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Introduction: Activation of the trigeminovascular system and 
sensitization of brainstem trigeminal nuclei play a significant role in the 
physiopathology of migraine. Our aim was to investigate blink reflex (BR) 
and its recovery in episodic and chronic migraine patients.

Methods: Twenty-eight chronic migraine patients, thirty-two episodic 
migraine without aura patients and thirty healthy controls were 
included in the study. The study was performed using a portable 
electromyography device with a software specifically prepared for BR. 
Blink reflex assessments were performed in patients during the pain-
free period and in healthy controls using the ‘standard method - double 
stimulation’ technique in 200 ms, 500 ms, 1000 ms, 2000 ms, and 5000 
ms intervals.

Results: Blink reflex recovery was significantly increased in both patient 
groups as compared to the control group in 200 ms interstimulus interval 
(ISI) on both sides (p<0.005). Moreover, when it was compared to the 
control group, recovery was also significantly increased in the chronic 
migraine group in 2000 ms ISI on the right side and in 5000 ms ISI on the 
left side as well as in 500 and 1000 ms ISIs on the left side in the migraine 

without aura group (p<0.002, p<0.003). R2 recovery curve was noted to be 
higher in both patient groups as compared to the control group, although 
could not be demonstrated statistically in all intervals. A statistically 
significant increase was observed in the migraine group without auras 
compared with the controls (p <0,037, p <0,011) in the left side at 500 
and 1000 ms ISIs. For all intervals in our study, although the increase in 
recovery was not statistically significant, it was noted that the R2 recovery 
curve was higher in the patient groups, with respect to the normals. The 
increase in R2 recovery noted in both patient groups suggested increased 
sensitization of the trigeminal structures. Significantly increased recovery 
in low ISI (200 ms) in the two patient groups as compared to the control 
group raised the thought that the migraine brain goes through two 
different excitability periods (ictal and interictal).

Conclusion: In conclusion, similar to the previous studies, the findings 
of this study suggested that there was a reduction in central inhibitory 
mechanisms during interictal period in migraine patients.

Keywords: Blink reflex, blink reflex recovery, migraine, chronic migraine, 
trigeminal system
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Activation of the trigeminovascular system and sensitization of brainstem 
trigeminal nuclei play a significant role in the pathophysiology of migraine. 
It is thought that cortical and subcortical structures associated with 
nociceptive and antinociceptive systems become functionally overactive 
in both during the migraine attack, and interictal period. It has been 
proposed that there is loss of inhibition in control of pain transmission, 
and abnormality in cortical control of pain in chronic migraine (1–4).

Blink reflex (BR) is an objective electrophysiological method used in 
the evaluation of the trigeminovascular system, and is obtained by 
electrical stimulation of the supraorbital nerve (5). The afferent pathway 
is constituted by the ophthalmic branch of the trigeminal nerve, and 
its efferent pathway is constituted by the facial nerve (6–8). Blink reflex 
includes two ipsilateral responses, and one contralateral response (R1

, 

R2
, 
and R2 c, respectively) (9). R1 response indicates the direct synapse 

between the main sensory nucleus of the trigeminal nerve and ipsilateral 
facial motor nucleus. All components of the reflex arc are located in 

the pons. The neural circuit mediated by the R2 component of the BR 
involves the trigeminal caudal nucleus, excitatory interneurons of the 
bulbopontine lateral reticular formation, and pontine facial nuclei 
innervating orbicularis oculi. R2 response is modulated by segmental 
and suprasegmental mechanisms. Therefore, it is possible to evaluate the 
excitability of brainstem reticular formation, and corticoreticular tracts 
by R2 recordings. While changes in R2 latency result from abnormal 
synaptic transmission in the brainstem and interneuronal excitability, 
changes in R2 areas have been mostly associated with changes in the 
control of higher central structures (7, 10).

Double stimulation technique for BR was first described by Kimura (11). 
The first response is elicited by a conditioning stimulus, and the second 
response is the test stimulus. The initial conditioning stimulus induces the 
reflex response reflecting the input reaching the facial motor neurons. 
The second test stimulus reflects the capacity of interneurons with altered 
excitability due to the first stimulus to transmit the second stimulus (8, 10).

INTRODUCTION
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Imaging studies conducting on patients with migraine have revealed 
increased brainstem activity, and suggested that the brainstem might 
be a migraine generator. BR can be used to investigate the polysynaptic 
connections in the brainstem of patients with migraine (10, 12). In studies 
investigating BR in patients with migraine, changes in R2 response area 
(increase in R2 recovery) by double stimulation technique are important 
findings suggesting the presence of impairment in central inhibitory 
mechanisms (13). During migraine attacks, the area-under-the-curve of 
R2 was found to be increased on the affected side (14). The patients with 
chronic migraine showed no R2 abnormalities (15), while the patients 
with frequent attacks displayed shorter R2 latencies (16) compared with 
the healthy controls. In this study, we aimed to investigate the differences 
of BR response in patients with episodic and chronic migraine by the 
double stimulation technique.

METHODS
Sixty patients who were admitted to the outpatient headache clinic, 
and diagnosed with migraine according to 2004 IHS classification, and 
30 healthy controls were also included. Patients were divided into two 
groups; Group 1 (n=32; 24 females, 8 males) consisted of patients with 
migraine without aura, and Group 2 (n=28; 25 females and 3 males) 
consisted of patients with chronic migraine. The healthy controls were 
designated as Group 3 (n=30; 20 females and 10 males).

The exclusion criteria of the patients included history of more than two 
attacks in a month, receiving prophylactic treatment within the last three 
months, history of excessive use of symptomatic drug, having pain within 
the last 72 hours, having another disease affecting the electrophysiological 
evaluations or the fifth or seventh cranial nerves, and having abnormal 
structure of the brainstem by cranial imaging. The tests were performed 
during the interictal (at least 3-day pain-free) period. The control group 
consisted of age- and gender-matched subjects. Subjects having a 
disease affecting electrophysiological evaluations, and having a history 
of any primary or secondary headache according to IHS classification 
were excluded. The study was approved by the Ethics Committee of 
Bakırköy Research and Training Hospital for Psychiatry, Neurology and 
Neurosurgery. Written and verbal informed consent were obtained from 
all of the migraine patients and controls included in the study.

Keypoint-portable electromyography (EMG) device with 24 kHz 
resolution and Keypoint-Net Program (a software specifically prepared for 
BR) was applied. Patients were asked to refrain from smoking, consuming 
alcohol, or taking any other medications 3 hours prior to EMG recording. 
We utilized the conventional method, and used a standard electrode to 
elicit the BR (2, 5). Blink reflex assessments were performed by using the 
standard method-double stimulation technique in 200 ms, 500 ms, 1000 
ms, 2000 ms, and 5000 ms intervals.

For standard BR assessment, sweep speed of the EMG device was set 
in 50–800 ms/division interval according to interstimulus interval. 
Amplitude sensitivity was set in 100–200 µV/division, upper and lower 
frequency filters were set between 10 Hz and 200 kHz. The patient was 
in supine position, and relaxed with eyes open. The active electrode 
was placed inferior and lateral to the orbicularis oculi muscle while 
the reference electrode was placed on the nose. Ground electrode was 
placed on the chin. Supraorbital nerve was stimulated over the medial 
eyebrow by surface subcutaneous Ag-AgCl stimulating electrodes using 
unilateral electrical shocks. The patients were stimulated first from 
the right, and then the left side for each time, and each group and the 
bilateral responses were recorded.

At the beginning of the test, stimulations were performed with 1 mA 
increases, and the minimum current level of single electrical stimulus 

producing a consistent >50 mV R2 response was defined as the R2 
threshold intensity. The subjects were asked to identify their first sensation, 
which was subsequently defined as their individual sensory threshold. 
The 5–7 times of the individual threshold value was used for the test. In 
case stimulus intensity (SI) caused discomfort for the patient, the test was 
continued by reducing SI. For the assessment of BR, each individual’s pain 
threshold was determined. The value just below the value at which the 
patient felt discomfort was accepted as the level of stimuli.

Double stimuli consisting of the first conditioning stimulus, and the 
second test stimulus were randomly performed in 200 ms, 500 ms, 
1000 ms, 2000 ms, and 5000 ms intervals. Recordings were performed 
simultaneously from both orbicularis oculi muscles. In order to prevent 
habituation, at least a 30 second waiting period was required between 
interstimulation intervals (ISIs). For every ISI, 6 stimulations were 
performed, the elicited responses were rectified, and their average 
was noted. In the conventional method, the classical range (28–42 ms) 
was used for R2. The onset of latency was measured according to the 
principle based on a signal ascended over 50% in respect to the basal 
value. The shortest latency response, “peak to peak” amplitude, and area 
values were determined. The amplitudes of the EMG responses of the 
blink reflex show individual variations in different people. Nonetheless, 
the following values (M±SD) have been suggested as normal: 0.38±0.23 
mV for the ipsilateral R1 component, 0.53±0.24 mV for the ipsilateral 
R2 component, and 0.49±0.24 mV for the contralateral R2 component. 
The values were obtained both by the first conditioning stimuli (R2 c), 
and the second (test) stimuli (R2t). The amplitude and the latencies were 
calculated by measuring the values obtained by the conditioning stimuli. 
Only R2 area values were calculated using the both values obtained by 
the conditioning stimuli, and the test stimuli.

Blink reflex recovery curve (BR-RC) is the functional graphic representation 
of the percent change, in which y-axis indicates the proportion of the area 
response (mV.ms) elicited by the second stimulus to the area response 
calculated by the first stimulus (R2t area/R2 c area), and x-axis indicates 
the ISIs (200 ms, 500 ms, 1000 ms, 2000 ms, 5000 ms).

Statistical Analysis
Comparison of A, B, C, D, E intervals (ISI of 200 ms, 500 ms, 1000 ms, 2000 
ms, and 5000 ms, respectively) in each three groups were performed 
by repeated analysis of variance (ANOVA) test. The cross-sectional 
comparisons between groups were performed by one-way ANOVA. For 
post hoc comparisons, Bonferroni was used for repeated ANOVA, and 
Tukey honestly significant difference test was used for one-way ANOVA. 
T-test was used for the comparison of R2 and R2 c. The relationship 
of EMG variables with clinical parameters was assessed by Pearson 
correlation coefficient. Gender distributions were analyzed by chi-square 
test. A p value <0.05 was considered as significant.

RESULTS
The mean age was 32±7 years in Group 1, 36±8 years in Group 2, and 
34±8 years in controls. There was no significant difference between the 
three study groups in terms of age and gender. The mean duration of 
pain was 9.94±8.1 years in the Group 1, and 12.5±8.6 years in the Group 
2. The mean pain frequency was 4.3±2.5 days/month in Group 1, and 
16.6±4.1 days/month in Group 2. The duration of process of migraine 
becoming chronic was 2.68±2.6 years in Group 2. The mean visual analog 
scale (VAS) pain scores were 8.5±1.4 in Group 1, and 7.5±1.4 in Group 2. 
In the patients with migraine without aura, pain was bilateral in 53% of 
the patients, and unilateral in 47% of the patients, whereas in the chronic 
migraine group pain was bilateral in 39% of the patients, and unilateral in 
61% of the patients. Neurological examination, routine blood tests, and 
cranial imaging results were normal in the patient groups.
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The mean SI was 24.8±10.37 mA in Group 1, 22.6±4.5 mA in Group 2, 
and 19.8±6.2 mA in the control group. There was no significant difference 
between the three groups in terms of right, left, and mean SI values 
(p=0.33, p=0.70, p=0.36, respectively) (Table 1 and 2).

R2 recovery was found to be significantly increased in 200 ms ISI in both 
sides (right and left) in both Group 1 and 2, compared to the control group 
(p=0.005). Compared to the control group, recovery was significantly 
increased in Group 2 in 2000 ms ISI on the right side, and in 5000 ms 
ISI on the left side (p=0.002, p=0.003, respectively), as well as in 500 and 
1000 ms ISIs on the left side in Group 1 (p=0.037, p=0.011, respectively) 
(Table 3). However, no significant relationship was found between this 
finding, and the lateralization of pain.

R2 recovery curve examples from the control group can be seen in Figure 
1–4. Although significant differences were noted between patient groups 
and controls in some intervals, the increase in R2 recovery could not be 
demonstrated statistically in all intervals. However, R2 recovery curve was 
noted to be higher in patient groups compared to controls even in these 
intervals (Figures 5 and 6). When two patient groups were compared, no 
significant difference was noted with respect to recovery. No significant 
relationship was noted between recovery values, and clinical parameters 
(pain duration, pain severity, side of pain, duration of process of pain 
becoming chronic and VAS scores).

DISCUSSION
The relationship between migraine and the trigeminovascular system 
has been reported in many studies (17–20). The migraine brains are 
thought to be different in terms of organization and functional capacity. 
Regarding the pain mechanism in migraine; electrophysiological studies 

Table 1. Latency, amplitude and area values of R variables elicited 
from right and left side in blink reflex examination of the study groups

Group 1
 (EM)

Group 2
 (CM)

Group 3
 (Control) F P

R1_LaR_5tot 10.34±0.95 9.96±0.91 10.33±0.79 1.7 0.1892

R2_LaR_5tot 31.96±2.82 31.16±2.83 34.32±2.98 9.6 0.0632

R2_AmpR_5tot 0.08±0.04 0.09±0.05 0.08±0.04 0.21 0.8133

R2_AreaR_5tot 1.05±0.48 1.05±0.49 0.94±0.51 0.56 0.5752

R2 c_LaR_5tot 33.63±3.03 32.99±2.96 35.87±3.08 7.41 0.0611

R2 c_AmpR_5tot 0.08±0.05 0.08±0.04 0.08±0.04 0.19 0.8282

R2 c_AreaR_5tot 0.94±0.61 0.95±0.51 0.86±0.58 0.21 0.0811

R1_LaL_5tot 10.45±0.97 9.98±0.87 10.49±0.85 2.83 0.0647

R2_LaL_5tot 32.76±3.41 32.19±2.77 34.41±3.33 3.83 0.0654

R2_AmpL_5tot 0.1±0.09 0.08±0.04 0.07±0.04 1.38 0.2581

R2_AreaL_5tot 0.97±0.48 0.9±0.39 0.83±0.49 0.75 0.4762

R2 c_LaL_5tot 33.96±2.97 34.46±3.46 36.68±3.04 6.42 0.0625

R2 c_AmpL_5tot 0.07±0.05 0.08±0.04 0.07±0.04 0.31 0.0731

R2 c_AreaL_5tot 0.82±0.54 0.83±0.53 0.74±0.46 0.26 0.7751

La, Latency; Amp, Amplitude; R, Right; L, Left; 5tot, The sum of values elicited in all 5 
interstimulation intensities; EM, episodic migraine; CM, chronic migraine. 

Table 2. Latency, amplitude and area values of the mean R 
variables (right+left/2) elicited from right and left side in blink reflex 
examination of the study groups

Group 1
 (EM)

Group 2
 (CM)

Group 3 
(Control) F P

R1_LaX_5tot 10.4±0.9 9.97±0.82 10.41±0.76 2.58 0.0817

R2_LaX_5tot 32.36±2.95 31.67±2.68 34.37±2.91 7.07 0.0614

R2_AmpX_5tot 0.09±0.05 0.08±0.04 0.08±0.04 0.57 0.5673

R2_AreaX_5tot 1.01±0.45 0.97±0.38 0.88±0.45 0.74 0.4817

R2 c_LaX_5tot 33.79±2.85 33.72±3.03 36.28±2.72 7.73 0.0678

R2 c_AmpX_5tot 0.07±0.04 0.08±0.04 0.07±0.04 0.28 0.7594

R2 c_AreaX_5tot 0.88±0.53 0.89±0.51 0.8±0.51 0.25 0.7756

La, Latency; Amp, Amplitude; X, The mean value (right+left/2); 5tot, The sum of 
values elicited in all 5 interstimulation intensities; EM, episodic migraine; CM, chronic 
migraine. 

Table 3. Blink reflex-R2 area recovery percentages (%) in the study 
groups for each ISIs

Group 1
 (EM)

Group 2
 (CM)

Group 3
 (Control) F P

Recovery
R_200 ms

23.51±24.86 30.73±37.16 7.93±14.69 5.52 0.0055

Recovery
R_500 ms

58.81±29.62 60.39±29.76 44.97±28.13 2.52 0.0864

Recovery
R_1000 ms

87.39±26.24 75.37±20.66 73.85±36.25 2.09 0.1297

Recovery
R_2000 ms

89.65±25.26 98.96±25.43 77.32±17.27 6.5 0.0023

Recovery
R_5000 ms

91.55±25.24 102.97±28.52 88.73±24.87 2.39 0.0976

Recovery
L_200 ms

26.39±26.63 34.56±29.86 11.63±16.76 6.34 0.0027

Recovery
L_500 ms

69.94±37.68 63.78±26.38 48.57±34.94 3.28 0.0422

Recovery
L_1000 ms

85.89±26.1 75.52±24.07 68.01±20.4 4.46 0.0143

Recovery
L_2000 ms

98.83±29.18 107.21±38.58 89.8±26.55 2.2 0.1171

Recovery
L_5000 ms

93.23±20.53 105.34±31.74 83.66±19.66 5.77 0.0044

R, right; L: left, EM; episodic migraine, CM; chronic migraine. 

of trigeminal pathways using BR and corneal reflexes have indicated 

that trigeminal nociceptors are stimulated during the migraine attack, 

and continue to be stimulated during the interictal period as well (1, 2). 

Chronic pain studies have revealed findings suggesting that pain generally 

results from the dysfunction of diffuse inhibitory control mechanisms 

(3). Changes in R2 response area by double stimulation technique is an 

important finding that suggests the presence of impairment in central 

inhibitory mechanisms (11).
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Several studies have been conducted using repetitive stimuli, and BR 
recovery curve. Shifting of the BR recovery curve to higher levels in low 
ISIs is suggestive of increased excitability of brainstem interneurons 
participating in polysynaptic R2 circuit. This can be explained by the 
loss of inhibition in brainstem interneurons caused by abnormal input 
coming from suprasegmental structures due to the impairment of central 
inhibitory mechanisms (7, 21).

In a study using standard BR technique in patients with migraine without 
aura, R1 latencies were not found to be different from the control group, 
while R2 latencies were noted to be significantly longer compared to the 
control group. These findings can be regarded as an objective evidence 
for the hypothesis that trigeminal afferents or polysynaptic transmission 
is affected in the brainstem of patients with migraine. However, it was not 
specified in this study whether or not the measurements were performed 
during the migraine attacks (22). In contrast, we did not find a significant 
difference between R2 latencies of the patient groups and controls. This 
can be attributed to the fact that BR measurements were performed 
while the patients were in the pain-free period, although R2 is known to 
be associated with caudal spinal trigeminal nucleus.

Figure (1–4); Legends (Examples of the Blink Reflex (BR); each curve represents the 
recordings of BR from a control subject)

Figure 1. Blink reflex responses (rectified) with 6 stimulation in 200 ms interstimulation 
interval.

Figure 2. The averaged blink reflex responses of Figure 1.

Figure 3. The rectified and averaged blink reflex responses in 500 ms interstimulation 
interval.

Figure 6. Blink reflex recovery curves for each study group for the left side.

(Figure 5–6; x-axis: proportion of the area response (mV. ms) means R2t area/R2 
area; y-axis: ISI)

Figure 5. Blink reflex recovery curves for each study group for the right side.

Figure 4. The rectified and averaged blink reflex responses in 1000 ms interstimulation 
interval.
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In a study performed in patients with cervicogenic headache, chronic 
tension-type headache, and migraine, R2 latency and amplitude values 
were found to be normal in migraine patients who underwent BR 
measurements performed using standard electrical stimulation during 
their interictal period (23). Similarly, in the present study, the patient and 
control groups were comparable with respect to R2 latency, amplitude, 
and area values. However, both patient groups were significantly different 
from the control group with respect to R2 recovery curve obtained using 
the double stimulation technique in 200 ms interval. On the other hand, 
there was no significant difference between the two patient groups in 
this respect.

Aktekin et al. (24) found no significant differences between the migraine 
patients and control group with respect to the latency of the R1 and 
R2 components, and the amplitude and size of the R2 component of 
the BR during the interictal period. Therefore, they concluded that 
the dysfunction of the trigeminal system that was specific to migraine 
patients was transient. In the above-mentioned study, the authors 
found diminished recovery of the R2 component at the 300- and 500-
ms interstimulation intervals in the tension-type headache group as 
compared to the other two groups (migraine without aura and control 
groups). According to these findings, the authors thought that different 
underlying mechanisms took a part in the pathogenesis of migraine and 
tension-type headache. The authors reported short interstimulation 
interval and small sample size as the limitations of their study (24).

According to our results, R2 recovery was significantly increased in 200 ms 
ISI in both sides (right and left) in both migraine groups as compared to 
the control group (p<0.005). In the chronic migraine group, a significantly 
increased recovery was noted in 2000 ms ISI on the right side, and in 
5000 ms ISI on the left side (p=0.002 and p=0.003, respectively). In the 
migraine without aura group, on the other hand, there was a significantly 
increased recovery in 500 and 1000 ms ISIs on the left side as compared 
to the control group (p=0.037 and p=0.011, respectively). Unlike Aktekin 
et al., we observed an increase in R2 recovery in migraine patients.

In another study, BR latency and amplitude were studied during attacks 
in tension-type headache, and migraine patients. Low amplitude values 
returned normal with sumatriptan injection (25). The authors advocated 
that a temporary dysfunction occurred only during the attack phase 
of migraine led to an abnormality in the R2 component, and that this 
dysfunction returned to normal thereafter. The finding of the present 
study that there was a significant difference between the patient and 
control groups with respect to R2 recovery during the interictal period 
was consistent with the findings of a more recent study, suggesting that 
there was a dysfunction in inhibitory mechanisms in the pain-free period, 
and that the migraine brain goes through different excitability periods 
(26). According to another study, bilateral increases in the cortical and 
trigeminal excitability were shown in migraine patients with allodynia, 
and rTMS was effective for reducing clinical allodynia (27).

Methodological differences between studies might create a controversy 
while comparing the results. On the other hand, there is no recommended 
single method or gold standard for BR studies in migraine, or other 
primary headaches.

According to the normal data, R2 responses exhibit greater facilitation at 
higher ISIs. While R2 responses may completely disappear in ISIs shorter 
than 200 ms, they may exhibit approximately 40% to 50% increased 
recovery in 500 ms ISI, and approximately 70% to 90% increased recovery 
in 1500 ms ISI (8, 12). When we compared the two patient groups with 
each other, there was no significant difference between the two groups 
with respect to recovery. However, when the findings were analyzed 
according to ISI, we found that an increase in R2 recovery in 200 ms ISI, 

the lowest ISI, noted during the pain-free period in the chronic migraine 
group persisted in higher ISIs (in 2000 and 5000 ms ISIs), and concluded 
that this might indicate increased trigeminal sensitization.

In conclusion, the findings of this study supported that cortical and 
subcortical structures associated with nociceptive and antinociceptive 
systems became functionally overactive, and that there was a reduction in 
inhibitory mechanisms during interictal period in both types of migraine. 
This study provided electrophysiological evidence that interneuronal 
brainstem pathways can be altered in patients with episodic and chronic 
migraine. There is limited number of studies investigating trigeminal 
sensitization in migraineurs through the study of the BR. For more accurate 
comparison, studies should evaluate pre-, peri- and post-attack periods. 
Further studies with larger group of patients are needed to understand the 
central inhibitory mechanisms of trigeminal sensitization in migraineurs.
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