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ABSTRACT

Introduction: Occipital nerve stimulation
(ONS) is a specific form of peripheral neuro-
modulation used in the treatment of chronic
pain disorders. A particular field of application
is in the therapy of treatment-refractory head-
aches, especially of chronic migraine. The pre-
cise mode of action is unknown. It is presumed
that central and peripheral sensitization are
reduced in patients with chronic headache. The
aim of this study was to examine the effect of
ONS on pain-modulatory mechanisms in the
trigeminocervical area in patients with chronic
migraine.
Methods: In a balanced repeated measurements
design in eight patients with chronic migraine
with and without active ONS, we analyzed

which effects ONS had on the orbicularis oculi
reflex dynamically elicited by corneal air flow.
Results: The orbicularis oculi reflex in active
ONS (7.38 ± 20.14 eyelid closures/minute)
compared to inactive ONS (18.73 ± 14.30 eye-
lid closures/minute) is significantly reduced
(p = 0.021).
Conclusions: The results show that under
active ONS compared to inactive ONS in
patients with chronic migraine, the orbicularis
oculi reflex, dynamically triggered by a stan-
dardized air flow, is significantly reduced. This
suggests that ONS is able to directly counteract
the trigeminally mediated central sensitization
in chronic migraine and protectively reduce the
effects of aversive peripheral stimulation.
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Key Summary Points

Why carry out this study?

Occipital nerve stimulation (ONS) is a
special form of peripheral
neuromodulation for the treatment of
chronic pain disorders, especially
treatment-refractory headaches such as
chronic migraines.

The exact mechanism of action is not
known. A reduction in central and
peripheral sensitization in patients with
chronic headaches is assumed.

In order to confirm this hypothesis,
patients with chronic migraine with and
without active ONS should be investigated
to determine which effects the ONS has
on the orbicularis-oculi-reflex triggered
dynamically with an air stream.

What was learned from the study?

The results show that in active ONS
compared to inactive ONS in patients
with chronic migraine, the orbicularis
oculi reflex is significantly reduced.

This indicates that ONS is able to directly
counteract the trigeminally mediated
central sensitization in chronic migraine.
This could protectively reduce the effects
of aversive peripheral irritation.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13713841.

INTRODUCTION

Occipital nerve stimulation (ONS) is a specific
form of peripheral neuromodulation used in the
treatment of chronic pain disorders. A particu-
lar field of application is in the therapy of
treatment-refractory headaches, especially of
chronic migraine [3, 5, 8, 10, 12, 15, 22, 24,
25, 27, 29, 31, 37]. ONS targets central pain
processing mechanisms by electrical stimula-
tion of the greater occipital nerve. The idea of
using occipital nerve stimulation for the treat-
ment of headache was described as early as 1977
[23]. In 1999, Weiner and Reed published its
application in 12 patients suffering from
occipital neuralgia [34]. This study was the
starting point for a large number of further
studies on clinical application and possible
mechanisms of action [3, 5, 11, 12, 19, 20, 22,
25, 26, 29, 35]. Neuromodulation aims to
modulate the function of the anatomical
structures and pathways that play a role in
headache mechanisms for therapeutic purposes.
External electrical stimuli are intended to act
therapeutically on intrinsic electrical signals
and pain modulation [16].

The exact mode of action of the ONS is not
yet known. Several theories are discussed. In
chronic migraine, increased sensitization of
pain circuitry with increased ventral postero-
medial nucleus (VPM) neuronal firing is
assumed. The mode of action of ONS could
involve attenuation of neurons in the VPM of
CM rats [33]. An effect of the ONS on central
sensitization and impaired conditioned pain
modulation (CPM) was also shown in humans.
ONS stimulates the distal branches of C1, C2,
and C3. This enables the procedure to possibly
alter the nociceptive traffic to the
trigeminocervical complex, brainstem, and
supranuclear connections. Under ONS, a nor-
malization of the CPM response following ONS
was shown. This could indicate a reduction in
central sensitization through ONS in migraine
patients [36]. ONS modulates the responses of
the ’trigeminocervical complex’ (TCC) neurons
to light mechanical input by GABAergic and
glycinergic mechanisms. This modulation is
mediated by GABAergic and glycinergic
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mechanisms and can have an inhibitory effect
on nociception in the spinal and medullary
dorsal horn neurons [9]. In a positron emission
tomography (PET) study, ONS stimulation
resulted in activation in the dorsal lateral pre-
frontal cortex, comprising the medial pain
pathway, the ventral medial prefrontal cortex,
and the bilateral anterior cingulate cortex as
well as the parahippocampal area. The latter
two areas form the descending pain pathway. In
addition, a relative deactivation was observed in
the left somatosensory cortex, constituting the
lateral pain pathway as well as other sensory
areas. The results suggest increased activity in
the descending pain pathway [1].

The studies mentioned above indicate a
reduction in central and peripheral sensitiza-
tion in patients with chronic headaches. A
particularly sensitive protective reflex in the
trigeminal area is the orbicularis oculi reflex.
The orbicularis oculi reflex (also lid closure
reflex, corneal reflex, blink reflex) is a reflective
antinociceptive protective mechanism of the
eye to ward off damage [7, 14, 18, 21, 28]. It can
be triggered by stimulating the cornea or the
periorbital area. The reflex response is a rapid
closing of the eyelids. The protective reflex
fends off foreign bodies, dehydration, and
damage to the eyeball. It can also involuntarily
occur in the event of light irritation, sudden
acoustic stimuli, or emotional reactions such as
startling. It can be modulated by centrally act-
ing analgesics [6].

The afferent reflex arc of the orbicularis oculi
reflex runs via the ophthalmic branch of the
trigeminal nerve in the case of tactile stimuli,
and via the optic nerve in the case of optical
stimuli. After transmission in the trigeminal
complex, the signal is conducted via the supe-
rior colliculus or the red nucleus to the reticular
formation. From there, it reaches the facial
nerve nucleus in the brainstem and causes a
contraction of the orbicularis oculi muscle via
the efferent arc, the facial nerve [18, 21, 30, 32].
The static electrical stimulus used in routine
clinical examination corresponds only remotely
to the natural function of the reflex. We there-
fore opted for using a standardized dynamic air
flow corresponding to a more physiological
setting. This also allows monitoring the reflex

activity continuously over a defined period of
time. In contrast to the statically triggered
orbicularis oculi reflex by electrical stimulation,
the triggering of the reflex response by a per-
manent air flow represents a dynamic repro-
duction of the natural reflex situation. This can
possibly map endogenous pain-modulating
processes in the central nervous system by
summing them over time and predict thera-
peutic processes in a more relevant fashion
[1, 9, 13].

To measure the effect of ONS on the orbic-
ularis oculi reflex triggered as naturally as pos-
sible, a new quantitative method was developed
for standardized measurement of the orbicularis
oculi reflex triggered via an air stream. To
stimulate the reflex response, instead of an
artificial electrical stimulus, a standardized air
flow is directed onto the cornea of the eye. The
reflex response is recorded using a video camera
detecting eyelid closure frequency (documented
as eyelid closures per minute). This method
aims to measure the anti-nociceptive protective
mechanism of the orbicularis oculi reflex in a
way as physiological as possible. At the same
time, it allows recording the reflex response
dynamically averaged over a longer period of
time. The aim of this study was to use this new
method in patients with chronic migraine to
investigate whether ONS has a direct effect on
pain-modulating mechanisms in the
trigeminocervical area.

METHODS

Study Design and Ethics Statement

In a randomized balanced repeated measures
within-subject design, patients were assessed
that had previously received ONS therapy due
to treatment-refractory chronic migraine. The
ethics committee of the medical faculty of the
Christian-Albrechts University approved the
study (D426/14). All subjects gave their
informed written consent prior to participation.
The study was performed in agreement with the
Declaration of Helsinki.

Inclusion criteria were the diagnosis of
chronic migraine as underlying disease and
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treatment with occipital nerve stimulation.
Exclusion criteria were scalp injury, severe psy-
chological comorbidities, pregnancy, and/or
lack of consent to participate in the study.

The study was divided into two parts, the ON
phase with active ONS, and the OFF phase with
inactive ONS. In the former, the orbicularis
oculi reflex was recorded quantitatively with
active ONS. The OFF phase included the mea-
surement of the orbicularis oculi reflex with
ONS deactivated. There was a 1-h break between
the two test runs. In order to rule out a sequence
effect, the patients were randomized into two
groups: One group (A) first went through the
ON-phase measurement and, after an hour’s
break, the OFF-phase measurement. In the sec-
ond group (B), the OFF-phase measurement was
started and the ON-phase measurement was
carried out 1 h later.

Group A came to the study appointment
with active stimulation and the ON-phase
measurement took place first. After completion,
the ONS device was switched off. The OFF-phase
measurement was made after 1 h. Group B
patients switched off the ONS 12 h prior to the

measurements. The OFF measurements were
initially carried out in these participants. Then
the ONS was activated and after 1 h the mea-
surements were repeated with the stimulation
switched on (ON phase).

Orbicularis Oculi Reflex Triggered
by a Standardized Air Flow

A new quantitative method was developed for
the standardized measurement of the orbicu-
laris oculi reflex. The patient received protective
transparent glasses with a circular opening
0.7 cm wide on the left side (Fig. 1). An air hose
was inserted into this opening. This was con-
nected to an oxygen bottle from which oxygen
was flowing at a constant rate of 7 l/min. This
air flow served as a standardized stimulus for
triggering the reflex. To quantitatively record
the reflex response, the blinking of the eyes
through the protective glasses was filmed with a
video camera and documented in a standard-
ized manner. The air flow was active for 1 m.
During this time, the blink frequency was
recorded contactlessly with the camera. The
measurements without airflow (baseline) and
with airflow were carried out every 5 min in
order to rule out possible habituation effects.
The number of times the patient blinked per
minute under the respective conditions (spon-
taneous or with experimental stimulation by
the air flow) was counted as the dependent
variable. Primary endpoint was the difference in
the frequency of lid closure with experimental
stimulation and without experimental stimula-
tion with active or inactive ONS.

Surgical Technique

The peripheral nerve stimulation systems used
for occipital nerve stimulation for the treatment
of chronic, intractable migraine consisted of an
implantable pulse generator (IPG), which pro-
duces therapeutic electrical stimulation pulses.
All subjects underwent implantation of the ONS
device EonminiTM (St. Jude Medical Inc., Little
Canada, MN, USA). Two leads deliver the ther-
apeutic stimulation pulses to the target loca-
tion, each using eight electrode poles with

Fig. 1 Standardized quantitative measurement of the
orbicularis oculi reflex triggered dynamically with an air
stream. The patients wear protective glasses. On the left
side, there is a circular opening (7 mm diameter). An air
hose is inserted into this side opening of the glasses. This is
connected to an oxygen bottle, from which oxygen flows
constantly at 7 l/min. The air flow served as a standardized
stimulus for the activation of the orbicularis oculi reflex.
To quantitatively record the blink frequency as a reflex
response, the eyelid closures were filmed with a video
camera through the protective glasses and documented in a
standardized way (eyelid closures per minute)
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4 mm distance in between. An external hand-
held device was used to adjust the intensity for
each electrode pole for the stimulation. The
leads were percutaneously implanted through a
needle under general anesthesia. Once the lead
was positioned in the desired location, it was
anchored to the surrounding tissue to provide
stability and avoid migration. Surgical implan-
tation was carried out by two neurosurgical
centers by two neurosurgeons. One center per-
formed a trial period of 3 days after implanta-
tion to evaluate electrode positioning during
this period. The other center implanted elec-
trodes and IPG in one setting without a trial
period. In this procedure, a pocket was created
in the desired location in which the permanent
IPG was stored. The IPG was implanted at the
same anatomical location in both centers. Once
the pocket was created, a subcutaneous path
was created using a tunneling tool to allow the
lead to be connected to the IPG. Once the lead
was connected to the IPG and the system tested,
the pocket was sutured and bandaged. After the
permanent IPG was implanted, an external
handheld device was used for programming.
These devices were used by the clinician to
select the stimulation parameters and by the
patient to adjust the therapy levels to his/her
individual comfort level. In this regard, no
standardized requirements existed regarding
individual electrical programming parameters
(frequency, current strength, pulse width,
number and orientation of the electrode pole).
Data collected was stored in the Relief register.
Details about implantation and stimulation are
described by Ashkan et al. [3]. For the purpose of
this study, the stimulation parameters that the
patients were currently using for the preventive
treatment of chronic migraines were
maintained.

Statistical Analysis

The data were evaluated using SPSS 27. The data
were summarized as arithmetic mean and
standard deviation as well as median, mini-
mum, and maximum. The differences in the
frequency of eyelid closure with experimental
stimulation and without experimental

stimulation were examined for significant dif-
ferences using the Wilcoxon signed-rank test.
The significance level a was set to 0.05.

RESULTS

Subjects

Eight patients with chronic migraine, according
to the diagnostic criteria of the International
Headache Society (ICHD-2), who were treated
with ONS were recruited. Six of them were
women and two were men. The mean age was
47.63 ± 16.08 years (minimum 25 years, maxi-
mum 70 years). The patients had been treated
with ONS for 11 ± 3.44 months (minimum
8 months, maximum 19 months).

Orbicularis Oculi Reflex Depending
on Active or Inactive Occipital Nerve
Stimulation

The blink frequency per minute between base-
line and experimental triggering of the orbicu-
laris oculi reflex depending on active or inactive
occipital nerve stimulation is shown in Table 1
and Figs. 2 and 3. The baseline blink frequency
measured without occipital nerve stimulation
(20.63 ± 17.55 eyelid closures/minute) or with
active occipital nerve stimulation
(22.63 ± 15.96 eyelid closures/minute) did not
differ significantly.

When the orbicularis oculi reflex was acti-
vated experimentally with standardized air flow
directed to the cornea, the blink frequency
increased to 39.38 ± 21.85 eyelid closures/
minute without occipital nerve stimulation. In
contrast, active occipital nerve stimulation only
showed an increase in the blink frequency to
30.00 ± 17.22 eyelid closures/minute (Fig. 2;
p = 0.035).

Taking into account the difference to the
respective baseline, the orbicularis oculi reflex
(7.38 ± 20.14 eyelid closures/minute) was sig-
nificantly reduced on active ONS by 60.64%
compared to inactive ONS (18.75 ± 14.30 eye-
lid closures/minute) (Fig. 3; p = 0.021).
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DISCUSSION

The study results show that with active ONS
compared to inactive ONS in patients with
chronic migraine, the orbicularis oculi reflex,
dynamically triggered by a standardized air
flow, is significantly reduced. This indicates that
ONS is able to act directly on the trigeminally
mediated central nociceptive stimulus process-
ing in chronic migraine. The effects of aversive
irritation are reduced. The effect of trigger

factors in migraines could thus be weakened
and the sensitization in the central nervous
system reduced.

During the baseline measurement with or
without active ONS, there was no aversive
stimulation by standardized air flow. There was
no difference between the ON and OFF states
during the baseline phase. According to these
results, ONS only seems to have an effect when
an aversive stimulation occurs by standardized
air flow leading to a nocifensive response.

Table 1 Blink frequency per minute between baseline and experimental triggering of the orbicularis oculi reflex depending
on active or inactive occipital nerve stimulation

ONS ON eyelid closures/
min

ONS OFF eyelid closures/
min

Difference p value

Baseline Mean ± SD 22.63 ± 15.96 20.63 ± 17.55 2.00 ± 13.94 0.327

Median (min;

max)

20.00 (8; 57) 14.50 (3; 55)

With

airflow

Mean ± SD 30.00 ± 17.22 39.38 ± 21.85 – 9.38 ± 10.84 0.035

Median (min;

max)

26.50 (13; 58) 38.50 (12; 84)

Difference Mean ± SD 7.38 ± 20.14 18.75 ± 14.30 – 11.38 ± 9.81 0.021

Median (min;

max)

3.00 (– 20; 32) 17.50 (2; 42)

The arithmetic mean and standard deviation as well as median, minimum, and maximum values are given (p values in the
Wilcoxon signed-rank test)

Fig. 2 Blink frequency per minute between baseline and
experimental triggering of the orbicularis oculi reflex
depending on active or inactive occipital nerve stimulation
(Wilcoxon signed-rank test)

Fig. 3 Difference of blink frequency per minute between
baseline and experimental triggering of the orbicularis oculi
reflex depending on active or inactive occipital nerve
stimulation (Wilcoxon signed-rank test)
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The results support the assumption that ONS
has a therapeutic effect on the increased sensi-
tization of pain circuitry with increased ventral
posteromedial nucleus (VPM) neuronal firing
[33]. As shown by Wodehouse et al. (2020), ONS
can possibly alter the nociceptive traffic to the
trigeminocervical complex, brainstem, and
supranuclear connections [36]. These afferent
pathways are modulated by the conditioned
pain modulation (CPM) pathway, which is
localized to the periaqueductal gray matter,
nucleus raphe magnus, and the rostroventral
medulla. An increased afferent input to the
trigeminocervical complex (TCC) with
increased peripheral sensitization and a gener-
alized central sensitization of the trigemino-
spinal or the second order trigeminal neurons
can contribute to the development of chronic
headache. In addition, a disruption of the
descending pain inhibitory pathway can lead to
increased sensitization and be relevant in the
chronification of headache [1, 2, 4, 17, 33, 36].
Increased activity in the descending pain path-
way in ONS was also shown in a positron
emission tomography (PET) study [1].

Our results support these findings. ONS leads
to a significant reduction in the reflex response
to trigeminally mediated aversive irritation.
Interestingly, this appears to be an effect that
requires active stimulation. After deactivating
stimulation for 1 h, a significant increase in the
reflex response can already be seen. This indi-
cates that continuous stimulation is required for
achieving therapeutic goals. This is also sup-
ported by the fact that ONS is usually only
clinically effective after several weeks of active
stimulation and that the effect subsides briefly
after stimulation is turned off or the battery is
low [19]. The results are a further indication
that ONS has a direct therapeutic effect on the
trigeminocervical complex (TCC) and counter-
acts central sensitization.

The number of participants (eight) is a limi-
tation of our study. On the one hand, patients
with chronic migraines who are treated with
ONS are a small group. On the other hand, they
allow direct insight into trigeminal mechanisms
by turning the stimulation on and off. In order
to control the interindividual variability, we
chose a balanced within-subject design.

Detailed comparative studies on the newly
developed method, in particular on the electri-
cally triggered blink reflex, are not yet available.
The primary aim of the study was to investigate
the mode of action of ONS on nocifensive
mechanisms and pain-defending protective
reflexes in patients. We have therefore devel-
oped and selected this new dynamic method
with stimulation through a continuous stan-
dardized air flow in order to analyze its degree of
selectivity regarding the therapeutic effects in
this patient group. Regarding these results and a
sensitive differentiation of the treatment effect,
further investigations are to follow. Healthy
controls were not added in this study, as the
treatment effects can be compared directly in
the crossover design (on–off). The experimental
approach chosen aims to avoid pain and dam-
age and includes a nocifensive mechanism, a
pain defense reflex. The stimulation by the air
flow on the cornea is aversive, which is why the
reflex is triggered. Exactly which peripheral
nerve fibers (tactile or nociceptive) are involved
must remain open at the moment.

CONCLUSIONS

The results show that under-active ONS com-
pared to inactive ONS in patients with chronic
migraine, the orbicularis oculi reflex, dynami-
cally physiologically triggered by a standardized
air flow, is significantly reduced. This suggests
that ONS is able to directly counteract the
trigeminally mediated central sensitization in
chronic migraine and protectively reduce the
effects of aversive peripheral stimulation.
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