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ABSTRACT
Aim: Identify values that could predict the presence of increased pressure-pain sensitivity independent of the migraine cycle 
through a single assessment.
Methods: This was a secondary analysis of a previous study in which 198 episodic and chronic migraine patients were assessed 
during all phases of the migraine cycle. Pressure pain threshold (PPT) was assessed over the temporalis, cervical spine, hand, 
and leg. Migraine patients were divided into two sub-groups: patients with increased pressure-pain sensitivity (IPS) and with 
No IPS (No-IPS). A Chi-squared Automatic Interaction Detection decision tree analysis was used to identify predictors to be in-
cluded in the IPS or NoIPS group. To assess the internal validity of the model, a tenfold cross-validation was applied.
Results: 161 (81%) patients were included in the IPS group, while 37 (19%) in the NoIPS group. Migraine patients with: (1) 
Temporalis PPT ≤ 130 kPa; (2) Temporalis PPT > 130 kPa and ≤ 197.5 kPa and hand PPT ≤ 347.33 kPa; (3) Temporalis PPT 
> 197.5 kPa and hand PPT ≤ 315 kPa; were correctly included in the IPS group with a sensitivity of 96%, a specificity of 81%, a pos-
itive predictive value of 96%, and a negative predictive value of 81%. The accuracy of the model and the cross-validation analysis 
were respectively 93% and 92%.
Conclusion: The high internal validity suggests that our model could precisely predict the presence of IPS independently by the 
phase in which the assessment occurred. Trigeminal and hand PPT cut-off values could be used to identify patients with IPS.
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1   |   Introduction

Migraine is a common neurovascular brain disorder charac-
terised by a cyclic increase in sensitisation mechanisms (Di 
Antonio, Arendt-Nielsen, et  al.  2022; Di Antonio, Castaldo, 
et al. 2022). Recently, it has been shown that increased pain 
sensitivity detected through Quantitative Sensory Testing 
(QST) could be a predictor of the treatment response in mi-
graine patients (Hong et al. 2023), outlining the possible im-
portance of performing such quantitative assessment. In a 
clinical setting (e.g., migraine), where no control groups are 
available, reference values are needed to identify patients 
with increased pain sensitivity, and normative cut-off val-
ues extrapolated from healthy subjects have been proposed 
(Andersen et  al.  2015). However, due to the cyclic nature of 
migraine, QST results vary across the migraine cycle (Peng 
and May  2018), reducing the clinical utility of using single 
normative cut-off values from healthy subjects. Even if a mi-
graine patient could be above a “cut-off” threshold during the 
assessment, he/she may be below that same threshold the fol-
lowing days, in which he/she will be in a different phase of the 
migraine cycle (or vice versa).

To overcome this limit, we assessed migraine patients across 
the 4 phases of the migraine cycle and identified those with 
increased pressure-pain sensitivity in each phase (pre-ictal, 
ictal, peri-ictal, inter-ictal). Episodic and chronic migraine pa-
tients were included and divided into two cohorts according to 
the phase in which the examination occurs: 100 ictal/peri-ictal 
patients (ictal: headache attack during the assessment; preic-
tal: headache attack occurred in the 24 h after the assessment; 
postictal: headache attack occurred in the 24 h before the assess-
ment); 98 interictal (no headache during the assessment or in 
the 24 h before/after the assessment). In each cohort, patients 
were sub-grouped according to clinical and psychophysical 
variables into distinct clusters. The cluster analysis identified in 
each cohort a group with no increased pressure-pain sensitivity 
(NoIPS) (18%–19% of patients), while the remaining 81%–82% 
of patients had increased pressure-pain sensitivity (IPS) (Di 
Antonio et al. 2023). The IPS groups of both cohorts had reduced 
Pressure Pain Threshold (PPT) over all tested areas (temporalis, 
cervical spine, hand, and leg) compared to NoIPS and a group 
of healthy subjects matched for age, sex, and body mass index 
(N = 56) (Di Antonio et al. 2024). On the other hand, the NoIPS 
groups of both cohorts had either no significant difference or 
increased PPT compared with healthy subjects (Di Antonio 
et al. 2024). Finally, for each cohort, cut-off values to identify mi-
graine patients with IPS were identified (Di Antonio et al. 2023).

However, migraine patients were treated as two district cohorts 
according to the phases in which they were assessed, and cut-off 
values to identify patients with IPS varied according to the phase 
in which the examination occurred (Di Antonio et  al.  2023). 
This undermines the utility of these cut-off values, as the phase 
in which the assessment took place could only be determined 
retroactively, after the development of the following headache 
attack. Thus, in this secondary analysis of the previous study 
(Di Antonio et al. 2023), we treated the two cohorts of migraine 
patients as one group, and we aimed to identify variables predic-
tive of the presence of IPS independent of the interictal and ictal/
peri-ictal phases of migraine.

2   |   Method

This multicentre, cross-sectional, observational study was con-
ducted at the Parma and Genova Headache Center and approved 
by the Ligurian (244/2018) and “Area Vasta Emilia-Nord” 
(18305/2019) regional ethics committee. All subjects signed an 
informed consent form and were assessed between April 2019 
and February 2022.

This is a secondary analysis of a previous study (Di Antonio 
et al. 2023) in which a total of 198 episodic and chronic migraine 
patients were assessed during all phases of the migraine cycle. 
According to the phase in which the examination occurred, 
patients were categorised as being in the ictal/peri-ictal phase 
(if the headache was present during the evaluation or occurred 
24 h before or after the assessment) or in the interictal phase (no 
headache was present during the evaluation or in the 24 h be-
fore/after the assessment), as reported elsewhere (Di Antonio 
et  al.  2023, 2024). The migraine diagnosis was performed ac-
cording to ICHD-3 criteria (Olesen 2018). Inclusion and exclu-
sion criteria were explained in detail elsewhere (Di Antonio 
et al. 2023, 2024).

Migraine patients in each phase were then divided into two sub-
groups according to the results of a cluster analysis conducted 
in the primary analysis of these data. Briefly, clinical and psy-
chophysical variables were assessed in each patient (headache 
frequency, disability, active range of motion of the cervical 
spine, and PPT). PPT was assessed using a hand-held algometry 
(Somedic AB, Sweden, probe area 1 cm2, 30 kPa/s force increase) 
over the trigeminal area (anterior, middle, and posterior column 
of temporalis muscles), cervical spine (left and right C1, C2, C4, 
and C6 articular pillars), second metacarpophalangeal joint of 
the dominant hand, and tibialis anterior muscle of the dominant 
leg. These measurement points were chosen as they have been 
previously used to assess widespread hyperalgesia (Fernández-
de-las-Peñas et  al.  2022). Trigeminal PPT was assessed over 
the symptomatic side in patients with unilateral migraine and 
over the dominant side in patients with side/shift or bilateral 
migraine.

Using these variables, a cluster analysis was performed with 
the K-means algorithm, without making any a priori assump-
tions about the expected number of clusters. As a result, two 
subgroups were found, one showing reduced PPT values 
(IPS group) and one showing increased PPT values (NoIPS 
group) (Di Antonio et  al.  2023). As in the primary analysis 
the clustering was performed controlling for the phase of the 
migraine cycle in which the assessment occurs, each patient 
was assigned to one group considering the phase in which 
the evaluation took place. The IPS group exhibited increased 
pressure-pain sensitivity, while the NoIPS group exhibited de-
creased pressure-pain sensitivity in all phases of the migraine 
cycle (Di Antonio et al. 2023). The complete procedure of the 
assessment and analysis was explained in detail elsewhere (Di 
Antonio et al. 2023).

After patients were assigned to the IPS or the NoIPS group, 
differences in sex, age, body mass index (BMI), and PPT were 
assessed across IPS migraine, NoIPS migraine, and a group 
of healthy controls without migraine or any other primary 
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headache type with no family history of migraine or other pri-
mary headaches. As age and BMI were not normally distrib-
uted, differences in these variables were investigated with the 
Kruskal Wallis test. Differences in sex were investigated with 
the Chi-square test. The Mann–Whitney test and the Chi-square 
test (2 × 2 contingency table) were used to run post hoc analyses 
respectively for the Kruskal Wallis test and Chi-square, using a 
Bonferroni corrected p-value. PPT differences were investigated 
by performing ANCOVA (correcting for age, sex, and BMI) 
using log-transforming PPT values. Bonferroni-adjusted post 
hoc analysis was performed to make single-groups comparisons.

Finally, a Chi-squared Automatic Interaction Detection (CHAD) 
decision tree analysis was used to identify clinical predictors to 
be included in the NoIPS or IPS group. CHAD algorithm was 
chosen as it has already been used efficiently for prediction 
in a smaller sample of migraine patients (Pan et  al.  2022). To 
shorten the assessment procedure and make it easily performed 
in a clinical scenario, only two independent PPT variables were 
used to predict the inclusion in the NoIPS or IPS group. These 
variables were PPT over the anterior column of the temporalis 
muscle (symptomatic side in patients with unilateral migraine; 
dominant side in patients with side/shift or bilateral migraine) 
and the second metacarpophalangeal joint of the dominant 
hand. Adjustments were as follows: maximum of 3 levels; min-
imum number of cases for parent nodes, n = 11; child nodes, 
n = 3. The Likelihood ratio was chosen as a statistic and the sig-
nificance level for splitting nodes was set to α = 0.05 applying 
classical Bonferroni correction to avoid α error accumulation. 
Then, to assess the internal validity of the model, a tenfold cross-
validation was applied. The sample was divided into 10 equal 
parts, and 10 new decision trees were repeatedly refitted with 
9/10 of the data. The model error for cross-validation was calcu-
lated based on the average value of the 10 results and was com-
pared to those of the main analysis. The statistical analyses were 
performed using the SPSS software (version 24).

3   |   Results

A total of 161 (81%) migraine patients were included in the IPS 
group, while the remaining 37 (19%) were in the NoIPS group. 
The IPS group demonstrated deduced PPT values in all tested 
areas compared to the NoIPS group and a group of healthy sub-
jects (Figure 1 and Table 1). Migraine patients were included in 
the IPS group if any of the following characteristics were pres-
ent: (1) PPT over temporalis ≤ 130 kPa; (2) PPT over temporalis 
> 130 kPa and ≤ 197.5 kPa and PPT over the hand ≤ 347.33 kPa; 
(3) PPT over temporalis > 197.5 kPa and PPT over the hand 
≤ 315 kPa. These three cut-off values correctly included migraine 
patients in the IPS group with a sensitivity of 96%, a specificity of 
81%, a positive predictive value of 96%, and a negative predictive 
value of 81% (Figure 2). The overall accuracy of the model was 
93% (model error: mean = 0.07; Standard error = 0.02). The result 
of the cross-validation analysis revealed an overall accuracy of 
92% (model error: mean = 0.08; Standard error = 0.02).

4   |   Discussion

The high internal validity suggests that the model could pre-
cisely predict the presence of IPS independently of the phase 
in which the assessment was done. These results suggest 
that the trigeminal and hand PPT cut-off values presented 
in this study could be used in a clinical and research setting 
to identify patients with IPS, independently of the phase of 
the migraine cycle. In a clinical setting, identifying patients 
with IPS with simple bedside tests may be important, to de-
sign a tailored multidisciplinary management, targeting this 
aspect. Pressure-pain hyperalgesia is often underestimated, 
and hence reliable tools are warranted. However, future lon-
gitudinal studies assessing the same patients across different 
migraine phases should be performed to confirm the validity 
of these cut-off values.

FIGURE 1    |    Sensory profile of migraine patients with no increased pressure-pain sensitivity and with increased pressure-pain sensitivity. PPT 
data were reported as mean and standard deviation. IPS, increased pressure-pain sensitivity; kPa, kilopascal; NoIPS, no increased pressure-pain 
sensitivity; PPT, pressure pain threshold. Created with BioRe​nder.​com.
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The clinical validity of this assessment procedure should also 
be further investigated. Even if the presence of cutaneous allo-
dynia is a promising biomarker to identify responders to acute 
and prophylactic treatments in migraine patients (Delussi 
et al. 2020; Ezzati et al. 2023; Hong et al. 2023; Pan et al. 2022; 
Pijpers et al. 2023), the ability of pressure-pain hyperalgesia to 
predict treatment response has been less studied and is still de-
batable (Börner et al. 2022; Peng et al. 2022; Schwarz et al. 2021). 
Cutaneous allodynia and pressure-pain hyperalgesia could be 
considered two different proxies of the same complex phenom-
enon (increased sensitization mechanisms), and their results 
do not always correlate (Di Antonio, Castaldo, et  al.  2022; Di 
Antonio et al. 2024). Thus, it could not be speculated that the 
promising role of allodynia as a biomarker to predict treatment 
response could also apply to pressure-pain hyperalgesia and fu-
ture studies that specifically assess the role of pressure-pain hy-
peralgesia in predicting treatment response are needed.
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