R) nerve and left infraorbital (V2L) nerve. The outcomes were: (a) individual
electrical sensory (/) and pain thresholds (/p); b) root mean square (RMS), area-under-the-
curve (AUC) and onset latencies of R2 responses; and c¢) stimulus-evoked pain on a 0-10
numerical rating scale. The questionnaires ASI-3, FPQ-III, PVAQ, SSAS, PCS and S-PCS
were also applied. Intraclass Correlation Coefficients (ICCs) and Kappa statistics were
computed as a measure of the reliability (a=5%). Besides, Pearson correlation coefficient was
used to associate the average of nBR measurements among all sites and the questionnaires.
The significance level was set up after a Bonferroni correction (adjusted 0=0.8%). ICCs were
fair to excellent in 82% of the psychophysical measures and in 86% of VIR, V2R and V2L
nBR parameters, whereas the V3R showed poor reliability in 52%. ICCs for intrarater
reliability were fair to excellent in 70% of measurements (V3R showed the lowest values) and
in 75% of interrater measurements. All kappa values showed at least fair agreement and the
majority of the nBR measures (93%) were considered to have moderate to excellent
reliability. There was no correlation for any pair of variables considering the adjusted
significance level (p>0.008) and only a single significant correlation considering the standard
significance level (p < 0.05), where the pain intensity (NRS) at 50% of Ip presented a positive
and small to moderate correlation with the PCS (r = 0.43, p = 0.047). The nBR and its
associated psychophysical measures can be considered a sufficiently reliable test to assess the
trigeminal nociceptive function. On the other hand, it seems not associated with psychological

factors in healthy participants.

Key words: Nociceptive Blink Reflex. Reliability. Biopsychosocial Pain Model.






RESUMO

Analise sistematica do reflexo de piscar nociceptivo: confiabilidade e associacio com
fatores psicologicos

O presente estudo teve como objetivo estimar a confiabilidade do reflexo de piscar
nociceptivo (nBR, sigla em inglés) e avaliar a possivel associagdo entre o nBR e vdrias
medidas psicologicas relacionadas a dor: o Anxiety Sensitivity Index-3 (ASI-3), o Fear of
Pain Questionnaire III (FPQ-III), o Pain Vigilance and Awareness Questionnaire (PVAQ), o
Somatosensory Amplification Scale (SSAS), o Pain Catastrophizing Scale (PCS) e o
Situational Pain Catastrophizing Scale (S-PCS) (siglas ¢ nomes em inglés). Vinte e um
participantes saudaveis foram avaliados em 2 sessdes. O nBR foi estimulado por meio de um
eletrodo “nociceptivo especifico” posicionado na zona de entrada do nervo supraorbital
direito (V1D, sigla em inglé€s), infraorbital direito (V2D) e esquerdo (V2E) e mentual direito
(V3R). As variaveis analisadas foram: a) limar elétrico sensorial (/y) € doloroso (/p); b) raiz
quadratica média (RMS, sigla em inglé€s), area sobre a curva (AUC, sigla em inglés) e as
laténcias da respostas R2; e c¢) dor provocada pelo estimulo em uma escala numérica de O a
10. Os questionarios ASI-3, FPQ-III, PVAQ, SSAS, PCS e S-PCS também foram aplicados.
Coeficiente de Correlagdo Intraclasse (ICC, sigla em inglés) e estatistica Kappa foram
calculados como medidas da confiabilidade (a=5%). Além disso, coeficiente de correlacdo de
Pearson foi usado para associar a média do nBR entre todos os sitios de avaliacdo e os
questionarios. O nivel de significancia foi ajustado apds corre¢do de Bonferroni (a
ajustado=0.8%). ICCs foram razoaveis a excelentes em 82% das medidas psicofisicas e em
86% dos parametros do nBR em V1D, V2D e V2E, enquanto que 52% das medidas em V3D
apresentaram pobre confiabilidade. ICCs para confiabilidade intra-examinador foram
razoaveis a excelente em 70% das medigdes (V3D apresentou os menores valores) e em 75%
das medidas inter-examinadores. Todos os coeficientes Kappa apresentaram pelo menos
razoavel concordancia e a maioria das medidas do nBR (93%) foram consideradas moderadas
a excelente em termos de confiabilidade. Nao houve correlagdo para nenhum par de variaveis
considerando os valores ajustados de significancia (p>0,008) e somente foi constatada uma
correlacdo significante considerando o nivel de significancia padrdo (p<0,005), em que a
intensidade de dor em 50% do Ip apresentou uma correlacdo positiva entre pequena e
moderada com o PCS. O nBR e suas medidas psicofisicas associadas pode ser considerado
um teste com suficiente confiabilidade para avaliar a fun¢do nociceptiva trigeminal. Por outro
lado, parece que o nBR ndo estd associado com fatores psicoldgicos em participantes

saudaveis.

Palavras-chave: Reflexo de Piscar Nociceptivo. Confiabilidade. Modelo Biopsicossocial da
Dor.
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1 INTRODUCTION

The British physician Walker Overend in a letter published in Lancet on March 7%,
1896, made the first description of eyelid twitches elicited by a gentle tap with a stethoscope
(FINE; SENTZ; SORIA, 1992). Later on, in the beginning of 1950s, Erik Kugelberg first
established the electrophysiological mechanisms and pathways of the so-called blink reflex
(BR) using an oscilloscope and electrical stimulations (KUGELBERG, 1952). Nowadays, the
BR is one of the most accessible neurophysiological methods for evaluating functions either
integrated in or mediated by the brainstem (VALLS-SOLE, 2005). In particular, the BR has
been used to assess the trigeminal function (ELLRICH, 2000).

The physiology and anatomical distribution of the BR can be described as follows: a)
the peripheral pathways consist of trigeminal cutaneous fibers, responsible for the afferent
limb and a group of motor fibers of the facial nerve, which constitute the efferent limb; b) the
central pathways consist of interneurons located at the main and spinal trigeminal and the
facial nucleus (ESTEBAN, 1999). Furthermore, there are some particularities related to
recordable electromyography (EMG) responses that justify the diagnostic value of the BR.
These EMG parameters can be divided into three categories: an early ipsilateral component
(R1) with onset latency of 11 ms and two bilateral components (R2 and R3) with onset
latencies of, respectively, 33 and 84 ms (ELLRICH; HOPF, 1996). The R1 response is mainly
mediated by low-threshold mechanoreceptors (Am fibers) and the R2 is mediated by both
mechanical and nociceptive afferents (An fibers) (ELLRICH, 2000). Besides these differences
in the peripheral pathways, the central components of R1 and R2 are also different:
oligosynaptic connections between the main trigeminal and facial nucleus are related to the
R1 responses whereas polysynaptic connections between the spinal trigeminal and the facial
nucleus drive the R2 responses. Finally, the R3 responses, which is also part of the startle
reaction, share similar pathways of R2 (ESTEBAN, 1999). Therefore, the analysis of these
different response patterns and their anatomical arrangement may help in the topographical
classification of lesions that could affect the brainstem (VALLS-SOLE, 2005).

Given the highly non-selective nature of the BR, the nociceptive blink reflex (nBR) is
an alternative method where the electrical stimulation is applied with a specific type of
electrode designed to almost selectively activate neuronal receptors associated with small

diameter fibers, i.e., A-delta and C fibers. The electrode design and the proof of concept for
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its nociceptive-specific nature were first published fifteen years ago (KAUBE et al., 2000).
Since then, this approach has been proven useful to evaluate chronic orofacial and headache
pain conditions (KAUBE et al., 2002; BAAD-HANSEN et al., 2005; BAAD-HANSEN et al.,
2006; PEDDIREDDY et al., 2009). Yet, despite its clinical utility and application in the pain
field, there is a lack of either a detailed report regarding the reliability of the nBR or the
assessment of psychological factors that could affect the nBR responses.

The quality of measurement instruments is crucial for the development of the Health
Sciences (BANNIGAN; WATSON, 2009). Well-designed and appropriate instruments form
the basis of diagnosis, prognosis and evaluation of the results of medical interventions. In
such scenario, the reliability can be considered an important measurement property and
should be properly established for any medical test. The reliability of a measurement can be
defined as the proportion of the total variance in the measurements which is because of “true”
differences among patients, i.e., is the average score that would be obtained if the scale were
given an infinite number of times (MOKKINK et al., 2010). So, the reliability expresses how
well subjects can be distinguished from each other despite the presence of measurement error.

The medical field has evolved, since the beginning of the modern science, with the
focus in fractional-analytic way on biological process and assuming that the diseases should
be investigated in terms of causal chains of materially and conceptually comprehensible parts
(ENGEL, 1977). Taking together with the abstract aspect of the human mind and the lack of
appropriate methods to probe it, it is conceivable that this mechanistic view, i.e., the
biomedical model in which the biological phenomena can be fully explained by physical
variables, has been the mainstream of medicine for so long. However, the human pain
experience, in particular the chronic pain conditions, is a vulnerable point for the biomedical
model, considering that it is not fully possible to explain the disability and the burden of pain
only in terms of bodily impairments and biochemical reactions (DUNCAN, 2000). Hence, the
need for a new medical model, e.g., the biopsychosocial model, have risen in the late 70s as
an attempt to elucidate how somatic processes affect the mental states and vice-versa
(ENGEL, 1977). Within this paradigm, painful experiments or experiences could be better
understood together with their cultural, social, psychological and behavioral dimensions.

Based on that, the purposes of the two studies that constitute this thesis were: 1) to
estimate the reliability of the nBR and; 2) to evaluate the association of psychological factors
with the nBR responses. Finally, our overall hypotheses were: the nBR is a reliable test and

the psychological factors are correlated with the nBR responses.
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2 ARTICLES

The article 1 presented in this thesis is currently under review in the journal Clinical
Oral Investigations (Annex 1) and the article 2 was recently accepeted for publication in the
journal Journal of Oral & Facial Pain and Headache (Annex 2). Both articles had the
approval from the Regional Ethics Committee as well as the Danish Data Protection Agency

(Annex 3).

2.1. ARTICLE 1

Reliability of the nociceptive blink reflex evoked by electrical stimulation of the

trigeminal nerve.

Authors: Yuri Martins Costa’ “°, Lene Baad-Hansen *°, Leonardo Rigoldi Bonjardim ¢,
Paulo César Rodrigues Conti ¢, Peter Svensson "<,

* Section of Orofacial Pain and Jaw Function, Department of Dentistry, Aarhus University,
Aarhus, Denmark.

® Scandinavian Center for Orofacial Neurosciences (SCON).

¢ Department of Prosthodontics, Bauru School of Dentistry, University of Sdo Paulo, Bauru,
Brazil.

d Department of Biological Sciences, Bauru School of Dentistry, University of Sdo Paulo,

Bauru, Brazil.

¢ Department of Dental Medicine, Karolinska Institutet, Huddinge, Sweden.
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Abstract

Objective: To determine the reliability of the nociceptive blink reflex (nBR) of the trigeminal
nerve.

Materials and Methods: Twenty-one healthy participants were evaluated in two sessions.
The nBR was elicited by a so-called “nociceptive-specific” electrode placed over the entry
zone of the right supraorbital (V1R), infraorbital (V2R) and mental (V3R) and left infraorbital
(V2L) nerve. The outcomes were: individual electrical sensory (/y) and pain thresholds (/p);
root mean square (RMS), area-under-the-curve (AUC) and onset latencies of R2 responses;
stimulus-evoked pain on a 0-10 numerical rating scale. Intraclass Correlation Coefficients
(ICCs) and Kappa statistics were computed (0=5%).

Results: ICCs were fair to excellent in 82% of the psychophysical measures and in 86% of
VIR, V2R V2L nBR parameters, whereas the V3R showed poor reliability in 52%. ICCs for
intrarater reliability were fair to excellent in 70% of measurements (V3R showed the lowest
values) and in 75% of interrater measurements. All kappa values showed at least fair
agreement and the majority of the nBR measures (93%) presented moderate to excellent
reliability.

Conclusion: The nBR and its associated psychophysical measures can be considered a
sufficiently reliable test.

Clinical Significance: The nBR can be prescribed to assess trigeminal nociceptive function in

patients with orofacial pain complaints.

Keywords: Nociceptive Blink Reflex, Trigeminal Nerve, Reliability, Intraclass Correlation

Coefficient.
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1. Introduction

In general, clinical pain assessment rely on methods dependent on patient participation [1, 2]
but there are some options for an objective investigation of the trigeminal nociception [3]. The
blink reflex (BR) is an electrophysiological test routinely used to evaluate the cranial nerves
and brainstem functions [4]. Originally evoked by mechanical stimulation (gentle tap on the
forehead), this brainstem reflex is now typically elicited by electrical stimulation of the
trigeminal nerve, usually the ophthalmic division [5]. Briefly, standard electrical stimulation
and the electromyography (EMG) records of the BR consist of three responses: an early
ipsilateral component (R1) with onset latency of 11 ms and two bilateral components (R2 and
R3) with onset latencies of, respectively, 33 and 84 ms [6]. Given the largely non-selective
nature of the BR (the R1 response is mediated by low-threshold mechanoreceptors (A fibers)
and the R2 can be elicited by both mechanical and nociceptive afferents (A9 fibers) [7], a
valid selective assessment of the trigeminal nociceptive fibers is not possible through standard
electrical stimulation. However, concentric surface electrodes which produce high current
density at low intensities have been used as a non-invasive method to more selectively
activate the nociceptive fibers and thereby increasing the “nociceptive” specificity of the BR
[8].

The “nociceptive” specificity of the BR elicited by different electrode configurations is a topic
under debate [9]. Neurophysiological evidence has pointed out a “contamination” with A3
fibers activity using concentric surface electrodes [10]. However, since the subjective pinprick
sensation evoked by concentric electrode stimulation is consistent with activation of Ao fibers
and clearly different from sensations obtained with standard electrical stimulation. this
technique can be regarded as useful to investigate the nociceptive trigeminal reflex [11]. Thus,
the so-called “nociceptive” blink reflex (nBR) could be used to evaluate several aspects of the

pain experience, e.g., modulation of the pain perception and alterations in pain processing [12,
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13]. Consequently, some pathophysiological aspects of primary headaches and chronic
orofacial pain have been addressed and elucidated by the nBR evoked by stimulation of all
three branches of the trigeminal [14-17]. Nevertheless, despite its clinical relevance and
regular use, previous studies have not in detail reported the reliability of the nBR.
Estimating the reliability of any medical measurement is an essential step towards the
elaboration of an appropriate clinical instrument [18]. A consensus initiative defines
reliability as “the extent to which scores for patients who have not changed are the same for
repeated measurement under several conditions: for example, using different sets of items
from the same health-related patient-reported outcomes (internal consistency), over time
(test—retest), by different persons on the same occasion (interrater) or by the same persons
(i.e., raters or responders) on different occasions (intrarater)” [19]. In other words, the
reliability quantifies how much a measurement is the same each time it is measured and by
whoever measures it. In this context, only two studies have estimated the reliability of the
nBR. One study evaluated the reliability over time of the onset latency (intrarater) and the
response area (test-retest) of the nBR elicited by stimulation of the supraorbital nerve and the
authors reported high reliability for both onset latencies (Crohnbach’s alpha = 0.85) and
response areas (Crohnbach’s alpha = 0.94) [20]. Another study evaluated, which EMG
parameters were more reliable to define the nBR threshold and found that Blink Interval Peak
z score showed the best performance [21]. However, to the best of our knowledge there is no
available data regarding the reliability of the nBR considering the stimulation of all three
branches of the trigeminal nerve and its associated psychophysical measures.

Based on that, the aim of this study was to estimate the reliability of the nBR evoked by
electrical stimulation of the three branches of the trigeminal nerve under the following
conditions: over time (test-retest and intrarater reliability) and by two examiners on the same

day of observation (interrater reliability). According to our objective the overall hypothesis
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was: the nBR evoked by electrical stimulation of the three branches of the trigeminal nerve is

a reliable test.

2. Methods

2.1 Participants

Twenty-one healthy participants of both genders were recruited from the staff members at
Aarhus University and the local community (convenience sampling method). Inclusion
criteria were: age > 18 years and good health with no orofacial pain complaints or headache
disorders. Exclusion criteria for healthy participants were: serious dental or medical illness,
regular intake of medication, such as, antidepressants, anticonvulsants or non-steroidal anti-
inflammatories and psychiatric or personality disorders assessed by means of medical
interview/anamnesis.

This study was performed in accordance with the Helsinki Declaration II and had the approval
from the Regional Ethics Committee as well as the Danish Data Protection Agency. All

participants gave their voluntary consent after a full explanation of all procedures.

2.2 Study Design

All participants were evaluated in two sessions (baseline and 24 hours after) by the same
examiner (test-retest and intrarater reliability). A second examiner, blinded for the participant
information, performed an off-line analysis of both sessions (interrater reliability). The choice
of the examiners was made by convenience and both were not blinded regarding the
comparison of their judgments, i.e., they had previous knowledge that their results would be
compared. However, the ratings were conducted independently. Furthermore, the training
level and experience of the examiners were different, and a calibration session between them

was conducted prior to data collection of the first session and a re-calibration was conducted
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prior to data collection of the second session. The calibration sessions consisted of discussion
and consensus achievement regarding the upper and lower time limits for making the decision
about the onset latencies, the amplitude display to read the reflex and how to distinguish noise

contamination.

2.3 Measurement process

The nBR was performed in a quiet room with the temperature around 20°C and recorded by
placing two surface self-adhesive EMG electrodes (Neuroline 720, Ambu ®, Denmark) on
both orbicularis oculi muscles (infraorbital region and the corner of the eye) and the ground
electrode was attached to the wrist. The recorded signals were amplified and band-pass
filtered between 20-1000 Hz and the sampling rate was 2000 Hz (Nicolet Viking™, Natus
Medical Inc., USA). A custom built planar concentric electrode [8] with a central metal
cathode (diameter (D) = 0.5 mm) and external anode ring (D = 5 mm) was used to elicit the
nBR by stimulation of all three branches of the trigeminal nerve. Each stimulus sweep
consisted of a train of three pulses with duration of 0.3 ms and inter-pulse interval of 3 ms and
was applied to the skin directly above the entry zones of the right supraorbital (V1R),
infraorbital (V2R) and the mental (V3R) nerve and also the left infraorbital (V2L) nerve [15].
The order of the stimulation was randomized for each session and a template was used in
order to keep the same pattern for the electrodes placements. Each session lasted
approximately 1.5 hours.

The individual sensory (/y) and pain thresholds (/p) to the electrical stimulation were
determined for each site before the nBR recordings by the application of an up-down staircase
method consisting of 5 series of ascending and descending stimuli (0.2 mA increment rate)
[21]. The I, was defined as the lowest stimulus intensity that evoked a sensation, whereas the

Ip was the lowest intensity that evoked a sharp pin-prick like pain sensation.
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For each site, the nBR recordings comprised a total of 6 stimulation blocks with 6 individual
sweeps each at an interstimulus interval (IST) of approximately 15-17 s. The intensities of the
blocks were 50, 100, 150, 200, 300 and 400% of Ip and the order of stimulation was
randomized for each site and for each session. To avoid contamination with the startle
reaction and the related R3 responses, the first stimulus of each block was announced to the
participant. Furthermore, the participants were asked to score the stimulus-evoked pain
intensity at the end of each block with the aid of a 0-10 numerical rating scale (NRS) with 0

indicating no pain at all and 10 indicating worst pain imaginable.

2.4 Variables

The analyzed outcomes for each block and site were: a) the Iy (mA); b) the Ip (mA); the EMG
records of the R2, quantified as, c¢) the root mean square (RMS) (uV) and, d) area-under-the-

curve (AUC) (uV x ms) of the rectified and averaged sweeps in the time window from 27-87
ms [22]; e) the nBR occurrence (yes/no) and onset latencies (ms) of the R2 responses at 200

and 300% of Ip measured for the averaged sweeps; f) the stimulus-evoked pain intensity

(NRS).

2.5 Statistics

Quantitative variables (age, y, Ip, RMS, AUC, latency and NRS) were expressed as means
and standard deviation (SD), along with a description of the gender distribution and the reflex
occurrence. The test-retest, intrarater and interrater reliability was estimated using the
intraclass correlation coefficient (ICC) for single measures based on analysis of variance
(ANOVA) model for quantitative variables and the Cohen’s kappa coefficient (k) for the nBR
occurrence. The intrarater and interrater reliability was estimated only for the nBR occurrence

and onset latencies. The magnitude of the ICC was scored as poor reliability (< 0.4), fair (0.4
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—0.59), good (0.6 — 0.75) or excellent (> 0.75) (Rosner, 2006) whereas for «, the scores were:
poor reliability (<0.2), fair (0.21 — 0.4), moderate (0.41 — 0.6), good (0.61 — 0.8) or excellent
(> 0.81) [23]. Repeated measures ANOV As were performed to compare the I and /p
differences between sites (4 levels). Also, multi-way within-subjects ANOV As was
performed as following: a) the factors stimulation site (4 levels) and stimulus intensity (6
levels) were established to compare the pain intensity after log;, transformation; b) the factors
stimulation site (4 levels), recording side (2 levels) and stimulus intensity (6 levels) were
established to compare RMS and AUC values after log) transformation; c) the factors
stimulation site (4 levels) recording side (2 levels) and stimulus intensity (3 levels) were
established to compare the onset latencies of the first session. When appropriate, post hoc
analyses were performed using Tukey Honestly Statistical Difference (HSD) with correction
for multiple comparisons. Finally, Cochran Q test was used to compare differences regarding
the nBR occurrence in the first session. The significance level was set at 5% (p = 0.050) and
the confidence interval (CI) at 95%. All tests were carried out using the Statistical Package for
the Social Sciences (SPSS) v.18.0 (IBM Corp., USA) and STATISTICA, v 12 (StatSoft Inc.,

USA).

3. Results

3.1 Initial characteristics and differences amongst V branches

Twenty-one participants were evaluated in two sessions by the same examiner (test-retest and
intrarater reliability) and two independent examiners evaluated the latencies of the first and
second session (interrater reliability). The sample characteristics are presented in Table 1
considering the measurements of the first session made by the first examiner and examples of
R2 traces are illustrated in the Figure 1. The mean age (SD) of the participants was 29.3 years

(3.7) with a slight female predominance (13 women, 8 men). The /; and /p were similar
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among the VIR, V2R and V2L branches of the trigeminal nerve but higher /, and /p values
were determined for the V3R compared with, respectively, VIR (Tukey: p = 0.005), V2L
(Tukey: p=0.040) and VIR (Tukey: p =0.010).

There were main effects of stimulation site (ANOVA: F =4.69, p = 0.006) and stimulus
intensity (ANOVA: F =193.93, p <0.001), but without interactions, for the reported pain
intensity. The V3R showed lower NRS pain scores compared with V2L (Tukey: p = 0.018)
and V1 (Tukey: p = 0.015) and stimulation at the lowest intensity (50% of /p) induced the
lowest pain scores (Tukey: p <0.001).

There were main effects of stimulation site (ANOVA: F =22.42, p <0.001), recording side
(ANOVA: F =57.85, p <0.001) and stimulus intensity (ANOVA: F =24.98, p <0.001)
considering the RMS and AUC (stimulation site — ANOVA: F =24.41, p <0.001 / recording
side — ANOVA: F =59.63, p <0.001 / stimulus intensity - ANOVA: F =23.36, p <0.001).
The V3R (Tukey: p <0.001), the contralateral side (Tukey: p <0.001) and the intensity at
50% of Ip (Tukey: p <0.001) showed the lowest values. Also, there were statistically
significant interactions between the stimulation site and recording side (ANOVA: F =3.56, p
=0.020), stimulation site and stimulus intensity (ANOVA: F = 2.71, p <0.001) and recording
side and stimulus intensity (ANOVA: F =4.84, p <0.001) considering the RMS. The lowest
values were found at 50% of I for V3R and for the contralateral sides. This same interaction
pattern was also found considering the AUC: between stimulation site and recording side
(ANOVA: F =3.93, p=0.015), stimulation site and stimulus intensity (ANOVA: F = 2.26, p
=0.005) and between recording side and stimulus intensity (ANOVA: F = 4.65, p=10.001).
The nBR was not elicited constantly by stimulation of any of the trigeminal nerve branches.
The lowest percentage of reflex occurrence was for the stimulation of the V3R at 200% of /p
(p <0.050), whereas there were no differences in reflex occurrence among the branches

considering the intensities of 300 and 400% of Ip (p > 0.050). There was a main effect of
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recording side, demonstrating that the latencies of the contralateral side were longer than the
ipsilateral (ANOVA: F =17.01, p=0.025).

3.2 Reliability

Figure 2 shows the results of the test-retest and intrarater reliability of the nBR considering
the four stimulation sites. The overall ICCs showed acceptable values for the test-retest and
intrarater reliability of the nBR parameters and the associated psychophysical measures (/y, Ip
and the reported pain intensity). The ICC values of 76% of all measurements were considered
fair to excellent (fair: 22%, good: 36% and excellent:18%). Eighty two percent of the
psychophysical measures showed fair to excellent reliability (fair: 21%, good: 31%, excellent:
30%). All Ip values presented higher ICCs than [, (Figure 2). Also, 75% of nBR parameters
showed fair to excellent reliability (fair: 22%, good: 38% and excellent: 15%) and the overall
reliability of the ipsilateral values were higher than the contralateral side (Figure 2). The VIR,
V2R and V2L had 86% of their ICC values considered fair to excellent, whereas the V3R
showed poor reliability in 52% of the measurements (Figure 2). Furthermore, the stimulus
intensity at 200 and 300% of Ip showed the highest ICCs, regardless of the stimulation site,
with the exception of the V3R, where the RMS and AUC at 100% of Ip showed the highest
values. The ICCs for intrarater reliability considering the onset latencies at 200 and 300% of
Iy were in the fair to excellent range in 70% of all measurements and the V3R showed the
lowest values.

Tables 2-3 show the interrater reliability for the onset latencies at 200 and 300% of /Ip,
respectively, considering the first and the second sessions and the intra- and interrater
reliability of the reflex occurrence. The overall range of ICCs was similar for both sessions
and 75% of all measurements were considered fair to excellent (1% session: fair: 44%, good:
25% and excellent: 6% / 2™ session: fair: 55% and good: 20%), even though after the

recalibration session, extreme low values were not present. There were similar [CC values
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between the two intensities of stimulation and the ipsilateral and contralateral recording sides,
although the VIR and V2R presented the highest coefficients (Table 2). All the intra- and
interrater kappa values, regardless of the session, showed moderate to excellent reliability
with a similar distribution considering the stimulus intensities, recording sides and stimulation
sites (Table 3). However, considering the interrater reliability, the scores of the first session
were: moderate (37%), good (37%) and excellent (26%), whereas after the recalibration
between the two examiners the proportions were: moderate (6%), good (44%) and excellent

(50%).

4. Discussion

This study focused on the reliability of the nBR elicited by stimulation of the three branches
of the trigeminal nerve and the main findings were: a) the overall test-retest, intrarater and
interrater reliability of the nBR and its associated psychophysical measures can be considered
acceptable for clinical use and research; b) the stimulation intensities at 200% and 300% of Ip
are associated with the highest reliability coefficients; ¢) the stimulation of the V3R is
associated with the lowest reliability coefficients.

The present baseline nBR measurements (RMS and AUC values) are in accordance with
previous findings in healthy participants [20]. The nBR elicited by stimulation of the
supraorbital nerve in a sample of 104 healthy volunteers showed mean values of /j and /p,
respectively, 0.39 and 0.69 mA [20], which are very similar with our mean values,
respectively 0.40 and 0.70 mA. However, our mean latencies were shorter when compared
with the same healthy population, where the mean onset of the ipsilateral and contralateral
responses at a stimulus intensity of 150% of Ip were, respectively, 44.7 (7.3) and 45.4 (7.0)
ms [20], whereas the values of the present study were 41.2 (2.7) and 42.8 (1.4) ms ata

stimulus intensity of 200% of Ip. The difference in the stimulus intensities could account for
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this dissimilarity, in particular the slightly shorter pattern, since higher intensities of
stimulation could be associated with more “contamination” of large fiber activity [24]. This
concomitant AP fiber activity is indeed inferred when compared with the mean onset latencies
of the laser-evoked blink reflex (73.2 ms), a valid method to selectively activate only
unmyelinated afferents [25].

Direct comparisons between the present and other studies regarding the RMS and AUC
values are difficult because of methodological differences, e.g., number of sweeps and
multisite stimulations. Yet, the present findings agree with a previous study, where a more
pronounced muscle activity at higher intensities was also reported [15]. Finally, comparisons
with the stimulation of the other branches are not possible because of the lack of studies
testing V2 and V3. To the authors” knowledge, only a few studies have been published
showing the usefulness of measuring the nBR by stimulation of the infraorbital nerve to
evaluate the effects of pain disorders affecting the maxillary division of the trigeminal nerve
[14, 15]. On the other hand, there is evidence that the BR elicited by stimulation of the mental
nerve can produce inconsistent responses and faster habituation when the “standard” ISI (= 15
s) is applied [26]. Our results are in accordance with this evidence, considering the low RMS
and AUC values from V3 stimulation. There is more substantial habituation of the V3 in
comparison with the V1 division when 10 s of ISI is adopted [26]. According to our findings,
it seems that adding 5 s on top of that is not long enough to avoid such effect. In fact, it has
been reported that stable reflex responses of the V3 division are possible when applying
longer ISI (up to 30 s) [27]. Finally, the low reflex occurrence at 200% of Ip also reinforces
the evidence that stronger stimulus intensities are required to consistently elicit reflex
responses of V3 [27].

Despite the fact that the BR is well established and routinely used and recommended in the

clinical setting [28], the electrically elicited so-called nociceptive specific nBR was first
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established in 2000 as a new, non-invasive and technically easier method to evaluate
trigeminal brainstem nociception [8] compared with the corneal reflex and the laser-evoked
blink reflex [25, 29]. However, neither the BR nor the nBR has been systematically tested
regarding their reliability properties for all branches of the trigeminal nerve. For this reason,
we highlight the relevance of our study for the establishment of the nBR as a sufficiently
reliable tool to assess pathophysiologic aspects of orofacial pain conditions. Nonetheless,
some particularities regarding the test-retest reliability must be highlighted: 1) the high ICCs
at 200 and 300% of Ip indicate that the stimulus intensity to perform the nBR should not be
arbitrarily decided. Some low reliability coefficients between 50 and 150% of Ip could be
explained by the low variability and amplitude at these intensities, which negatively affect the
reliability coefficients [30]. Also, despite the fact that the intensity at 400% of Ip presented
good to excellent reliability at some stimulation sites, the choice of this intensity requires
caution, considering that the nociceptive specificity of the nBR decreases at very high
amplitudes [8]. So, based on the overall reliability results, we recommend the intensity
between 200 and 300% of /p in the nBR measurement. 2) The fact that the V3R presented the
lowest coefficients could be associated with the inconsistency of the responses when using
similar stimulus parameters as for the V1 and v2. Indeed, the ISI of 15-17 s adopted in this
study could also account for the lower reliability coefficients of V3, since there is evidence
showing the usefulness of the BR with V3 stimulation in the diagnosis of trigeminal
neuropathies [31-34].

The intrarater and interrater reliability of the nBR onset latencies at 200 and 300% of Ip also
presented acceptable reliability values. In fact, it was possible to obtain a positive effect of the
recalibration session on the reliability coefficients, which means that the onset latencies

judgment requires some degree of training and experience between the examiners.
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It is also important to note that there are no guidelines on how to accurately measure the onset
latencies of the nBR. Also, the low variability of the latencies and, by consequence, the
relative homogeneity of the sample could explain some low ICC values, since in such a
scenario it is more difficult to distinguish the “true” variability between the participants from
the measurement error [18, 30]. So, even though with these possible shortcomings, our results
support the adequate reliability of the onset latencies measurements of the nBR.

The reliability values of the associated psychophysical measures also presented acceptable
levels to recommend the clinical and research use. The ICCs of /p presented comparable
values with other well-established psychophysical techniques, such as the mechanical pain
threshold (MPT) performed in the trigeminal region [35, 36] , which is part of the battery of
quantitative sensory testing (QST) [37]. On the other hand, the reliability of the /; was
generally poor and lower than the /p. One possible explanation is related to the nociceptive
characteristic of the stimulus which brings forth difficulties in properly determining the
‘lowest stimulus that evokes a sensation’. However, considering the use of the /p as the
reference for stimulus intensity, the low reliability of /, may not have a major impact on the
test utility. Furthermore, the pain ratings associated with the nBR presented adequate ICC
values and followed the same pattern of the RMS and AUC, i.e., the highest ICCs were
presented at highest stimulation intensities and the low variability of the lower intensities
could also account for these results.

The strengths of the present study were the use of well-established statistical approaches to
estimate the reliability, i.e., ICC and Kappa [38], and the comprehensive assessment of all the
trigeminal branches. The study has, on the other hand, some limitations which affect the
external validity. The first major point is regarding the methodological particularities of this
study. In spite of evidence suggesting optimized parameters for the nBR [20, 39], there is no

established standard on how to perform the nBR, e.g., analysis of signal averaging versus
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single trials, differences in the stimulus intensity and interstimulus interval and number of the
stimulation blocks. Particularly, the difference between analyzing single versus averaged
sweeps should be addressed in future studies, inasmuch as averaging measurements can give a
more reliable result but also could cause an attenuation of the EMG amplitudes and
habituation of the reflex [40]. The ISI can also account for the amplitude decrement and,
consequently, for the reflex occurrence judgment. Possibly, this is one of the reasons for the
lack of concistent nBR occurrence, mainly in V3, considering that the adopted ISI was not
optimal to consistently elicit the reflex. More research is needed to define the ideal ISI and
stimulation intensities for the V3 division using the concentric electrode. On the other hand,
since we randomized the sites and stimulation intensities for both sessions, other differences
among the branches regarding the amount of habituation effect were a result of chance. The
second major point is regarding the type of study population. Considering that the reliability
is a characteristic of a particular instrument in a particular population and not exclusively
from the instrument, reliability values for specific groups of diseases, e.g., neuropathic pain
and primary headaches, remains to be established. In this context, the generalization of our

results should be made with caution.

5. Conclusion
The nBR and its associated psychophysical measures can be considered a sufficiently
reliable test to assess the trigeminal nociceptive function and its use can be recommended as

an adjunct examination of the trigeminal nervous system.
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Figure Captions

Fig 1. Examples of R2 traces (average of 6 individual sweeps) of the same participant. VIR =
right supraorbital infraorbital nerve, V2R = right infraorbital nerve, V2L = left infraorbital
nerve, V3R = right mental nerve, Ip = individual pain threshold and OOc = orbicularis oculi

muscle.

Fig 2. Line chart showing the test-retest and intrarater reliability coefficients (ICC) of the
“nociceptive” blink reflex (nBR). V1R = right supraorbital nerve, V2R = right infraorbital
nerve, V2L = left infraorbital nerve, V3R = right mental nerve, ip = ipsilateral side, cl =
contralateral side, /y = individual sensory threshold, /p = individual pain threshold, P = pain
intensity (Numerical Rating Scale), R = root mean square (RMS pV), A = area-under-the-
curve (AUC, nuV x ms), L = latency (ms), 50 = 50% of Ip, 100 = 100% of Ip, 150 = 150% of

Ip, 200 =200% of Ip, 300 = 300% of Ip and 400 = 400% of Ip.
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Tables

Table 1. Psychophysical parameters and amplitude measures of the R2 response of the nBR.
Iy: electrical sensory threshold, /p: electrical pinprick threshold, V1R: right supraorbital nerve,
V2R: right infraorbital nerve, V2L: left infraorbital nerve, V3R: right mental nerve, NRS:
numerical rating scale, RMS: root mean square, AUC: area-under-the-curve.

Measurements

Stimulation Threshold (mA)
lo
le

Pain Intensity (NRS) — % of Ip
50%

100%

150%

200%

300%

400%

~ e~ e~~~
= a a0 0

oNddho=

0.
0.
2.
3.
4.
5.

Wwh-200

Mean (SD) or n (%)*

0.5 (0.1)
0.7 (0.2)

0.1(0.3)
1.0 (1.2)
2.2 (1.8)
3.5(1.8)
4.5(1.9)
48 (1.7

0.4 (0.1)
0.7 (0.2)

0.1(0.3)
1.2 (1.0)
2.1 (1.7)
3.6 (1.9)
4.9 (1.8)
5.6 (2.0

0.6 (0.1)
0.9 (0.3)

0.0 (0.1)
0.9 (1.0)
2.2 (2.2)
3.0 (2.1)
3.9 (2.0)
46(1.9

RMS (uV) — % of Ip
50%

100%
150%
200%
300%
400%

AUC (pV x ms) — % of Ip
50%

100%
150%
200%
300%
400%

Latency
Reflex occurrence 200% of /I»

Onset 200% of Ir (ms)

Reflex occurrence 300% of I
Onset 300 % of Ip (ms)
Reflex occurence 400% of Ip

Onset 400% of /p

5.2 (6.9)/
3.8 (2.9)
7.7 (7.1) 1
4.3 (3.5)
8.2(7.2)/
5.0 (3.4)

10.4 (8.6) /
5.8 (5.3)

10.9 (8.7) /
6.5 (6.2)

13.6 (9.3) /
7.3 (6.3)

264.9 (377.3) /
185.3 (154.0)
361.3 (318.3) /
199.7 (169.4)
349.6 (250.3) /
230.3 (155.2)
446.7 (340.7) /
264.1 (224.0)
492.8 (376.3) /
295.9 (282.3)
598.9 (409.3) /
325.6 (267.9)

16 (76.2%) /
15 (71.4%)
41.2 (2.4) 1
42.8 (1.7)

13 (61.9%)
13 (61.9%)
406 2.7)
41.9 (3.4)

15 (93.7%) / 15
(93.7%)
40.6 (1.6)/41.4
(1.75)

5.5 (4.7)/
3.3(2.3)
8.2 (6.0) /
6.1 (5.7)

11.8 (10.5) /
7.5 (8.9)

12.0 (10.8) /
7.7(1.7)

17.0 (14.1) /
10.5 (8.6)

19.5 (11.3)/
12.1 (9.8)

264.2 (202.5) /
196.2 (166.7)
385.6 (284.9) /
287.9 (227.9)
540.9 (474.1) /
322.2 (373.2)
552.9 (488.3) /
332.9 (311.2)
758.7 (613.3) /
463.0 (363.0)
862.8 (506.6) /
516.2 (418.2)

14 (66.7%) /
14 (66.7%)
413 (25)/
421 (2.3)

17 (85%) /
17 (85%)
40.6 (2.0) /
41.8 (1.9)

14 (93.3%) / 15
(100%)
415 (1.4)/42.5
(1.6)

3.7 (2.0)/
3.3 (2.4)
8.8 (10.4) /
6.4 (5.1)
10.7 (10.8) /
6.7 (5.8)
13.6 (10.7) /
7.3(7.0)
18.4 (14.2) /
9.6 (8.7)
19.4 (11.4) /
8.8 (6.1)

197.4 (114.2) /
165.1 (126.5
391.8 (432.5) /
297.1 (231.1)
502.8 (447.9) /
278.3 (244.8)
609.2 (479.6) /
317.8 (280.4)
817.8 (620.6) /
400.7 (323.7)
884.6 (546.3) /
388.7 (258.8)

17 (80.9%) /
16 (76.2%)
41.1(1.9)/
432 (2.0)

16 (80%) /
15 (75%)
405 (1.9) /
42.2 (1.9)

15 (93.7%) / 15
(93.7%)
41.3 (1.5)/42.2
(1.6)

4.0 (3.6)/
3.0(2.2)
3.6 (3.3)/
2.6 (1.9)
5.9 (6.7) /
4.1 (3.9)
7.2 (6.8)/
4.9 (4.5)
7.5(8.1)/
6.5 (6.9)
6.9 (7.7)/
5.7 (6.6)

186.9 (161.1) /
143,8 (106,7)
166.9 (149.9) /
122.0 (88.4)
277.3 (311.0) /
193.8 (179.6)
328.9 (323.0) /
226.2 (191.5)
336.0 (353.1) /
281.0 (280.5)
309.6 (336.4) /
241.9 (255.2)

11 (52.3%) /
11 (52.3%)
40.8 (1.8)/
42.3(2.2)
13 (65%) /

13 (65%)

40.0 (2.0)/
42.0 (2.1)

13 (92.8%) / 14
(100%)
41.8 (1.7)142.4
(1.7)

? Missing data were not taking into consideration to calculate the %.
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Table 2. Interrater reliability of the R2 onset latency of the nBR. Ip: electrical pinprick
threshold, ICC: intra-class correlation coefficient, V1R: right supraorbital nerve, V2R: right
infraorbital nerve, V2L: left infraorbital nerve, V3R: right mental nerve, RMS: root mean
square, AUC: area-under-the-curve.

Measurements ICC ICC -95% CI P- Value
ViR
200% of I 0.57/0.57 0.05-0.86/-0.11 - 0.91 0.010/0.008
300 % of Ip 0.60/0.73 0.05-0.88/0.06 — 0.93 0.021/0.001
V2R
200% of Ip 0.43/0.77 -0.23-0.81/0.35-0.93 0.090/0.002
300 % of Ip 0.45/0.44 -0.01-0.77/-0.06 - 0.79 0.023/0.030
V2L
200% of I 0.08/0.11 -0.21-0.50/-0.20 — 0.56 0.330/0.280
300 % of Ip 0.61/0.64 0.14-0.86/0.14—-0.88 0.009/0.009
V3R
200% of I 0.42/0.06 -0.52-0.89/-0.58-0.78 0.180/0.495
300 % of Ip -0.56/0.43 -0.90-0.18/-0.14-0.83 0.965/0.043
ViR
200% of I 0.39/0.50 -0.24 - 0.75/-0.07 - 0.85 0.040/0.110
300 % of Ip 0.74 /0.40 0.36 —0.90/-0.08 - 0.75 0.001 /0.056
V2R
200% of Ip 0.70/0.64 0.34-0.88/0.21-0.86 0.001/0.003
300 % of Ip 0.49/0.56 0.02-0.80/-0.08-0.7 0.028/0.010
V2L
200% of I 0.46/0.30 0.06 —0.77 /-0.15-0.69 0.020/0.090
300 % of Ip 0.51/0.28 0.04 -0.80/-0.11-0.65 0.010/0.050
V3R
200% of I 0.39/0.44 -0.28-0.79/-0.33-0.84 0.110/0.110
300 % of Ip 0.57/0.42 -0.11-0.89/-0.15-0.85 0.054 /0.052
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Table 3. Intra and interrater reliability of the R2 reflex occurrence (yes/no) (Kappa) of the
nBR. Ip: electrical pinprick threshold, V1R: right supraorbital nerve, V2R: right infraorbital
nerve, V2L: left infraorbital nerve, V3R: right mental nerve, RMS: root mean square, AUC:
area-under-the-curve.

Measurements Kappa P-Value

V1R

200% of Ip 0.63/0.50 0.002 /0.020
300 % of Ip 0.40/0.71 0.060/0.001
V2R

200% of Ip 0.70/0.70 0.001/0.001
300 % of Ip 0.63/0.80 0.002 / < 0.001
V2L

200% of Ip 0.53/0.42 0.010/0.040
300 % of Ip 0.62/0.68 0.005/0.002
V3R

200% of Ip 0.60/0.43 0.003/0.050
300 % of Ip 0.30/0.36 0.120/0.100
ViR

200% of Ip 0.70/0.52 0.001/0.010
300 % of Ip 0.81/0.90 <0.001/<0.001
V2R

200% of Ip 0.90/0.81 < 0.001/<0.001
300 % of Ip 0.57/0.78 0.01/<0.001
V2L

200% of Ip 0.44/0.50 0.04 /0.020
300 % of Ip 0.47/0.68 0.02 /0.002
V3R

200% of Ip 0.69/0.49 0.001/0.010
300 % of Ip 0.80/0.80 <0.001/<0.001
V1R

200% of Ip 0.67/0.52 0.001/0.010
300 % of Ip 0.63/0.88 0.004 / < 0.001
V2R

200% of Ip 1.00/0.76 < 0.001/<0.001
300 % of Ip 0.88/0.89 < 0.001 /<0.001
V2L

200% of Ip 0.82/0.63 <0.001 /0.002
300 % of Ip 0.85/0.70 <0.001 /<0.001
V3R

200% of Ip 0.89/0.89 < 0.001 /<0.001

300 % of Ip 0.70/0.79 0.001 /< 0.001
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2.2. ARTICLE 2

Is the nociceptive blink reflex associated with psychological factors in healthy

participants?
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Abstract

Background: The aim of this study was to evaluate the possible association between the

nociceptive blink reflex (nBR) and various pain-related psychological measures: the Anxiety
Sensitivity Index-3 (ASI-3), the Fear of Pain Questionnaire III (FPQ-III), the Pain Vigilance
and Awareness Questionnaire (PVAQ), the Somatosensory Amplification Scale (SSAS), the

Pain Catastrophizing Scale (PCS) and the Situational Pain Catastrophizing Scale (S-PCS).

Methods: The nBR was evaluated in 21 healthy participants and was elicited by a
“nociceptive-specific” electrode placed over the entry zone of the right supraorbital,
infraorbital and the mental nerve and left infraorbital nerve. The outcomes were 1) nBR

measurements: a) individual electrical sensory (/) and pain thresholds (/p), b) root mean
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square (RMS), area-under-the-curve (AUC) and onset latencies of R2 responses, ¢) stimulus-
evoked pain on a 0-10 numerical rating scale; and 2) ASI-3, FPQ-III, PVAQ, SSAS, PCS and
S-PCS. Pearson correlation coefficient was used to associate the average of nBR
measurements among all sites and the questionnaires. The significance level was set up after a

Bonferroni correction (adjusted a=.8%).

Results: There was no correlation for any pair of variables considering the adjusted
significance level (p>.008) and only a single significant correlation considering the standard
significance level (p <.05), where the pain intensity (NRS) at 50% of Ip presented a positive

and small to moderate correlation with the PCS (r = 0.43, p =.047).

Conclusion: It seems that the nBR and its associated psychophysical measures are not

associated with psychological factors in healthy participants.

Keywords: Nociceptive Blink Reflex, Pain-related Anxiety, Pain Vigilance, Somatosensory

Amplification, Pain Catastrophizing.
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1. Introduction

The development of the biopsychosocial medical model and the identification of motivational
and cognitive aspects of the pain can be regarded as important milestones in the
understanding of the pain mechanisms and the pain experience in all its complexity."* Many
studies have highlighted the crucial role of psychological factors for pain perception.”™ In
brief, psychological characteristics are of significant importance for the etiology.’ diagnosis,’
treatment,® and prognosis ° of pain disorders and also for experimental pain outcomes. '* !

Hence, it is essential to consider the psychological factors when dealing with pain in the

clinical and research field.

The nociceptive blink reflex (nBR) is designed to almost selectively activate the nociceptive
afferents.'? This electrophysiological test has been used to elucidate aspects of the pain
mechanisms e.g., modulation of the pain perception and alterations in pain processing, and is
regarded as a valid method to assess trigeminal nociceptive function.'”" The physiology and
anatomical distribution of the nBR can be described as follows: a) the peripheral pathways
consist of trigeminal cutaneous fibers, responsible for the afferent limb and a group of motor
fibers of the facial nerve, which constitute the efferent limb; b) the central pathways consist of
interneurons located at the main and spinal trigeminal and the facial nucleus. Therefore,
considering its anatomo-physiological arrangement, the nBR may help in the diagnostic of
lesions that could affect the afferent and / or efferent limbs '® Although there is no consensus
about the complete validity of the nBR to activate only small nociceptive fibers, mainly
because of lack of neurophysiological evidence regarding the selective small fiber activity,
pain mechanisms of primary headaches and chronic orofacial pain have been addressed using

the nBR paradigm.'”* Furthermore, important studies have been published concerning the
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technical aspects of the nBR, e.g., stimulation parameters >' and the description and properties
of the electromyography (EMG) recordings.”> However, to the best of our knowledge, there

are no studies about the possible association with psychological factors for the nBR.

Taking into account the painful characteristic of the nBR test, an association between the nBR
and psychological variables might be expected. Furthermore, considering that the nBR can be
influenced by the startle response,” this presumed association is also a plausible hypothesis.
There is evidence that the startle response can be influenced by psychological factors, since
high levels of anxiety sensitivity are associated with heightened startle reactivity. ** Finally,
there is also evidence towards the influence of attention in the perceptual processing of BR

responses. 25

Based on that, the aim of this study was to evaluate the correlation between the nBR and
psychological factors related to pain-related anxiety, vigilance to pain, somatosensory
amplification or trait and situational pain catastrophizing. According to the objective, the

overall hypothesis was: the nBR is, indeed, associated with psychological factors.

2. Materials and Methods

2.1 Participants

Healthy participants of both genders were recruited for this study using the convenience
sampling method. All participants were staff members at Aarhus University and from the
local community. Inclusion criteria were: age > 18 years old and good health without any
orofacial pain complaints or headache disorders. On the other hand, the exclusion criteria
were: serious dental or medical illness, self-reported psychiatric or personality disorders and

inability to communicate or reading in English.
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This study was performed in accordance with the Helsinki Declaration II and had the approval
from the Central Denmark Region Ethics Committee. All participants gave their voluntary

consent after a full explanation of the experiment procedures.

2.2 Variables

The outcomes of this study were the nBR test and the following questionnaires: a) the
Anxiety Sensitivity Index-3 (ASI-3);%® b) the Fear of Pain Questionnaire III (FPQ-III);*’ ¢) the
Pain Vigilance and Awareness Questionnaire (PVAQ);*® d) the Somatosensory Amplification
Scale (SSAS);? e) the Pain Catastrophizing Scale (PCS);* and f) the Situational Pain

Catastrophizing Scale (S-PCS).*!

2.2.1 nBR

The nBR was performed in a quiet and acclimatized room (20°C). Two surface self-adhesive
EMG electrodes (Neuroline 720, Ambu ®, Denmark) were placed on both orbicularis oculi
muscles regions to record the muscle activity and the ground electrode was attached to the
wrist."” '® The recorded signals were amplified and band-pass filtered between 20-1000 Hz
with a sampling rate of 2000 Hz (Nicolet Viking™, Natus Medical Inc., USA). A custom
built planar concentric electrode consisting of a central metal cathode and external anode ring
with a diameter of, respectively, with 0.5 and 5 mm was used to elicit the nBR by stimulation
of all three branches of the trigeminal nerve.'? Each sweep comprised a train of three pulses
with duration of 0.3 ms and inter-pulse interval of 3 ms and was applied to the skin directly
above the entry zones of the right supraorbital (V1R), infraorbital (V2R) and the mental
(V3R) nerve and also the left infraorbital (V2L) nerve.'® The stimulation order among the

branches was previously randomized by a computer-generated sequence.




48 Articles

The individual sensory (/y) and pain thresholds (/p) to the electrical stimulation were
determined prior to the nBR recordings using an up-down staircase method consisting of 5
series of ascending and descending stimuli (0.2 mA increment rate) *'. The I, was defined as
the lowest stimulus intensity that evoked a sensation, whereas the /p was the lowest intensity

that evoked a sharp pin-prick like pain sensation.'”'®

For each site, the nBR recordings consisted of 6 stimulation blocks consisting of 6 individual
sweeps with an inter-stimulus interval of 15-17 s to minimize habituation.'® The intensities of
the blocks were 50, 100, 150, 200, 300 and 400% of /p and the order was also randomized by
a computer-generated sequence. To avoid the overlapping with the startle reaction and the
related R3 responses, the first stimulus of each block was clearly announced to the participant.
Furthermore, the participants were asked to score the stimulus-evoked pain intensity at the
end of each block with the aid of a 0-10 numerical rating scale (NRS) with 0 indicating no

pain at all and 10 indicating worst pain imaginable.'” '*

The analyzed outcomes for the nBR considering each site were: a) the [y (mA); b) the Ip
(mA); the EMG recordings of the R2 responses at each stimulus intensity, quantified as, c) the
root mean square (RMS) (uV) and, d) area-under-the-curve (AUC) (uV x ms) of the rectified
and averaged sweeps in the time window from 27-87 ms;* e) the onset latencies (ms) of the
R2 responses at 200 and 300% of /p measured for the averaged sweeps; f) the stimulus-

evoked pain intensity (NRS) at each stimulus intensity.

2.2.2 ASI-3
The ASI-3 is s self-report questionnaire consisting of 18 items and it is used to measure the

anxiety sensitivity, i.e., fear of anxiety-related sensations considering that they have adverse
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consequences.”® The items are rated on a 5-point scale ranging from 0 (agree very little) to 4
(agree very much) and the final score is the sum of all individual items.? Its psychometric
properties have shown acceptable values for factorial validity (comparative fit index = 0.97)

and reliability (Cronbach’s alpha > 0.75).%°

2.2.3 FPQ-III

The FPQ-III is a self-report questionnaire consisting of 30 items and it is used to measure the
fear related to specific stimulus situations, e.g., fear related to severe pain (breaking your
leg).”’” The items are rated on a 5-point scale ranging from 1 (not at all) to 5 (extreme) and the
final score is the sum of all individual items.*’ Its psychometric properties have shown

acceptable values for factorial validity (robust-comparative fit index = 0.91) and reliability

(Cronbach’s alpha = 0.93).*

2.2.4 PVAQ

The PVAQ is s self-report questionnaire consisting of 16 items and it is used to measure the
attention to pain.”® The items are rated on a 6-point scale ranging from 0 (never) to 5 (always)
and the final score is the sum of all individual items.?® Its psychometric properties have shown

acceptable values for retention (corrected item-total score correlations ranging from 0.36 to

0.76) and reliability (Cronbach’s alpha = 0.92).%*

2.2.5 SSAS

The SSAS is a self-report questionnaire consisting of 10 items and it is used to measure the
sensitivity to unpleasant bodily experiences.*’ The items are rated on a 5-point scale ranging
from 1 (not at all true) to 5 (extremely true) and the final score is the sum of all individual

items.” Its psychometric properties have shown acceptable values for concurrent validity
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(linear regression coefficient ranging from 0.20 to 0.63) and reliability (Cronbach’s alpha =

0.71).%

2.2.6. PCS

The PCS is a self-report questionnaire consisting of 13 items and it is used to measure the
impact of catastrophic thoughts on past painful experiences.’” The items are rated on a 5-point
scale ranging from 0 (not at all) to 4 (all the time) and the final score is the sum of all
individual items.*® Its psychometric properties have shown acceptable values for factorial

validity (robust-comparative fit index = 0.98) and reliability (Cronbach’s alpha = 0.95).%*

2.2.7S-PCS

The S-PCS is a self-report questionnaire consisting of 6 items adapted from the PCS
questionnaire and it is used to measure the thoughts or feelings experienced during laboratory
procedures (e.g. the nBR test).*' The items are rated on a 5-point scale ranging from 0 (not at
all) to 4 (all the time) and the final score is the sum of all individual items.*' Its psychometric

properties have shown acceptable values for reliability (Cronbach’s alpha = 0.87).°

2.3 Design
One examiner evaluated the nBR in a single session lasting approximately 1.5 hours and all

questionnaires were applied immediately after the measurements of the nBR.

2.4 Statistics
The descriptive analysis of the nBR measurements (/y, /p, RMS, AUC, latency and NRS),
expressed as means and standard deviation (SD) along with a description of the reflex

occurrence can be found elsewhere.*” The questionnaire outcomes were expressed as mean
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(SD), range (maximum and minimum) and the 95% confidence interval (CI) for the mean was
also described. All the quantitative variables were assessed for normal distribution using the
Kolmogorov-Smirnov test and a log 10 transformation was performed when the test results

were significant, considering an alpha level of 5% (p <.05).

The Pearson product-moment correlation coefficient was used to associate the average of nBR
measurements among all sites as an overall measure of the nBR elicited by electrical
stimulation of the trigeminal nerve, regardless of the branch, and all the questionnaires: a)
ASI-3; b) FPQ-III; ¢c) PVAQ; d) SSAS; e) PCS; ) S-PCS. The strength of correlation was
evaluated based on the r coefficient, and the following score system was used to interpret the
results: small (r = 0.3), moderate (r = 0.5) or strong (r = 0.7) correlation.*® The sample size in
this study was insufficient for use of regression models. Accordingly, in order to adjust for
multiple comparisons, a prior planned Bonferroni correction lowered the significance level to
0.8% (p = .008) as the cut-off point to establish the statistical significance considering the
correlation between the average of nBR measurements among all sites and the questionnaires.
Each nBR measurement was considered as a family of comparisons, regardless of the
stimulation intensity, and all the questionnaires were regarded as another family. Therefore,
the familywise error rate was established considering 6 multiple comparisons and, according
to the Bonferroni formula (.05 / k, where k = number of comparisons), an alpha level as P =
.008 was set up. All tests were carried out using the software STATISTICA, v 12 (StatSoft

Inc., USA).

3. Results
This study included twenty-one healthy participants with a mean age (SD) of 29.3 years (3.7)

and the following gender distribution: 62 % (n = 13) female and 38% (n = 8) male. The
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description of the questionnaires scores is presented in Table 1. None of the participants rated
the maximum score in any particular questionnaire and the mean of all, except FPQ-III and
SSAS, were below 50% of the maximum score. Also, 4.7% of the sample rated the minimum

score for the ASI-3, 9.5% for the PCS and the 14.2% for the S-PCS.

There was no significant correlation for any pair of variables after Bonferroni correction (p >
.008). However, there was a significant correlation considering the standard significance level
(p <.05), where the pain intensity (NRS) at 50% of Ip presented a positive and small to

moderate correlation with the PCS (r = 0.43, p =.047) (Table 2).

4. Discussion

The results of this study did not support the hypothesis of association between psychological
factors and the nBR measurements and the main findings can be summarized as follows: a)
after the correction for multiple comparisons, no significant correlations were found between

the nBR measurements and the psychological factors.

Considering that healthy participants comprised the sample one could expect the
psychological assessment outcomes to be within a range of “normal” values. In fact, the mean
results in this sample for the ASI-3 indicated normative forms of anxiety sensitivity (score <
13).2 Furthermore, the values of FPQ-III and PVAQ were also similar to clinical non-pain
samples.’>** SAS scores over 30 could reflect high somatization and the normal values

ranged from 24-29,>-3

which agreed with the study mean score of 27.9. Finally, the PCS
scores were also similar with non-patient populations.** However, the mean values of the S-

PCS were lower in comparison with the S-PCS scores of healthy participants under
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laboratory-induced pain tests, e.g., heat pain tolerance.’' This could be explained by
differences in the applied procedures. Since the S-PCS is closely related with the painful
experience, lower values could be expected for lesser painful tests. Finally, it could be
speculate that previous pain experiences might have affected the participants’ responses, even
though none of them reported to have painful conditions and considering that all

questionnaires have previously been successfully applied in the general population. 2% 2% 3!

The lack of significant associations between the nBR and the associated psychophysical
measurements after the adjustment for multiple comparisons was an interesting finding.
Considering the nociceptive characteristic of the test and the battery of stimulations
intensities, one would expect significant associations, at least between the reported pain
intensities associated with the nBR and some of the questionnaires. For instance, there is
evidence that the PCS is significantly correlated with cold pressor-induced pain intensity *°
and the S-PCS is strongly associated with experimental pain outcomes and predicted pain
threshold in healthy participants.*® Also, healthy participants with high levels of anxiety
sensitivity present short detection latency for electrical stimuli.*' The normal level profile
regarding anxiety sensitivity presented by the sample could account for the results of no
association between /y and /p and the ASI-3. The relationship between the perception of
experimental pain and the FPQ-III, which also measures pain-related anxiety constructs, is
influenced by gender differences, being associated with low pain tolerance levels to heat pain
only in healthy women.** So, considering that pain-related anxiety could be affected by
gender differences,* the gender distribution pattern of this study can partially account for the
findings of no association. Furthermore, vigilance to pain was related to sensitivity to heat
pain in experimental models.*® It is plausible that the association between psychological

factors measured by these instruments and experimental pain outcomes is test-dependent and
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could not be regarded as a general association with experimental pain experiences. Finally,
there is no evidence about the relationship between the SAS and experimental pain
conditions, although patients with a history of myofascial pain report high levels of

somatosensory amplification.**

Not only were there no significant correlations after correcting for multiple comparisons, but
even considering the standard significance level of 5%, there was only one significant
association, which was potentially caused by chance given the high number of computed
correlations. Therefore, it is possible to assert that the nBR test seems not to be strongly
related with psychological factors and it may be less prone to bias regarding the psychological
confounders. These confounders are important to control for when considering other tests

used in pain research, such as quantitative sensory testing (QST).*

This study has several limitations that must be highlighted. First, the sample size was
considered insufficient for use of regression models which is the best approach to analyze
multiple correlations considering a single dependent variable. Second, the high number of
questionnaires could be considered unnecessary and somehow confusing given the sample
size. Nevertheless, it is important to state that the objective was to perform a potentially
hypothesis-generating screening and the option for the specified questionnaires was based on
their potential to be associated with pain tests, as already described. Furthermore, the possible
influence of other psychological aspects not properly assessed with the applied
questionnaires, such as attentional bias, depression symptoms and trait anxiety, could not be
ruled out and warrant future research. One technical aspect that deserves to be mentioned is
regarding the placement of the stimulation electrode. Even though such attachment was

12,17, 18

defined according to previous reports on the same technique, other areas with high
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concentration of nerve fibers, e.g. lips, could provide a more effective painful stimulus. Future
studies are warranted to address this topic. Finally, the results should be generalized with
caution, considering that in a patient population with chronic pain disorders, the relationship

between psychological factors and the nBR may be different.

5. Conclusion

It seems that the nBR and its associated psychophysical measures may not be significantly

associated with psychological factors related to pain-related anxiety, vigilance to pain,

somatosensory amplification or trait and situational pain catastrophizing. However, sound

conclusions remain to be confirmed and further investigations are required in pain populations

with more pain-related psychological distress.
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Tables

Table 1. Psychological characteristics of the sample. ASI-3: Anxiety Sensitivity Index-3.
FPQ-III: Fear of Pain Questionnaire III. PVAQ: Pain Vigilance and Awareness
Questionnaire. SSAS: Somatosensory Amplification Scale. PCS: Pain Catastrophizing Scale.

S-PCS: Situational Pain Catastrophizing Scale.

Questionnaire Mean (SD) 95% CI of Mean Range
Population
Mean (SD)’
ASI-3 12.0 (9.1) 7.9-16.2 0-41
12.8 (10.6)
FPQ-II 81.9(23.7) 71.0-927 37-133
78.2 (18.1)
PVAQ 38.2 (14.7) 31.5-450 9-67
33.54 (13.18)
SSAS 27.9 (6.1) 25.0-30.7 16 — 37
26.1 (7.0)
PCS 16.7 (10.7) 11.8-21.6 0-35 13.87 (10.11)
S-PCS 3.0(2.6) 1.8-42 0-10
4.93 (3.89)°

" These values are described in the following references: #26, #32, #33, #39, #33 and #40.
2 Values based on supra threshold heat stimuli and cold pressor tests (Reference #40).
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Table 2. Pearson product moment correlations between the Anxiety Sensitivity Index-3 (ASI-
3), the Fear of Pain Questionnaire III (FPQ-III), the Pain Vigilance and Awareness
Questionnaire (PVAQ), the Somatosensory Amplification Scale (SSAS), the Pain
Catastrophizing Scale (PCS) and the Situational Pain Catastrophizing Scale (S-PCS) and the
nociceptive blink reflex (nBR) measurements. /, = individual sensory threshold, /p=
individual pain threshold, NRS = Numerical Rating Scale, RMS = root mean square (RMS

puV), AUC = area-under-the-curve (AUC, pV x ms).

nBR measurements r / p-value

ASI-3 FPQ-III PVAQ SAS PCS S-PCS

Thresholds (mA)

o
Ip

0.33/.13 0.18/.42 0.16 /.48 0.41 /.06 0.20/.38 0.19/.39
0.25/ .26 0.29/.18 0.05/.82 0.43/.05 0.16/ .47 0.24 /.29

Pain Intensity (NRS) — % of I

50%
100%
150%
200%
300%
400%
RMS
50%
100%
150%
200%
300%
400%

017/.44  -020/.37 010/.64  016/.46  043/.04  027/.22
-0.00/.99 010/.65  020/.36 -006/.77 020/.37  0.29/.19
005/.80 025/.27 031/.16  -001/.95 024/28  0.31/.17
-0.05/.82 028/.20  0.16/.46  -015/.50  0.03/.87  0.35/.11
-0.07/.73 0.29/ .19 0.15/ .49 -0.13/.55 0.04 /.83 0.35/.10
0.04 /.86 0.17/ .51 -0.09/.73 -0.17 /.52 -0.06 /.80 0.36/.15

(HV) - % of I
-0.18 /.42 0.34/ .13 0.03/.88 0.04 / .84 0.18 / .41 0.19/ .40
0.21/.33 0.26/.23 -0.03 /.88 0.27 /.22 0.08 /.72 0.29/ .19
028/21  027/21 -005/.82 034/.12 -004/.85  0.30/.08
042/.05 029/19  005/.82  039/.07 004/.84  0.34/.12
041/.06 017/43  -011/.62 040/.07 -008/.72  0.41/.06
043/.09 026/.38 -0.03/.88 025/.33  020/.43  0.44/.08

AUC (MV x ms) — % of Ip

50%

100%
150%
200%
300%
400%

-0.18 /.41 0.35/.11 0.05/.82 0.03/.87 0.20/.36 0.19/.39
0.20/.37 0.28 /.20 -0.00/.98 0.27 /.22 0.11/.62 0.30/.17
0.27 /.23 0.28 /.21 -0.03/.89 0.32/.15 -0.02/.90 0.38/.08
0.42/.05 0.31/.16 0.09/.67 0.41/.06 0.07/.75 0.34/.12
0.39/.07 0.18/.41 -0.09/ .66 0.41/.06 -0.04 /.83 0.41/.06
0.41/.12 0.25/.34 -0.04 /.87 0.23/.38 0.20/ .44 0.43/.08

Latency (ms)

200%
300%

Ip -0.30/ .22 0.18/ .47 -0.18/ .46 -0.32/.19 -0.32/.18 -0.18/ .47
Ip -0.41/.08 -0.03 /.88 -0.01/.94 -0.24/ .33 0.07 /.75 -0.16 / .51
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3 DISCUSSION

The main findings of this systematic evaluation of the nBR were: a) the ICCs and
Kappa values of the nBR are acceptable for clinical and research application; b) the
stimulation intensities at 200 and 300% of Ir showed the highest coefficients whereas the
stimulations on the V3R presented the lowest ones; c) there were no significant correlations
between the nBR measurements and the psychological factors even though some positive
correlations between the nBR measurements of RMS and AUC at 200 (1) and 300% (2) of Ir,
the ASI-3 (3), SSAS (4) and S-PCS (5) almost reached the the statistical significance level of
5%. (Table 2, Article 2).

Reliability analysis

The first article of this study focused on the estimation of reliability parameters of the
nBR. Despite its widespread use, only two studies have presented some reliability
measurements (KATSARAVA et al., 2002; VON DINCKLAGE et al., 2010), but considering
that their main purposes were not the estimation of this important aspect of medical tests, so
far, informative and systematic results were lacking. Therefore, our findings provide
evidences for the quality and suitability of the nBR test and the associated psychophysical
measurements and it stresses its value for clinical neurophysiologic practice. Furthermore, the
distribution of the ICCs calls attention to the technical aspects of the nBR measurements.
First, the fair to excellent reliability coefficients for the Ir indicated that it is possible to
establish a reproducible electrical stimulation pain threshold using the specific design of a
concentric surface electrode. One can argue that the psychophysical aspect of the nBR, which
defines the stimulation intensities of the nBR recordings, could be considered a shortcoming,
since the patient cooperation and attention account for the results. However, our ICCs showed
the individualized threshold determination as an acceptable method. Nonetheless, the low
inter-individual variation of the Ir values indicates that it can be plausible to use absolute and
standardized intensities of stimulation, which may reduce the subjectivity of the test. Further
research is required to explore this important aspect in detail. Another interesting detail
regarding the stimulation intensity was the high coefficients for the nBR measurements
considering the intensities at 200 and 300% of Ir, which indicate more stable responses within
these amplitudes. Finally, there is no established guideline on how to perform the nBR, e.g.,

analysis of signal averaging versus single trials, differences in the stimulus intensity and ISI,
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number of the stimulation blocks and which EMG parameters to use. Although there is
evidence pointing out a better performance of some technical aspects (KATSARAVA et al.,
2002; VON DINCKLAGE et al., 2010), there is no published protocol summarizing all the

methodological details with scientific support.

The different ICCs among the trigeminal branches, in particular the poor reliability for
the V3 division is also an interesting finding. The inconsistency of nBR responses from this
branch could be associated with the short ISI (15-17 s) adopted in this study that could
contribute to an accentuated habituation. In fact, there is evidence showing that the BR can be
consistently elicited from V3 division only with long ISIs (around 30 s) (JAASKELAINEN,
1995). Future research should address if different ISIs can affect the reliability not only for
the V3R, but also for the other trigeminal nerve branches. We cannot rule out a cumulative
habituation effect considering the sequence of stimulation in 4 different sites of the same
nerve (trigeminal nerve). Nevertheless, since we randomized the sites and stimulation

intensities, any claimed cumulative habituation effect was randomly distributed.

The onset latency is a subjective part of the nBR test, because it is dependent upon the
examiner experience and expertise. Also, the time framing for the latency recording allows
only a small variability for the values, which means that in this specific situation it is difficult
to distinguish the “true” variability from the measurement error (BANNIGAN; WATSON,
2009). All of that could explain the “less than optimal” reliability parameters for the latency
assessment. Furthermore, we can see a “learning” effect, or at least a “convergent” evaluation
when comparing the readings of the 1 trial (after one calibration session) with the 2" trial
(after a recalibration session). The examiner qualifications, degree of training and clinical
background are important factors for the reliability estimation (KOTTNER et al., 2011). In
such scenario it is important to highlight the differences in the clinical expertise regarding the
nBR test between the two examiners of this study. The first examiner did not have any
previous experience in the nBR assessment, whereas the second examiner had previous
experience in the nBR test. Probably, different examiners with a daily contact and long
experience with the nBR test could achieve higher coefficients. On the other hand, we cannot
rule out the assessment bias of the examiners or the Hawthorne effect (MCCAMBRIDGE;
WITTON; ELBOURNE, 2014), considering that both examiners were aware that their
readings would be compared each other. All in all, these factors should be taken into

consideration to evaluate not only our results, but also any reliability study.
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Psychological factors analysis

By definition, the nBR is a painful procedure (KAUBE et al., 2000). Accordingly, it
would be expected some association between psychological factors and the nBR test, mainly,
with the associated psychophysical measurements. We tested the liner correlation between
psychological factors related to pain-related anxiety, vigilance to pain, somatosensory
amplification or trait and situational pain catastrophizing with the results of the 1* trial of the
nBR and we could not find any association. To some extent, it was an unexpected result,
considering that these psychological factors, i.e., pain-related anxiety, vigilance to pain,
somatosensory amplification or trait and situational pain catastrophizing, are associated with
other pain-related tests, such as, cold-pressor pain, heat pain threshold and pressure pain

threshold (SULLIVAN et al., 2004; CAMPBELL et al., 2010; BAUM et al., 2011).

Although our findings suggest that the psychological factors could not affect the nBR
measurements, sound conclusions remain to be established considering the limitations for this
specific part of the study. First, we reported the results of multiple comparisons with a small
sample size. So, the risk for type II error is higher than the standard 20% established for
hypothesis testing. The report of possible associations between psychological factors and the
nBR was a secondary aim for this study and the sample size was not calculated taking into
account the specific design of multiple linear regression, where, as general rule, requires
between 15-20 subjects for each independent variable to be included in the model. Also,
controlling for sex differences was not suitable also because of the small sample. There is
evidence that psychological factors are differently associated with the pain-related events
when comparing males and females (THIBODEAU et al., 2013). On the other hand, the
trends toward statistical significance for some associations might not be totally neglected
(Table 1, Annex). For instance, the probability values for the correlation between the ASI-3
and the RMS and AUC at 200 and 300% of Ir could require further investigation with a
sample size where is it is possible to analyze the effect of high and low anxiety sensitivity.
This distinction can also be applied for the S-PCS, considering that a high pain-related
catastrophizing might influence the nBR outcomes. A large sample size is required to

properly perform such sub-group analysis.

Other psychological aspects, not properly assessed with the questionnaires applied for

this study, such as, attentional bias, depression symptoms and trait anxiety, could be
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associated with the nBR. Taking into account the biopsychosocial model, it is presumable and
generally accepted that psychological factors are important in any painful event (ENGEL,
1977). However, the tools used to assess these psychological factors sometimes are not
straightforward, which is partially explained by the nature of the measured phenomenon, i.e.,
subjective constructs. Accordingly, studies with questionnaires should be analyzed with
caution, since it not possible to rely on their information as a comprehensive psychological
assessment. Finally, the results of non-linear correlation do not rule out other possible types of
association, such as, curvilinear or exponential. The need for further clarification on this
regard considering a bigger sample size and other instruments can also be justified by various
trends towards statistical association found in our study. Interestingly, the majority of these
trends were related to nBR measurements within the intensity interval between 200 and 300%
of Ir, which also presented the highest reliability coefficients. Therefore, the technical aspects

of the nBR also might account for a possible association with psychological factors.
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4 CONCLUSIONS

Based on the studies described in this thesis, we conclude that:

1. The nBR and its associated psychophysical measures can be considered an adequately

reliable test to evaluate the trigeminal nociceptive function.

2. The nBR and its associated psychophysical measures seem not linear nor significantly
associated with psychological factors related to pain-related anxiety, vigilance to pain,

somatosensory amplification or trait and situational pain catastrophizing.
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