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Abstract
Objective  The aim of this systematic review is to identify pain profiling parameters that are reliably different between 
patients with migraine and healthy controls, using Quantitative Sensory Testing (QST) including Temporal Summation 
(TS), Conditioned Pain Modulation (CPM), and Corneal Confocal Microscopy (CCM).

Methods  A comprehensive literature search was conducted (up to 23 May 2024). The quality of the research was 
assessed using the Newcastle-Ottawa Scale (NOS) for non-randomized studies.

Results  Twenty-eight studies were included after screening. The QST studies indicate that migraine patients exhibit 
lower pressure pain thresholds (PPT), particularly in the trigeminal region. A previous meta-analysis reported lower 
heat pain thresholds (HPT). CPM studies suggest a (mild) inhibitory or absent response in migraine patients, not 
different from controls. High-frequency and chronic migraine patients may exhibit a facilitatory CPM response. With 
repeated executions of CPM, migraine patients display a diminishing CPM response, a phenomenon not observed 
in control subjects. CCM investigations in migraine patients revealed conflicting outcomes, likely as a result of small 
sample sizes and limited characterization of migraine features.

Conclusion  Pain profiling migraine patients varies due to sensory modality, applied methods, anatomical sites, 
and migraine features. Understanding pain profiling offers insights into migraine pathophysiology, requiring careful 
selection of parameters and differentiation among migraine subtypes.

Keywords  Migraine, Chronic migraine (CM), Episodic migraine (EM), Pain profile, Quantitative Sensory Testing (QST), 
Conditioned Pain Modulation (CPM), Corneal Confocal Microscopy (CCM), Psychophysical measure, Allodynia
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Introduction
Migraine is a prevalent and intricate neurological con-
dition, marked by recurring, incapacitating headache 
episodes accompanied by symptoms such as nausea, 
occasional vomiting, and increased sensitivity to light 
and sound [21]. Additionally, about one-third of individ-
uals with migraine experiences temporary neurological 
disturbances, often visual in nature, known as migraine 
auras [21]. In essence, migraine represents a multifaceted 
pain disorder. While the majority of patients has the epi-
sodic form of migraine (EM), approximately 3% of them 
convert annually from EM to chronic migraine (CM), 
characterized by experiencing 15 or more headache days 
per month, of which at least 8 are migraine days—a tran-
sition often referred to as migraine chronification [2]. 
This shift is significantly influenced by the repeated and 
prolonged use of acute migraine medications, making 
it a major risk factor for migraine chronification [4, 21]. 
Consequently, the vast majority of individuals with CM 
become dependent on acute medication to manage their 
condition. The mechanism of migraine chronification 
remains uncertain, and while there is substantial knowl-
edge, not all aspects are fully understood.

The endogenous pain modulatory system consists of 
both inhibitory and facilitatory processes. Disruption of 
this modulatory system not only increases the likelihood 
of experiencing pain but also intensifies susceptibility to 
both short-term and long-term pain. This can be further 
explored by examining key patient-related factors that 
are known to influence the development of chronic pain, 
such as the endogenous pain inhibitory system and the 
facilitation system [37]. The imbalance between these 
inhibitory and facilitatory pain mechanisms can vary for 
different types of pain conditions. In many chronic pain 
disorders, either heightened pain facilitation (referred 
to as central sensitization) or a deficiency in pain inhibi-
tion is proposed as the underlying mechanism. The pain 
modulatory system can be quantified by experimental 
techniques, allowing the construction of sensory profiles 
or subgroups.

Central sensitization has been suggested to be an 
important mechanism in migraine chronification. It is 
presumed to occur in second and third order neurons 
sequentially, resulting in an analogous spatial distribution 
of cutaneous allodynia with cephalic and extracephalic 
symptoms during migraine attacks [7]. Cutaneous allo-
dynia may have a predictive value for treatment response 
in chronic migraine [47]. Managing chronic migraine 
can be challenging and individuals suffering from it 
often resort to frequent use of pain-relieving medica-
tions. Overuse of acute treatments leads to complex 
mechanisms involving peripheral and central factors, 
potentially resulting in central sensitization, increased 
neuronal excitability, and the upregulation of pain-related 

pathways [4]. Therefore, it is important to understand 
involvement of the pain modulatory system in migraine.

Quantitative Sensory Testing (QST) is a method to 
assess somatosensory function by applying controlled 
stimuli [34]. Through this approach, it becomes pos-
sible to determine the detection and pain thresholds for 
various stimuli such as heat, cold, pressure, vibration 
and mechanical inputs [48]. Central sensitization, which 
involves the pain facilitatory system, can be assessed 
using the temporal summation (TS) test. This test evalu-
ates the amplification of pain intensity in response to a 
repeated pain stimulus [48]. In patients with chronic pain 
syndromes, such as fibromyalgia, chronic lower back 
pain and neuropathic pain syndromes, an increase in TS 
response has been reported [29, 36, 38, 58].

Conditioned pain modulation (CPM) tests are utilized 
to evaluate the endogenous pain inhibitory system [61]. 
These tests examine the suppression of a painful stimu-
lus (test stimulus) via the administration of a secondary 
painful stimulus (conditioning stimulus) at a remote area. 
In patients with chronic pain syndromes, such as tem-
poromandibular disorder, fibromyalgia, complex regional 
pain syndrome and neuropathic pain syndromes, a 
decrease or complete loss in CPM response is seen [25, 
37, 38, 51]. For migraine CPM response has been exten-
sively explored.

Corneal confocal microscopy (CCM) is used to quan-
tify the corneal nerve plexus. This subepithelial, densely 
intensified and highly dynamic plexus comprises small 
nerve fibers that are the distal ends of the ophthalmic 
branch of the trigeminal nerve. Abnormalities in corneal 
nerve parameters have been observed in patients with 
peripheral neuropathies [6, 46]. The corneal nerve densi-
ties has been shown to change in response to treatment 
for other disorders [56, 59]. Given the significant involve-
ment of the trigeminovascular system in the pathophysi-
ology of migraine, the quantification of this plexus may 
hold relevance for migraine [2]. CCM assesses the small 
nerve fibers, and might provide valuable insights into 
the role of these fibers in pain perception, making this a 
potentially useful addition to pain profiling.

This systematic review aims to summarize current 
findings on pain profiles in migraine, with a specific 
focus on QST, CPM, and CCM tests. It aims to encap-
sulate existing knowledge about sensory processing and 
pain modulation in migraine patients. The insights may 
aid researchers and healthcare professionals in select-
ing appropriate pain profiling parameters to distinguish 
migraine patients from healthy individuals and obtain 
more insights in pain mechanisms for migraine. Addi-
tionally, they can guide the investigation of these param-
eters during transitions between episodic and chronic 
migraine (with medication overuse) and vice versa.
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Methods
Search strategy and data sources
This systematic review was performed according to the 
PRISMA checklist [32]. To investigate the literature we 
made a search on the QST, TS, CPM and CCM tests in 
PubMed, MEDLINE, EMBASE, Web of Science & the 
Cochrane Library. Previously, a systematic review for 
QST in patients with migraine was done by Nahman-
Averbuch et al. in 2018 [34]. Their literary search was 
done for papers until January 2017. Therefore, for this 
review, we limited the search for papers on QST after Jan-
uary 2017 to bring a renewed perspective of more recent 
QST findings. For the other tests there was no time limit 
on the search. The total search was done up to 23 May 
2024, using the key words (“migraine” OR “migraine dis-
orders”) AND (“quantitative sensory testing” OR “tempo-
ral summation” OR “pain modulation” OR “conditioned 
pain modulation” OR “migraine modulation” OR “head-
ache modulation” OR “diffuse noxious inhibitory control” 
OR “corneal confocal microscopy” OR “in vivo confocal 
microscopy”).

Studies were divided based on the pain tests used: QST, 
CPM or CCM. Studies were required to: (1) have full 
text availability; (2) be in English; (3) involve only human 
subjects; (4) present case–control differences; (5) enroll 
at least 1 migraine patient group that was not mixed 
with patients with other headache conditions (with an 
exception for medication overuse headache (MOH)); 
(6) use at least one psychophysical measure; (7) be pub-
lished before 23 May 2024. Information specialists of 
the Walaeus library of Leiden University Medical Center 
assisted in retrieving full text manuscripts not available 
to the Leiden University Medical Center library. Articles 
were excluded if they met any of the following criteria: 
(1) were case reports, meeting abstracts, editorials, com-
mentaries, or articles focusing on a pediatric population 
(age < 18 years), or contained incomplete information; (2) 
did not present original data; (3) lacked baseline data; (4) 
did not include a comparison with a control group for 
QST or CCM.

FCvW and GMT/MvV independently reviewed all 
abstracts and full text papers for inclusion using the 
above criteria. Agreement between the reviewers on 
study selection was 93.5%. Disagreement was resolved 
by discussion. Data were extracted by two reviewers 
(FCvW/GMT for QST and CPM, FCvW/MvV for CCM) 
using a form that was developed to capture information 
on study groups including: (1) total subjects in migraine 
and control groups; (2) number of males and females; (3) 
mean age and SD; (4) migraine type; (5) migraine charac-
teristics if provided; (6) study design (measure, modality, 
and location of tests); (7) results; (8) other comments.

Risk of bias
The quality of the research was assessed using the New-
castle-Ottawa Scale (NOS) for non-randomized studies 
[54]. The NOS is comprised of three domains which con-
tribute to the overall quality score: selection of groups; 
comparability; and outcome assessment. A numerical 
score (0–9) was assigned evaluating these domains. A 
higher NOS score signifies superior methodological qual-
ity and reduced bias risk, facilitating the assessment and 
comparison of research findings across various studies 
[54].

Risk of bias was assessed by evaluating the selection 
bias, performance bias and confounding bias in 10 sub-
categories. The subcategories were: (1) small sample size 
(n < 20); (2) used a self-reported measure of pain; (3) used 
self-diagnosed migraine; (4) the sample included a subset 
of subjects with possible medication overuse headache 
(MOH) (most often this is the case for CM or high-fre-
quency migraine); (5) absence of verified acute medica-
tion days/month, headache days/month or migraine 
days/month; (6) patient clinical characteristics are 
incomplete; (7) absence of specified possible comorbidi-
ties for the tests; (8) absence of specified when the mea-
surements were done in relation to the migraine phase; 
(9) difference in the sex distribution; and (10) other. The 
subcategories were classied as high, low or unclear risk 
according to the Cochrane risk of bias [22]. The Robvis 
tool was used to visualize the risk-of-bias assessment 
[31].

Data reporting
For studies presenting identical datasets we included only 
one publication as a representative. For studies reporting 
several repetitions of measurements, the baseline data 
and data after intervention were assessed, but only base-
line data were included. Some studies reported data on 
several related, but distinct, outcomes in the same par-
ticipants (e.g., different stimulus locations or stimulus 
paradigms in the same subjects). To determine whether 
migraine was associated with global or local differences 
in sensitivity, data were categorized by QST location of 
and/or stimuli in the trigeminal nerve region (V1, V2 
and V3), neck region, head region or more distal regions 
(forearm, hand and lower limbs).

Results
The search provided 598 possible articles after removal 
of duplicates (23-May-2024). After the first screening, 
46 articles were assessed for eligibility. Finally, 28 papers 
were included in this review: QST (n = 12), CPM (n = 13) 
and CCM (n = 5). The flowchart is shown in Fig. 1.
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Fig. 1  Flowchart of the systematic literary screening. The search was performed on 23 May 2024. Exclusion criteria were:1) no full text availability; 2) not 
in English; 3) not in human study; 4) case report, meeting abstracts, editorials, commentaries, articles with a pediatric population (age < 18) or articles 
with incomplete information; 5) does not present own data with a prospective design; 6) did not enroll at least 1 migraine patient group that was not 
mixed with patients with other headache conditions (excluding MOH); 7) does not use 1 psychophysical measure (and QST published before January 
2017); and 8) no baseline data available for all, or did not include a comparison with a control group for QST or CCM. QST = Quantitative Sensory Testing; 
CPM = Conditioned Pain Modulation; CCM = Corneal Confocal Microscopy
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Quantitative sensory testing (QST)
For QST studies before January 2017 we refer to Nah-
man-Averbuch et al. in 2018 [34]. Twelve studies pub-
lished after January 2017 contained original QST data of 
migraine patients compared to a non-migraine control 
group, shown in Table 1.

Sensory detection thresholds
For the sensory detection thresholds, most studies found 
no differences for any stimulus (mechanical, heat, cold, 
tactile, prick and two prick determination) in any region 
(trigeminal nerve region, neck and distal region) in 
migraine patients compared to healthy controls [30, 39, 
55]. Only one recent study reported a higher mechani-
cal detection threshold (MDT) in the trigeminal nerve 
regions for female migraine patients compared to con-
trols [5].

Pain detection thresholds
The pressure pain detection (PPT) was reported to be 
lower for migraine patients. Lower PPT was reported in 
CM compared to controls in trigeminal nerve regions 
and distal regions [16]. Similarly, lower PPT was reported 
for female migraine patients compared to controls in 
trigeminal nerve and distal regions [5]. Another study 
found a lower PPT in trigeminal nerve regions and neck 
in migraine patients compared to healthy controls, how-
ever, no differences were found in the distal region and 
on the head [30]. In contrast, a third study found lower 
PPT in CM compared to healthy controls in the distal 
region and no difference in PPT in the trigeminal nerve 
area [41]. Furthermore, a large study found a reduced 
PPT in the neck region for low-frequency EM in the pre-
ictal and postictal phase and a reduced PPT in the neck 
and trigeminal nerve region for low-frequency EM in the 
interictal phase compared to healthy controls. This study 
also reported a reduced PPT in the neck and trigeminal 
nerve region for high-frequency EM in the preictal and 
postictal phase compared to healthy controls. The PPT 
was also reduced in the neck and trigeminal nerve region 
for high-frequency EM and CM in the ictal phase com-
pared to healthy controls [15].

Although the mechanical pain detection threshold 
(MPT) seemed higher in EM compared to controls in 
trigeminal nerve regions and MPT was reported to be 
higher in EM compared to CM in the trigeminal nerve 
area and distal region in a large study, this was not repli-
cated in small studies [40]. These small studies found no 
difference in MPT in migraine patients compared to con-
trols in the trigeminal nerve area or a distal region [20, 
41, 55].

The heat pain threshold (HPT) was reported to be 
lower in CM compared to controls in the trigeminal 
nerve area and in the distal region [41]. However, this 

was not replicated in other studies where no difference 
was found in HPT between migraine patients and con-
trols in the trigeminal area and distal region [20, 40, 55]. 
The cold pain detection threshold (CPT) was reported to 
be higher in CM compared to controls in the trigeminal 
nerve area and in the distal region [41], but another study 
reported no difference in CPT for migraine versus con-
trols in these areas [40].

Pain suprathreshold
For the suprathreshold, the heat pain that gave a NRS of 
60 out of 100 was reported as the heat pain suprathresh-
old (HPS). One study reported the HPS of EM patients 
outside a migraine attack, no difference was found com-
pared with healthy controls [55].

Temporal summation (TS)
One study reported higher TS values in the distal region 
in individuals with high-frequency EM compared to 
those with low-frequency EM and healthy controls [10]. 
Another study found no difference in TS between EM 
and controls in the distal region [11]. No differences in 
TS in the trigeminal nerve area or neck region in any 
migraine phase of low-frequency EM patients were found 
compared to healthy controls, however higher TS was 
reported for high-frequency EM and CM in the ictal 
phase compared to healthy controls [15]. Furthermore, 
higher TS was seen in CM compared to healthy controls 
in trigeminal nerve region and distal region [16]. A small 
study with pinprick TS failed to replicate differences in 
TS between EM and controls in the trigeminal nerve area 
and distal region [1]. Another study in female migraine 
patients reported no difference in TS compared to con-
trols in the trigeminal nerve area and distal region [5].

Slowly repeated evoked pain (SREP)
For SREP, the changes in pain perception were assessed 
in response to repeated nociceptive stimuli as a mea-
surement for central sensitization. No overall difference 
between EM and healthy controls was found for SREP. 
Pain intensity ratings increased progressively in EM but 
not in healthy controls [11].

Conditioned pain modulation (CPM)
Thirteen studies were identified that described original 
CPM data of migraine patients, shown in Table  2. The 
test stimulus (ts) consisted of heat, pressure or electri-
cal stimuli and the conditioned stimulus (cs) consisted 
of cold, heat, capsaicin and ischemic stimuli. One study 
included an attention task as conditioned stimulus [14]. 
No consistent differences were observed between differ-
ent locations of test and conditioned stimulus, between 
contralateral and ipsilateral CPM protocols and the dif-
ferent stimuli. An inhibitory CPM response refers to 
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increased pain inhibition, where the body reduces pain 
perception in response to a conditioning stimulus. In 
contrast, a facilitatory CPM response involves decreased 
pain inhibition, meaning the conditioning stimulus leads 
to heightened or maintained pain sensitivity instead of 
reducing it.

The majority of studies with adequate numbers of par-
ticipants suggested a (mild) inhibitory (and some absence 
of response) in migraine patients, with no difference 
between migraine subtypes (MA and MO) [18], and no 
difference compared to the inhibitory response found in 
controls [26, 33, 57]. However, when CPM was executed 
multiple times, migraine patients showed a waning of 
CPM response, which was not found in controls [33]. 
One study in female migraine patient reported a less 
efficient CPM response compared to control in the V1 
region 30  s after cs application, however, no differences 
were found after 90  s or in the V3 area or distal region 
[5].

In contrast, a facilitatory CPM response was sug-
gested in high-frequency EM patients (n = 24) versus an 
inhibitory CPM response in controls (n = 20) [49], which 
was also suggested in a small study for CM (n = 9) ver-
sus absence of response for EM (n = 11) and an inhibi-
tory CPM for healthy controls (n = 14) [13]. This group 
also conducted the CPM paradigm with an attention 
task as a conditioned stimulus, and found an absence 
of CPM response in migraine patients [14]. They also 
performed the CPM test with the test and conditioned 
stimulus on the same location in the trigeminal nerve 
region which resulted in an inhibitory CPM response for 
migraine patients [12]. A study that investigated the CPM 
response in CM patients with MOH (n = 31) that under-
went two months of withdrawal of acute pain medica-
tion and found these patients showed an absent of CPM 
response before withdrawal. Shortly (8–10 days) after 
the withdrawal, an inhibitory response was seen, similar 
to the EM patients (n = 28) and healthy controls (n = 23). 
Notably, this study excluded all CM patients that did 
not improve to episodic migraine, so no responder ver-
sus non-responder analysis was performed [45]. In con-
trast to the above, another short “medication overuse 
withdrawal” study investigated CM with MOH patients 
and suggested an inhibitory response in CM with MOH 
before and an absence of CPM response after withdrawal. 
However, the design of this study applied a protocol that 
consisted of a short 5 day hospitalization (ice packs and 
hydroxyzine 25  mg/day as rescue treatment) and after 
discharge the patients could start using triptans again 
[20]. This protocol does not align with the recommended 
MOH withdrawal treatment [4]. The CPM response was 
also measured at a short term with three weeks after hos-
pitalization [20].

We want to separately mention a CPM study on the 
blink reflex: patients with a migraine history (n = 23) 
showed an inhibitory CPM response for a painful test 
stimulus, however for the blink reflex test stimulus 
migraine patients showed an absence of CPM response. 
Healthy controls (n = 32) showed an inhibitory CPM 
response for both [60].

A randomized, double-blinded, placebo-controlled 
trial on duloxetine found an inhibitory CPM response 
for migraine patients (n = 55) at baseline, but no control 
group was included [27]. 

Corneal confocal microscopy (CCM)
Only five studies, most of them with small sample sizes, 
could be included and described original CCM data 
of migraine patients, as shown in Table  3. All studies 
reported the output measurements corneal nerve fiber 
density (CNFD), corneal nerve fiber length (CNFL), and 
corneal nerve branch density (CNBD). Two small stud-
ies reported the nerve tortuosity in CM [24] and EM 
patients [52]. Three studies reported the total branch 
density (CTBD), total nerve fiber area (CNFA) and cor-
neal nerve fiber width (CNFW), where one reported on 
CM and EM compared to controls [19], one reported EM 
patients compared to controls [42] and another reported 
CM with and without ictal photophobia [53]. This latter 
study found no differences between CM without photo-
phobia compared to controls [53]. Some differences were 
found for those with photophobia but it was not specified 
to which group these results were compared. Therefore, 
the results for migraine with photophobia were not con-
sidered [53].

Contrasting results were found for the CNFD in 
migraine compared to controls. A study in CM and a 
large study in EM (MA and MO) and CM both reported 
lower CNFD in migraine patients compared to controls 
[19, 24]. No differences were found for EM or CM with-
out photophobia compared to controls [42, 52, 53]. The 
CNFL was found to be shorter in EM (MA and MO) and 
CM patients compared to controls in one study [19]. In 
contrast, a small study suggested CNFL to be larger in 
EM compared to controls [52], and other studies did not 
find a significant difference [24, 42, 53]. Similarly, con-
flicting results were reported for the CNBD, with lower 
density in the EM (MA and MO) and CM study [19], 
higher density in a small EM study [52] and the other 
studies reported no difference [24, 42, 53]. 

The tortuosity was reported to be increased in EM 
patients compared to controls, but no significant differ-
ence was found for CM patients [24, 52]. The CTBD and 
CNFA was reported to be lower in EM (MO and MA) 
and CM patients compared to controls by one study [19]. 
However, this was not replicated in CM without photo-
phobia or EM by other studies [42, 53]. The total nerve 
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Table 3  Information on the studies on Corneal Confocal Microscopy (CCM) in patients with migraine and controls
Author
type of 
study

Groups: total n, number of females, mean age (SD).
Migraine specifications: EM/CM/MOH and mean MHD/
MMD/MAMD/mean attacks per month

CCM output Results Comments Risk of 
bias

NOS 
score

Kinard [24]
case-con-
trol study

Migraine group
CM:
- n = 19 (14 females)
- age: 38.6 years
Control group
- n = 30 (18 females)
- age: 44.7 years

1. CNFD
2. CNFL
3. CNBD
4. tortuosity 
coefficient

• CNFD are lower in 
migraineurs compared to 
controls.
• Significant for CNFD.
• Not significant for CNFL, 
CNBD & tortuosity.

Non-catego-
rized (numeri-
cal stats), small 
n.

5 H 4

Shetty [53]
case-con-
trol study

Migraine group
CM/MO with photophobia (MP):
- n = 36 (20 females)
- age: 32.4 ± 4.8 years
CM/MO without photophobia (MNP):
- n = 24 (14 females)
- age: 31.6 ± 3.5 year
Control group
- n = 24 (14 females)
- age: 33.7 ± 5.5 year

1. CNFD
2. CNFL
3. CNBD
4. CTBD
5. CNFA
6. CNFW

• No difference between 
migraine without photo-
phobia and controls.
• Migraine photophobia 
is compared to controls 
or migraine without pho-
tophobia (not specified 
which).

Anova 
between 3 
groups.

5 H, 
1 U

3

Shen [52]
cross-
sectional 
observa-
tion study

Migraine group
EM:
- n = 10 (9 females)
- age: 38.9 ± 6.31 years
- 4.11 ± 2.57 attacks/month
- 10% MA, 80% photophobia
Control group
- n = 10 (8 females)
- age: 37.3 ± 5.54 years

1. CNFD
2. CNFL
3. CNBD
4. tortuosity 
(0–4)

• CCM measurements 
are higher in migraineurs 
compared to controls.
• Significant for CNFL, 
CNBD & tortuosity.
• Not significant for CNFD.

Small n. 4 H, 
1 U

5

Guldiken 
[19]
cross-
sectional 
observa-
tion study

Migraine group
25 EM/MA, 7 EM/MO, 28 CM; total:
- n = 60 (49 females)
- age: 34.67 ± 1.12 years
- 56 (93.3%) photophobia
Control group
- n = 20 (9 females)
- age: 35.10 ± 2.21 years

Automated 
analyses
1. CNFD
2. CNFL
3. CNBD
4. CTBD
5. CNFA
6. CNFW

• CCM measurements 
are higher in migraine 
patients (EM/MA, EM/MO 
and CM) compared to 
controls.
• Significant for CNFD, 
CNFL, CNBD, CTBD and 
CNFA.
• Not significant for CNFW.

More woman 
in migraine 
group 
compared to 
control group.

5 H, 
1 U

5

Patzkó 
[42]
case-con-
trol study

Migraine group
EM:
- n = 44 (37 females)
- age: 33.23 ± 11.41 years
- 4.37 ± 0.86 attacks/month
Control group
- n = 25 (19 females)
age: 30.16 ± 12.59 years

1. CNFD
2. CNFL
3. CNBD
4. CTBD
5. CNFA
6. CNFW
7. fractal 
dimension
8. corneal 
dendritic cell 
density
9. corneal 
dendritic cell 
area

• No differences between 
EM an controls for CCM 
measurements.
• EM showed lower cor-
neal dendritic cell density 
and corneal dendritic 
cell area compared to 
controls.

Recruit-
ment and 
requirements 
for healthy 
controls is not 
mentioned.

2 H, 
2 U

3

CM = Chronic Migraine; EM = Episodic Migraine; MO = Migraine withOut aura; MA = Migraine with Aura; MHD = Monthly Headache Days; MMD = Monthly Migraine 
Days; MAMD = Monthly Acute Medication Days; MOH = Medication Overuse Headache; CNFD = Corneal Nerve Fiber Density; CNFL = Corneal Nerve Fiber Length; 
CNBD = Corneal Nerve Branch Density; CTBD = Corneal Total Branch Density; CNFA = Corneal Fiber Area; CNFW = Corneal Nerve Fiber Width; H = High risk of bias; U 
= Unclear risk of bias
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width (CTFW) was not found to be different from con-
trols in any study [19, 42, 53]. For EM patients the fractal 
dimension was not found to be different between EM and 
controls [42]. In one study lower CNFD and CNFA was 
found in EM patients compared to controls and it was 
suggested that a presence of neuroinflammation in the 
cornea of migraine patients might affect the peripheral 
trigeminal system [42].

NOS quality
The mean NOS quality score of the included studies was 
5.82 ± 1.70 (mean ± SD). The QST papers had a mean 
score of 6.92 ± 1.56, the CPM papers scored a 5.62 ± 1.19 
on average and the CCM papers had an NOS score of 
4.00 ± 1.00.

Risk of bias assessment
The risk of bias assessment is shown in Fig.  2. Eleven 
studies (39.3%) included a small sample size. The report-
ing of acute medication days/month (MAMD) was 
missing or unclear for 25 studies (89.3%). This value is 
necessary for the diagnosis of MOH. The specification 
whether the study population included patients with 
MOH was missing or unclear in 21 studies (75.0%). The 
reporting of headache or migraine days/month (MHD/
MMD) was missing or unclear (because it was defined as 
attacks per month) for 13 studies (46.4%). Eleven stud-
ies (39.3%) did not report when the measurements were 
performed in relation to the migraine phase. Four stud-
ies (14.3%) did not specify the handling or inclusion of 
possible comorbidities. Moreover, the studies containing 
CCM data had very limited description of the migraine 
population and the control group and, therefore, have a 
higher risk of bias. The studies report all results includ-
ing when no differences were found. We assessed the cer-
tainty of the body of evidence for these studies moderate, 
varying from weak to good between studies. The risk of 
bias was taken into account in the interpretation of the 
reported results.

Discussion
Although pain profiling tests have been widely used by 
investigators in patients with migraine for many years, 
there is a wide methodological variety in these tests lead-
ing to conflicting results and difficulty in understanding 
underlying mechanisms. Understanding the current state 
of pain profiling research in migraine is essential to iden-
tify informative tests to distinguish between migraine 
patients and healthy individuals. This review highlights 
findings and knowledge gaps in our understanding of 
pain processing in migraine.

Quantitative sensory testing (QST)
The quantitative sensory testing (QST) studies indicate 
that migraine patients exhibit lower pressure pain thresh-
old (PPT) in the trigeminal region or in distal areas. The 
mechanical pain detection (MPT) and heat and cold pain 
threshold (HPT and CPT) showed conflicting results. The 
previous systematic review and metanalysis conducted in 
2018 reported similar results regarding the PPT. Impor-
tantly, the meta-analysis reported a lowered HPT and 
higher pain ratings to electrical and cold suprathreshold 
stimulations for migraine patients and no differences for 
other QST paradigms such as electrical detection thresh-
olds, cold and mechanical [34]. 

The temporal summation (TS) test has been suggested 
to be useful to assess central sensitization in chronic 
pain syndromes, where an increased TS response has 
been observed as a result of an increased ascending pain 
facilitation pathway. However, migraine studies reported 
discordant findings on TS differences between migraine 
patients and controls, with some indicating higher TS 
in HF-EM and CM patients compared to controls, while 
others showed no significant differences. In addition, 
the SREP, another measure for central sensitization, has 
only been conducted by the same research group and has 
yet to be replicated elsewhere. Therefore, further studies 
are needed to validate these findings and draw definitive 
conclusions.

It has been suggested to use cut-off values for the appli-
cation of QST for a definition of heightened and lowered 
sensitivity. These cut-off values can be based on previous 
literature and receptor characteristics [3]. This methodol-
ogy may be helpful in the standardization of QST mea-
surements keeping in mind that alterations in nociceptive 
processing of patients with migraine seem to be modality, 
measure, and location specific, and may differ between 
EM and CM patients.

Conditioned pain modulation (CPM)
The majority of studies with adequate numbers of par-
ticipants suggested a (mild) inhibitory or absence of 
response in (episodic) migraine patients, with no differ-
ence between those with and without aura, and no differ-
ence with the response compared to controls. However, 
migraine patients showed a waning of CPM response, 
which was not found in controls. In contrast, a facilita-
tory CPM response was suggested in HF-EM patients 
and those with CM. One study found an absence of CPM 
response in CM patients with MOH that reverted to an 
inhibitory response after short withdrawal time, but 
unfortunately no comparison between responders and 
non-responders after withdrawal therapy was made.

CPM is well-suited for assessing inhibitory pain path-
ways because it focuses on detecting the absence of 
inhibitory responses, which indicates dysfunction in pain 
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inhibitory modulation [23]. For migraine, it seems that 
this dysfunction of the pain system is correlated to the 
frequency of migraine attacks. However, when it comes 
to CM, the available data are limited [45]. Furthermore, 
most studies performed the CPM tests with both test 
and conditioned stimulus in a distal region. Only three 

studies performed the conditioned stimulus in a distal 
area and the test stimulus in the trigeminal region, which 
is a special region of interests for migraine pathophysi-
ology. Two of these studies had either low number of 
participants or high risk of bias [13, 60]. The other study 
reported conflicting results for the V1 and V3 area [5]. 

Fig. 2  Risk of Bias assessment from included studies. A) Traffic light plot per study with 1 = small sample size, 2 = self-reported measure of pain, 3 = self-
diagnosed migraine, 4 = sample included possible medication overuse headache (MOH), 5 = no medication days/month reported, 6 = no headache or 
migraine days/month reported, 7 = incomplete patient characteristics, 8 = possible comorbidities not specified, 9 = migraine phase not specified and 
10 = other bias. (B) Summary plot of risk of bias per subcategory. The Robvis tool was used to visualize the risk of bias assessment [31]. 
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We recommend further research to determine CPM in 
the trigeminal region and whether CPM functions differ-
ently for CM (+/- MOH) compared to EM, and to investi-
gate the transition from CM to EM.

Corneal confocal microscopy (CCM)
The CCM studies showed conflicting results probably due 
to small sample size and limited phenotyping of migraine 
characteristics. Therefore, more studies are needed to 
be able to confirm any conclusions with larger sample 
sizes and clear migraine characteristics (e.g. monthly 
migraine/headache/medication days). One study aimed 
to asses ictal photophobia based on the first 7 questions 
of an 8-part photophobia questionnaire [8, 53]. One 
might speculate that the Leiden Visual Sensitivity Scale 
(L-VISS), a validated 9-item questionnaire can provide 
more insight into visual hypersensitivity as the L-VISS 
scores differ not only between migraine patients ver-
sus controls, but also between MO versus MA patients, 
CM versus EM and ictal versus interictal period [44]. 
Furthermore, the L-VISS questionnaire employs a linear 
scale, enabling straightforward comparisons across vari-
ous groups, in contrast to other instruments that utilize 
binary or qualitative scales. Therefore, future research 
in CCM in relation to hypersensitivity might utilize the 
L-VISS questionnaire within the migraine population.

Treatment effect
Psychophysical tests can be employed to evaluate treat-
ment effects in migraine. By recording baseline and post-
treatment measurements, the treatment’s impact on the 
pain system can be assessed. Furthermore, these tests 
might be useful in predicting treatment response; how-
ever, large study populations and replication of results are 
needed before this can be applied in clinical settings.

Studies have predominantly utilized QST tests to study 
treatment effects. Multiple studies reported no changes 
in QST measurement after treatments [17, 27, 28]. A 
large study in CM patients receiving flunarizine showed 
that responders were comparable to healthy controls 
whereas non-responders reported significant pain hyper-
sensitivity [41]. A study in HF-EM/CM patients treated 
with galcanezumab reported a more allodynic HPT, 
CPT and MPT in non-responders [3]. Another galcan-
ezumab study including EM and CM patients reported 
only HPT in distal regions to be associated with a clini-
cal response [43]. An erenumab treatment study in CM 
showed increased TS threshold for the responders ver-
sus non-responders; however, there was no difference 
in VAS scores for stimulus 1 versus stimulus 5 between 
responders and non-responders suggesting no difference 
in central sensitization [9]. Pre-treatment QST measure-
ments could not predict treatment outcome [9]. Since 
conflicting evidence exist, further research is necessary 

to ascertain the predictive value of QST measurements to 
identify treatment responders.

Additionally, the CPM paradigm and CCM measure-
ments may possibly be useful tools to assess and predict 
treatment response. Two studies reported an improve-
ment of CPM response after treatment [27, 35]. For 
CCM, no studies were conducted that included treatment 
intervention. Previous studies in neuropathy showed 
that corneal nerve densities can change in response to 
treatment [56, 59]. Currently, no clear CCM profile for 
migraine patients has been established, however, it might 
possible be a useful tool to evaluate or even predict treat-
ment response. More research is needed to determine 
the potential role of CPM and explore the role of CCM in 
the evaluation of treatment effect in migraine.

Migraine phases
Many psychophysical studies have conducted QST 
or CPM assessments during the interictal phase, with 
several failing to specify the assessment’s timing rela-
tive to the headache phase, while only a few consid-
ered the migraine phase and aimed to explore the 
interaction of (inter)ictal phase and psychophysical out-
come parameters.

A large study comprehensively examined QST mea-
surements across migraine phases, finding lower PPT 
values for HF-EM compared to controls in preictal and 
postictal phases, while HF-EM and CM exhibited simi-
lar values to controls in the ictal phase; LF-EM showed 
inconclusive results for PPT assessment, and TS values 
were similar between LF-EM and controls across phases, 
but higher for HF-EM and CM compared to controls 
in the ictal phase [15]. In another study involving EM 
and CM patients, QST measurements analyzed across 
migraine phases revealed a negative correlation between 
headache frequency and MPT for EM patients, with no 
such correlation observed for CM patients, additionally 
reporting higher MPT values in the interictal phase com-
pared to the preictal, ictal, and postictal phases for EM 
patients [40]. Moreover, a study administering nitroglyc-
erin (as migraine-like attack provocation) to EM patients 
revealed increased TS for LF-EM and no differences for 
HF-EM and controls post-administration [10]. In con-
trast, other studies employing phase-matched catego-
ries found no influence on CPM response [60] or QST 
measurement [43] or showed an increased mechanical 
sensitivity in all phases compared to the interictal phase 
[50]. Overall, inconsistent results are reported regarding 
alterations in QST or CPM measurements in relation to 
the migraine phases.

A strength of our systematic review is the thorough 
literature search through multiple databases, ensuring a 
comprehensive inclusion of all relevant papers. We were 
mindful of potential publication bias and therefore took 
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measures to minimize its impact by applying well-defined 
criteria for study inclusion and conducting a thorough 
evaluation of the methodological quality of the included 
studies, contributing to the quality of our review. A limi-
tation of our review is that we included only papers on 
human studies. Secondly, it is important to acknowledge 
the limitations of the current evidence based method, 
as some studies did not primarily focus comparison 
of migraine patients versus controls but focused for 
instance on treatment effect. We tried to include those 
studies in our discussion section.

Conclusion
This systematic review aimed to summarize current find-
ings on pain profiles in migraine, with a specific focus 
on QST, CPM, and CCM tests, encapsulating existing 
knowledge about sensory processing and pain modula-
tion in migraine patients. In summary, pain processing 
measurements in migraine sufferers varies based on fac-
tors like sensory modality and measurement approach, 
and migraine features.

Take home messages

1.	 The Quantitative sensory testing (QST) studies 
indicate that migraine patients exhibit lower pressure 
pain threshold (PPT) in the trigeminal region or in 
distal areas.

2.	 Conditioned pain modulation (CPM) studies in 
migraine patients suggest a normal inhibitory 
response, but with a decline in CPM response 
compared to controls. High-frequency and chronic 
migraine patients may exhibit a facilitatory CPM 
response.

3.	 Corneal confocal microscopy (CCM) studies in 
migraine show conflicting results, likely due to small 
sample sizes and limited phenotyping of migraine 
characteristics.

4.	 We recommend further research to determine 
pain profiling for chronic migraine (with/without 
medication overuse headache) compared to episodic 
migraine, and to investigate the transition from 
chronic to episodic migraine as this will provide 
more insight in the pain pathophysiology underlying 
migraine.
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