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INTRODUCTION
Migraine is one of the most common types of primary 
headache. General population studies have confirmed its 
high prevalence as well as its high socio-economic and 
personal burden [1]. According to recent data, migraine is 
the third most common disorder and the seventh-largest 
specific cause of disability worldwide [1].

Migraine – is a chronic relapsing disease with episodic 
manifestations and ability to progress in people who have 
high genetic predisposition or high susceptibility to chronic 
exposure of risk factors [2]. As important risk factor for 
the progression of episodic migraine (EM) and subsequent 
conversion of EM into chronic migraine (CM) – in case 
of paroxysms’ frequency increasing up to 15 or more per 
month, is considered abdominal obesity (AO) [3migraine 
and tension-type headache,4]transformed migraine (TM. 
On the other hand, AO is of particular importance due to 
the fact that it can be effectively modified.

Despite the fact that headache is the most striking clinical 
sign, migraine is primarily a sensory processing disorder. It 
is considered that in the chronicity of migraine headache 
is involved activation of the trigeminovascular system and 
sensitization of the trigeminal nucleus in the brainstem, 
as well as disturbances of the central inhibitory antinoci-
ceptive control mechanisms. 

Sensitization is a complex extended in time process: de-
creasing the intensity of stimulus which is necessary for the 
formation of a response and increasing the amplitude of the 

reaction to a given stimulus [5]. Cutaneous allodynia is a 
sensation of pain or discomfort due to irritation of ordinary 
thermal (heat or cold) and/or mechanical (static or dynamic) 
stimuli on normal skin [6]. Nowadays, cutaneous allodynia 
is considered as a clinical marker of central sensitization as 
well as an independent predictor of migraine chronification, 
that can be easily identified [7,8]000 headache sufferers pre-
viously identified from the population. The questionnaire 
included the validated Allodynia Symptom Checklist (ASC.

Neurophysiological tests, including studies of the nociceptive 
blink reflex (nBR), had become an important tool for investiga-
tion of cerebral irritability, central and peripheral mechanisms 
of perception and chronicity of pain [9]. The study of nBR is 
an objective non-invasive quantitative neurophysiological 
method used to assess the functions of the trigeminal system 
because the afferent part of the reflex arc is represented with 
nociceptive trigeminal fibers [10]. This reflex is obtained by 
special stimulating concentric electrode by means of supraor-
bital nerve stimulation on one side of the face, with subsequent 
ipsilateral and contralateral responses [11].

THE AIM
The objectives of this study were to assess the clinical (cu-
taneous allodynia) and neurophysiological (characteristics 
of R2 nBR component) markers of the nociceptive trigem-
inal-cervical pathway sensitization in the abdominally 
obese patients with EM and CM.
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ABSTRACT
The aim of this study were to assess clinical (cutaneous allodynia) and neurophysiological (R2 nBR component) markers of the nociceptive trigeminal-cervical pathway sensitization in the 
abdominally obese patients with episodic (EM) and chronic migraine (CM). 
Materials and methods: It had been recorded nBR within interictal period in 79 migraineurs with EM and CM who had abdominal obesity (AO) and normal body weight (NBW). 
Results: Patients with EM and AO had significantly lower pain thresholds than patients with EM and NBW – 0,55 (0,34-0,63) μV vs 0,70 (0,59-1,03) μV. The mean latency of R2 nBR 
component was significantly decreased in patients who had EM and AO (36,59 (31,95-42,41) ms) compared to patients who had EM and NBW(46,75 (42,93-52,34) ms). It had been revealed 
significant increasing of the mean amplitude of the component R2 nBR in patients who had EM and AO (158 (115-197) μV) compared to patients who had EM and NBW (124 (76-144) 
μV). In patients who had CM and AO, it had been found direct positive correlation between the amplitude of R2 nBR and severity of cutaneous allodynia – τ=0,4 (p=0,03), as well as found 
negative correlation between the latency of R2 nBR and severity of cutaneous allodynia – τ=-0,44 (p=0,02) within the interictal period of migraine.
Conclusions: Neurophysiological findings may indirectly indicate faster migraine chronification in patients with EM and AO.
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MATERIALS AND METHODS
After signing the informed consent, the study included 
patients of both genders aged from 18 to 65 years with 
migraine (according to ICHD-3, 2019) who had normal 
body weight (NBW) – the value of the body mass index 
less than 25 kg/m2 and AO. AO was diagnosed in case of 
waist circumferences more than 102 cm in men and more 
than 88 cm in women [12].

Depending on the frequency of migraine attacks, it had 
been formed patient group who had EM (less than 15 a 
month) and patient group who had CM (15 or more a 
month). We recruited 20 patients with EM and NBW, 19 
patients with EM and AO, 19 patients with CM and normal 
body weight, and 21 patients with CM and AO.

Data was collected directly in contact with patients using 
the structured questionnaire, which included data about 
disease duration (years), frequency of migraine attacks per 
month), and average duration of migraine attacks (hours). 
Throughout the socio-demographic characteristics of pa-
tients, the age and gender of the patients were analyzed. 
Quantitative and qualitative characteristics of cutaneous 
allodynia (mechanical, dynamic, thermal) were studied 
using the ASC-12 questionnaire [13]and to estimate the 
prevalence and severity of CA in the migraine population. 
METHODS: Migraineurs (n = 11,388. 

In order to study the possible dysfunctions of neurons in 
the brainstem, the specific nBR component R2 was studied. 
nBR was illicited by selective stimulation of the A-δ fibers 
of the supraorbital nerve (without depolarization of the 
nociceptive A-β fibers in the deeper layers of the skin) 
by special electrode with a high current density (inomed 
Medizintechnik GmbH, Emmendingen , Germany, http://
www.inomed.com) [11].

Exclusion criteria for all patient groups were: the age 
under18 years or above 65 years, the presence of peripheral 
facial or trigeminal neuropathy, dermatological diseases, 
clinical depression and anxiety (the subscale value of the 
Hospital Anxiety and Depression Scale is 11 or more 
points [14]), severe drug dependence (the value of the 
LDQ questionnaire is 23 or more points [15]by the Leeds 
Dependence Questionnaire (LDQ), botulinum toxin treat-
ment for the past three months.

EXPERIMENTAL PROCEDURE
The nBR evaluation was performed at the same time of the 
day (between 13.00-16.00) using «Neurosoft» MEP-4 elec-
troneuromyography (LTD «Neurosoft», Russia, Ivanovo) 
within the interictal period: at least two days after the last 
attack, but for patients with CM a slight chronic headache 
was allowed. The patient was supine with his eyes closed 
during recording. Threshold values of sensory and pain 
perception were defined as the minimum stimulation in-
tensity that caused tactile and pain sensation, respectively. 
First, we determined sensory and pain thresholds in the 
supraorbital region on both sides using a single ascending 
impulse with a step of 0.1 mA, a duration of 0.2ms, and inter-
val between stimulations of 15-20 s (randomized interval). 

For the patient’s comfort and for shortening of procedure 
duration, we provided one-sided stimulation. The concentric 
electrode was placed in the area of the supraorbital region, 
approximately 10 mm above the foramen supraorbialae, to 
stimulate the supraorbialae nerve on the right. An electric 
stimulus intensity of 1.5 × individual pain threshold value 
was used to induce nBR. We did not use stimulation intensity 
more than 2 mA in order to minimize the risk of A-β fibers 
activation [11]. Stimulation was repeated after the next 20 s 
(randomized inter-pulse interval) to obtain at least 11 con-
secutive responses. The first recording was excluded from 
the analysis as possible startle response. Surface discharge 
electrodes for nBR recording were placed in the infraorbital 
region (active) and in the nasal back area (reference). For 
recording were used the following characteristics: sampling 
rate – 2.5 kHz, sweep length – 7.5 ms, analysis time – 200 
ms and sensitivity – 75 μV.

The following parameters were measured of the ipsilateral 
and contralateral R2 nBR component: latency (ms), mean 
amplitude (μV), area under the curve (using ImageJ in pix-
els), habitat index (as the percentage change of the R2 area 
of the first block compared to the tenth block of recordings).

In the analysis of quantitative values, the normality 
of their distribution was checked using the Kolmogor-
ov-Smirnov test. Quantitative values had a nonparametric 
distribution and were presented as median (Me) and in-
terquartile (25% -75%) range (Q1-Q3). Significant differ-
ences between quantitative values was performed using the 
Mann-Whitney paired U-test (between two independent 
groups). Correlations were estimated using the τ Kendall 
rank correlation coefficient. A p-value <0,05 was consid-
ered as statistically significant.

RESULTS 
Among patients with CM and AO, compared with patients 
with CM and normal body weight, it had been found a sig-
nificantly shorter duration of the disease – 10 (8-15) years 
vs. 8 (6-10) years (p = 0.03), and significantly lower age – 38 
(31-46) years vs. 31 (28-36) years (p = 0.03), respectively. 
These peculiarities may indirectly indicate faster migraine 
chronification in abdominally obese patients. 

Table 1 demonstrates that patients with EM and AO had 
significantly lower pain thresholds than patients with EM 
and NBW (p = 0.03) and the later had pain thresholds 
almost equal to pain thresholds in patients with CM.

Table 1. The values of pain thresholds depending on the type of migraine 
and the presence of AO, Me (Q1-Q3)

Groups of patients Pain thresholds, (μV)

ЕМ, NBW 0,70 (0,59-1,03)

CМ, NBW 0,61 (0,48-0,83)

ЕМ, АО 0,55 (0,34-0,63)*

CМ, АО 0,72 (0,49-0,91)

* – significant differences, according to the Mann–Whitney U test, 
compared with patients who had EM and NBW.
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As can be seen from Table 2, the mean latency of R2 nBR 
component was significantly decreased in patients who 
had EM and AO compared with patients who had EM and 
NBW. Whereas no significant difference was observed in 
the groups with СM, regardless of body weight.

The mean amplitude of the R2 nBR component was 
significantly higher in the EM patients’ groups compared 
to the СM patient’s groups, regardless of anthropometric 
characteristics. Additionally, it had been revealed a signif-
icant increasing of the mean amplitude of the component 
R2 nBR in patients who had EM and AO compared with 
patients who had EM and NBW.

In all patient’s groups, there were no significant differ-
ences in the mean duration of the R2 nBR component.

As can be seen from table 3, habituation deficit, as a 
specific electrophysiological symptom of EM within the 
interictal period, was not observed in patients with AO. In 
the contrary, normal rates of habituation were recorded, 
which is characteristic of CM and ictal periods of EM. 

In patients who had CM and AO, it had been found direct 
positive correlation between the amplitude of R2 nBR and 
severity of cutaneous allodynia – τ=0,4 (p=0,03), as well as 
found negative correlation between the latency of R2 nBR 
and severity of cutaneous allodynia – τ=-0,44 (p=0,02) 
within the interictal period of migraine.

DISCUSSION
This is the first study that provides electrophysiological 
evidence about possible alteration of nociceptive trigeminal 
pathway in the brainstem in abdominally obese patients 
with migraine.

The neural circuit mediated by the R2 component nBR 
includes supraorbital nerve, trigeminal caudal nucleus, 
excitatory interneurons of reticular formation, facial motor 

nuclei and facial nerve that innervate the circular muscles 
of the eye [16]. Central sensitization of trigeminal spinal 
nuclei causes depolarization of cutaneous trigeminal axons 
and, as a consequence, changes in R2 component nBR. [17]. 
Response of R2 component nBR is modulated by segmental 
and supra-segmental mechanisms [18]. The lowered pain 
thresholds within interictal periods in individuals who had 
EM and AO, may indicate some modulation of descending 
pain system due to antinociceptive deficiency.

We observed significant differences of R2 component pa-
rameters in patients with EM and AO. Latency decreasing 
and amplitude increasing of R2 nBR component can be 
considered as facilitation in trigeminal nociceptive system. 
Facilitation of trigeminal nociceptive system likely is as-
sociated with migraine-specific brainstem hypersensitivity 
[19]. According to our findings, facilitation of trigeminal 
nociceptive system is most pronounced in patients with 
AO, and it can be ground for more frequent migraine par-
oxysms occurrence. Neurophysiological reactions during 
episodic headaches at first are adaptive and physiological, 
but in process of time they become maladaptive and 
pathological, eventually creating a vicious circle for chronic 
headache development [20]. Headache evolution process 
is associated with neural plasticity of brain excitability, 
with biochemical, functional and even structural changes 
[21]. Comorbid conditions, in particular AO, contribute 
to this process [22].

Habituation is a phenomenon of reduced response af-
ter repeated stimulation [23]. Habituation is a common 
physiological feature of responses to any type of sensory 
stimulation. In terms of algology, habituation helps to save 
a healthy balance between nociceptive and antinociceptive 
systems. According to previous studies, phenomenon of 
habituation deficit was observed in the interictal phases of 
EM [24,25] and it may represent a basic problem of sensory 
perception and processing in patients with migraine [26]. 
According to our findings, abdominally obese patients 
hadn’t habituation deficit within interictal periods of EM, 
on the contrary, they had normal indicators of habituation, 
which are typical for CM and ictal periods of EM [27], so it 
can be described as follows – «the attack that cannot stop». 
Also it had been suggested, that habituation changes may 
be associated with transforming of EM into CM [28], and 
AO can be actively involved it these processes.

According to our study, metabolic disorders in particular, 
local and systemic inflammation, that are related to AO [29], 

Table 3. The value of the habituation index, Me (Q1-Q3)
Group of patients Habituation index

ЕМ, NBW 0,87 (0,82-0,94)

CМ, NBW 0,41 (0,26-0,48)

ЕМ, АО 0,58 (0,32-0,84)*

CМ, АО 0,49 (0,29-0,74)

* – significant differences, according to the Mann–Whitney U test, 
compared with patients who had EM and NBW.

Table 2. Parameters of R2 nBR component, Me (Q1-Q3)

Group of patients
Parameters of R2 nBR

latency, ms amplitude, μV duration, ms

ЕМ, NBW 46,75 (42,93-52,34) 124 (76-144) 46,7 (45,8-52,3)

CМ, NBW 49,42 (39,27-54,52) 85 (71-110)* 48,3 (41,9-49,6)

ЕМ, АО 36,59 (31,95-42,41)* 158 (115-197)* 49,2 (40,7-50,8)

CМ, АО 52,84 (37,21-56,54) 93 (62-118)*  ** 42,6 (39,0-50,7)

* – significant differences, according to the Mann–Whitney U test, compared with patients who had EM and NBW;
** – significant differences, according to the Mann–Whitney U test, compared with patients who had EM and АО.
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may influence on the brainstem sensory and supra-seg-
mental processing and in this manner contribute to central 
sensitization and accelerate migraine chronification.

CONCLUSIONS
1.  Patients with AO are significantly younger and have 

significantly shorter migraine duration, compared to 
normal body weight patients that may indirectly indi-
cate faster migraine chronification.

2.  Episodic migraineurs with AO have some neurophys-
iological abnormalities compared to normal body 
weight migraineurs (significantly lower pain thresholds, 
amplitude increasing and latency decreasing of the 
R2 component nBR within interictal periods, normal 
habituation indicators).

3.  Patients with CM and AO have reliable correlations be-
tween R2 nBR characteristics and cutaneous allodynia 
severity.

Perspectives for future research. These results may be 
useful for better understanding the role of trigeminal 
complex in the pathophysiology of headache, for moni-
toring patients during migraine episodes, or evaluating 
response to the treatment. The greater contribution of 
electrophysiological testing could be helpful for identifi-
cation of migraineurs groups and could serve as a strategy 
for personalized migraine treatment.
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