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ABSTRACT

Objectives: To evaluate the linkage underpinning different clinical conditions as painful TMD and
neck pain in patients affected by primary headaches.

Materials and methods: In this machine learning study, data from medical records of patients with
headaches as migraine, tension-type headache (TTH) and other primary ones, referring to a University
Hospital over a 10-year period were analysed. VAS was used to evaluate the intensity of the TMD and
neck pain. Moreover, the magnetic resonance imaging was used to supplement the clinical data.
Results: A total of 300 patients (72 male, 228 female), mean aged 37.78 +5.11 years, were included.
Higher TMD and neck pain VAS in migraine patients were reported. The machine learning analysis
focussed on type of primary headache demonstrated that a higher TMD VAS was correlated to
migraine, whereas a higher neck pain VAS was correlated to TTH or migraine. Concerning the TMD
type, arthrogenous and mixed TMD were correlated to mild-moderate TMD pain (depending on neck
pain intensity), whereas myogenic TMD was correlated to moderate-severe TMD pain.

Conclusions: Machine-learning approach highlighted the complexity of diagnosis process and demon-
strated that neck pain might be an influential variable on the belonging to different group of head-

ARTICLE HISTORY
Received 17 May 2022
Revised 15 July 2022
Accepted 19 July 2022

KEYWORDS
Temporomandibular disor-
ders; facial pain; migraine;
tension-type headache;
neck pain

aches in TMD patients.

Introduction

Temporomandibular disorders (TMD) is an umbrella term
that refers to disorders associated with the masticatory
muscles of the stomatognathic system, temporomandibular
joint (TMJ), or both [1]. Painful TMD are considered as the
main cause of non-odontogenic pain in the orofacial region
[2] and it is estimated that 25% of the adult population
presents signs and/or symptoms of TMD, with a female/male
ratio ranging from 1.5 to 2.5 [3]. The aetiology is not clear,
considering the complexity of TMD that have a multitude of
risk factors, including oral parafunctions, trauma, and psycho-
logical factors [4,5]. According to Diagnostic Criteria for TMD
(DC/TMD) Axis |, TMD could be divided in muscle disorders
or intra-articular disorders [6]. Indeed, in addition to muscle
and joint involvement, neck pain and headache are consid-
ered as frequent clinical manifestations of TMD that should
be taken into consideration for conservative treatment (e.g.
occlusal splints, laser therapy, transcutaneous electrical nerve
stimulation, physical therapy, oxygen-ozone therapy, and
behavioural therapies) [7-10].

In this context, headache disorders are among the most
common causes of disability worldwide [11]. More in detail,
primary headache disorders, including migraine and tension-
type headache (TTH), are considered as important global
health problems due to their high prevalence [11]. Indeed,
the prevalence of headache disorders is 46% for headache
generally, 42% for TTH, and 11% for migraine [12]. It has
been recently evaluated in the scientific literature the strict
relationship between TMD and headache [13-16], not only in
terms of sharing common pathogenic mechanisms and clin-
ical features, but also considering that one condition might
influence or promote the development of the other [17].
Both conditions could cause facial pain, and are frequently
associated with the development of craniofacial allodynia
during painful exacerbation [18]. Indeed, pain in both condi-
tions has been attributed to common dysfunctions of the
central pain regulation mechanisms [19]. Furthermore, the
concomitance of TMD and migraine has showed to worse
levels of hyperalgesia and cutaneous allodynia, probably due
to the sensitisation of central and peripheral nervous system
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and the impairment of the descending modulatory pain
pathways [18-20].

TMD pain might also cause limitations in the activities of
daily living (ADLs) with severe family and socio-occupational
repercussions owing to its effects on mental wellbeing,
health-related quality of life (HRQoL), and limiting workplace
performance [21]. Moreover, almost 80% of migraine
patients suffer from neck pain, and these patients showed a
higher prevalence of TMD than the healthy popula-
tion [22,23].

Machine learning statistical approaches have been
recently applied in the clinical field to different extents, start-
ing from principal component analysis (PCA), and clustering
methods [24,25]. More in detail, clinical classifiers using algo-
rithms and statistical methods allowing ‘learning’ from pre-
diction parameters might be useful to better understand
correlation among different clinical conditions [26].

In the scientific literature the correlation among primary
headaches, TMD, and neck pain has been investigated, albeit
their strict correlation has not been supported by
strong evidence.

Therefore, the present study aimed at evaluating the link-
age underpinning different clinical conditions as painful
TMDs (myogenous, arthrogenous, and mixed) and neck pain
in patients affected by primary headaches.

Material and methods
Participants

This retrospective study analysed data from medical records
of patients with diagnosis of migraine, TTH, or and other pri-
mary headaches, according to the International Classification
of Headache Disorders [27,28], that referred to the
Gnathology Unit of University Hospital ‘Maggiore della
Carita’ of Novara, Italy, over a 10-year period from January
2010 to December 2019. Exclusion criteria were: (1) assump-
tion of analgesic drugs in the week before the clinical evalu-
ation or assumption of medication for prophylactic
treatment of headache; (2) history of overuse of symptom-
atic medications according to the criteria proposed by the
ICHD-3; (3) evidence of concurrent illness; (4) history of
undergoing head-neck surgery; (5) an ongoing orthodontic,
speech-language or dental treatment or ongoing physical
therapy treatment for neck pain; (6) psychiatric diseases or
neurological diseases other than headache; (7) patients
experiencing a headache attack at the moment
of evaluation

The study was approved by the Local Ethics Committee
(CE 59/10, prot.343). All participants were asked to carefully
read and sign an informed consent, and researchers provided
to protect the privacy and the study procedures according
to the Declaration of Helsinki, with pertinent National and
International regulatory requirements. Moreover, the study
was performed in accordance with the STrengthening the
Reporting of OBservational studies in Epidemiology
(STROBE) Guidelines.

TMD diagnosis

A high-experienced dentist evaluated the potential study
participants according to the specific diagnostic criteria for
TMD, considering the period in which patients were
assessed. More in detail, the patients had diagnosis of TMD
based on the research diagnostic criteria for temporoman-
dibular disorders (RDC/TMD) [1] from 2010 to 2013, and
according to the diagnostic criteria for TMD (DC/TMD) [6]
from 2014 to 2019.

The diagnosis of TMD involves Axis | for the clinical exam-
ination and Axis Il for the pain-related disability. Thus, Axis |
classifies TMD into three groups:

e Group |. Muscle diagnoses: (a) myofascial pain; (b) myo-
fascial pain with limited opening

e Group Il. Disc displacements: (a) disc displacement with
reduction; (b) disc displacement without reduction, with
limited opening; (c) disc displacement without reduction,
without limited opening.

e Group lIl. Arthralgia, osteoarthritis, osteoarthrosis: (a) arth-
ralgia; (b) osteoarthritis of the temporomandibular joint;
(c) osteoarthrosis of the temporomandibular joint.

On the other hand, Axis Il allows the assessment of pain-
related disability, evaluating relevant behavioural, psycho-
logical status, and psychosocial functioning (e.g. depression
and somatisation, pain status variables, and disability levels).

In the present investigation, only DC/TMD Axis | findings
were reported, without considering the psychosocial assess-
ment provided by the DC/TMD axis Il. Therefore, the follow-
ing DC/TMD Axis | diagnostic subgroups were considered in
this study: myogenous TMD (diagnoses for groups la or Ib),
arthrogenous TMD (diagnoses for groups Il or Ill), and mixed
TMD (diagnoses for groups | and II/111).

TMD and neck pain evaluation

A Visual Analogue Scale (VAS) was used to evaluate the
intensity of pain in terms of TMD pain and neck pain, per-
ceived by the patient at the clinical evaluation, though a
self-administered score ranging from 0 (absence of pain) to
10 (worst pain ever).

MRI evaluation

A 1.5-Tesla MRI unit (Siemens Symphony, Erlangen, Germany)
with a 6 x 8-cm diameter surface coil, which allowed for sim-
ultaneous imaging of both TMJs, was used. The closed and
open mouth technique was used, and sagittal sections were
obtained perpendicular to the long axis of the condyle.
Coronal sections were obtained as well. No sedation or intra-
venous contrast administration was used. All images should
be oblique so that sagittal oblique images are perpendicular
to and coronal oblique images are parallel to the long axis
of the condyle. The imaging protocol consisted of a T1-
weighted axial spin echo image, which acted as the localiser.
The scans included 3-mm sections, 15-cm field of view, and



a 256 x 224 matrix. T1-weighted images were obtained using
a 520-ms/11 ms repetition time/echo time (TR/TE) sequence.
T2-weighted images were obtained using a 2740-ms/107-ms
TR/TE sequence. The TMJs were imaged in the coronal and
sagittal planes. A mouth-opening device was used, which
allowed for incremental opening at 1-mm intervals.

For each individual subject in the sample, MR images of
the TMJ were used to evaluate: (a) internal disorder (anterior
disc displacement with reduction [ADDWRI; anterior disc
displacement without reduction [ADDWOoR]) [29,30]; (b)
hypermobility (subluxation); (c) degenerative diseases (osteo-
arthritis). The condylar translation was considered excessive if
the condylar head translated beyond the articular eminence
(subluxation) [31]. Moreover, MRI diagnosis of osteoarthritis
was defined as the presence of condylar deformities associ-
ated with flattening, subchondral sclerosis, surface irregular-
ities, erosion and osteophyte [32].

Inferential statistical analysis and machine learning

All continuous variables are expressed as means * standard
deviations; categorical variables are expressed as counts/per-
centages. Nominal values were tested with X2, ordinal values
were tested with Mann-Whitney test. For further details see
Table 1.

Multivariate methods have been recently applied in the
clinical field to different extents, starting from PCA, and clus-
tering methods [24,25]. Supervised multivariate classification
models have also been applied, the most exploited tools
being: linear discriminant analysis, factorial discriminant ana-
lysis and K nearest neighbours [33].

Therefore, a linear discriminant analysis was used for auto-
mated classification of TMDs and headache using all the VAS
scale of TMD and cervical neck pain. The linear discriminant
analysis assumes a gaussian distribution and defines linear
discrimination boundaries between the categories, where it
maximises the variance between classes [26]. A classification
evaluation metrics was performed through the model preci-
sion, recall, the F1-score and the area under the ROC curve
(AUQ). Precision meant the ratio of correct positive predic-
tions to the total predicted positives, while the recall ratio of
correct positive predictions to the total positive observations.
At the same time the F1 Score evaluated the harmonic mean
of the precision and recall scores, while sample average of
the AUC values from the test samples. The cross-validated
AUC provides a reasonable estimate for the classification
accuracy for future analysis [34]. The covariance matrices
should be equal and were checked with the Box's M test.
When the significance of statistical does not override the crit-
ical level, then the equivalence of the covariance matrices is
corroborative. When the test shows statistical significance,
then the assumption is violated, and the sets are considered
different [35]. Lastly, a decision boundary map (DBM) was
performed as a set of 2D points for which individuals densify
more frequently, hence where they are classified in the same
class [36]. Decision zones are separated by decision bounda-
ries, which are pixels in which labels (colors) differ from
those of at least one neighbouring 8-pixel in the DBM. Thus,
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the DBM shows, among other things, how high-dimensional
space is actually partitioned into decision zones, how large
these zones are, how adjacent they are to each other, and
how uniform the decision boundaries between classes are
[37]. The analysis trough R 3.5.2 (R foundation, Vienna,
Austria) with MASS and ROCR R-packages and JASP 0.16
(JASP project, Amsterdam, Netherlands) was performed.

Random forest regression, exploiting lesser variables,
omits variables during the calculations to change the
explained variance and determines the intrinsic consequence
of including or excluding the variables. The outcome is a
rank expressed as mean increase Gini (IncNodeGini, the pur-
ity of the splits of the decision trees), therefore the larger
the IncNodeGini the larger the importance of a given vari-
able, and as mean decrease accuracy (INncMSE%, a measure
of sum of squares as a prediction error) [38].

Results

Out of 327 medical records of patients with primary head-
ache, a total of 300 patients, mean aged 37.78+5.11,
respected the eligibility criteria and were included for the
final analysis. The study participants were 72 male and 228
female, with a female/male ratio of 3.17/1. One hundred
one were diagnosed as TTH patients, mean aged
38.35+5.08 years, 12 male and 89 female; 54 (9 male and 45
female) were diagnosed as migraine patients, with a mean
age of 37.91+4.89years old; lastly, 154 subjects had other
primary headaches, mean aged 37.35+5.89 years with male/
female ratio of 12/132.

In the sample, the 72.22% of patients with migraine had a
diagnosis of TMD, higher than patients with TTH (63.37%)
and significantly higher than those with other primary head-
aches (55.17%; p =.030).

Patients with migraine had a TMD VAS (6.03 +2.11) signifi-
cantly higher than TTH patients (4.39+1.68; p=.002) and
other primary headaches patients (5.54+1.59; p=.003);
moreover, migraine patients also showed a neck pain VAS
(6.65+3.01) significantly higher than TTH patients
(6.19+1.52; p=.030) and other primary headaches patients
(5.21+1.44; p=.001). Table 1 reports further details on the
differences in outcome measures according to the diagnosis
of primary headache.

According to the machine learning approach, the linear
discriminant analysis of headache reported a precision of
0.633, a recall of 0.633, a F1 score of 0.609 and an AUC of
0.627. Box's M statistic had a y? of 27.583 with a p <.001.
Since the result is significant (p <.05), so there is sufficient
evidence that we reject the hypothesis that the group’s
covariance matrices are equal.

Therefore, a decision boundary map was plotted based
on the neck and TMD pain scale, providing a correlation
between the type of headache and the VAS, as shown in
Figure 1.

TTH or migraine might be reported for a neck pain VAS >
6. At the same time, for a TMD VAS > 6, there was a correl-
ation with migraine, whereas a TMD VAS < 6 showed to be
correlated to TTH.
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Table 1. Differences in outcome measures according to the diagnosis of primary headache in the sample (n = 300).

TTH vs Migraine vs other
other primary primary headaches
TTH Other primary TTH vs migraine headaches -
(n=101) Migraine (n = 54) headaches (n = 145) p-value p-value p-value
Diagnosis of TMD 64 (63.37%) 39 (72.22%) 80 (55.17%) 271 .200 .030%*
Myogenous TMD 25 (24.75%) 21 (38.89%) 29 (20.00%) .288 452 .049%
Arthrogenous TMD 16 (15.84%) 9 (16.67%) 26 (17.93%) .266 444 .040*
Mixed TMD 23 (22.77%) 9 (16.67%) 25 (17.24%) 233 456 .0471%*
TMD VAS 439+1.68 6.03+£2.11 554+1.59 .002* 452 .003*
Presence of 68 (67.33%) 40 (74.07%) 83 (57.24%) .381 117 .032%*
neck pain
Neck pain VAS 6.19+1.52 6.65+3.01 521+£1.44 .030%* .001%* .001%*
ADDWR 29 (28.71%) 14 (25.93%) 31 (21.38%) 713 593 .501
Monolateral 21 (20.79%) 11 (20.37%) 25 (17.24%) .662 512 498
Bilateral 8 (7.92%) 3 (5.56%) 6 (4.14%) 729 582 453
ADDWoR 13 (12.87%) 5 (9.26%) 21 (14.48%) 187 196 543
Monolateral 10 (9.90%) 3 (5.55%) 14 (9.66%) 116 .099 482
Bilateral 3 (2.97%) 2 (3.70%) 7 (4.83%) 211 150 465
Hypermobility/ 9 (8.91%) 5 (9.26%) 16 (11.03%) 941 594 721
subluxation
Monolateral 4 (3.96%) 3 (5.55%) 7 (4.83%) 923 .630 .694
Bilateral 5 (4.95%) 2 (3.70%) 9 (6.21%) .876 517 .708
Osteoarthritis/ 5 (4.95%) 2 (3.70%) 7 (4.83%) 723 .198 732
osteoarthrosis
Monolateral 3 (2.97%) 1 (1.85%) 4 (2.76%) .654 170 675
Bilateral 2 (1.98%) 1(1.85%) 3 (2.07%) 711 192 .633

Continuous variables are expressed as means +standard deviations; categorical variables are expressed as counts/percentages. Nominal values were tested with
X2 ordinal values were tested with Mann-Whitney test. TTH: tension-type headache; TMD: temporomandibular disorders; VAS: visual analogue scale; ADDWR:
anterior disc displacement with reduction; ADDWoR: anterior disc displacement without reduction; *: significant p values.
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Figure 1. Headache decision Boundary Map. A Decision Boundary Map (DBM)
is a 2D image that shows a representation of how space is divided into decision
zones based on the two VAS scores.

The linear discriminant analysis of TMDs reported a preci-
sion of 0.630, a recall of 0.671, a F1 score of 0.629, and an
AUC of 0.802. Box's M statistic had a y* of 218.315 with
p <.001. Since the result is significant (p <.05), so there is
sufficient evidence that we reject the hypothesis that the
group’s covariance matrices are equal. Then, a decision
boundary map was plotted based on the neck and TMD pain
scale, providing a prediction of the type of TMD based on
the VAS scores, as shown in Figure 2.

For TMD VAS > 5, a correlation with myogenic disorder
appeared regardless of the pain felt at the cervical spine. In
case of mild or moderate TMD VAS (ranging from 3 to 5),
neck pain VAS > 5 might correlate to mixed TMD, whereas a
neck pain VAS < 5 might correlate to arthrogenous TMD.

Lastly, the importance of the single variables was assessed
based on the different group of headaches in patients with
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Figure 2. TMD decision Boundary Map. A Decision Boundary Map (DBM) is a
2D image that shows a representation of how space is divided into decision
zones based on the two VAS scores.

Table 2. Variable importance with TMD for different type of headache.

Mean decrease in accuracy Total increase in node purity

Neck pain 59.43 60.04
ADDWR 12.48 13.94
Sex 7.63 6.98
Age 4.10 2.10
Hypermobility 0.00 0.00
Osteoarthritis 0.00 0.00

The rank is expressed as mean decrease accuracy (a measure of sum of
squares as a prediction error); the larger the value the larger the importance
of a given variable) and Gini mean increase value (the purity gain of the splits
of the decision trees). ADDWR: anterior disc displacement with reduction.

diagnosis of TMD, reporting that neck pain was the most
influential variable (mean decrease in accuracy = 59.43; total
increase in node purity = 60.04). See Table 2 for further
details. As validation, the MSE value stood at 0.46 with an R2
of 0.58.



Discussion

This machine learning study aimed at defining the linkage
among TMD (myogenous TMD, arthrogenous TMD, and
mixed TMD) and neck pain in patients affected by TTH,
migraine, and other primary headaches.

The results of the present study reported that TMD were
frequently overlapped in patients with primary headaches.
Indeed, a diagnosis of TMD was found in 63.37% of TTH,
72.22% of migraine, and in 55.17% of patients with other pri-
mary headaches. Migraine patients showed a higher mean
TMD VAS (6.03+2.11) compared to TTH and other primary
headaches groups (p=.002 and p=.003, respectively).
Moreover, TMD diagnosis was more frequent in patients with
migraine (72.22%) then in patients with TTH (63.37%) and
significantly higher than those with other primary headaches
(55.17%; p =.030).

It was interesting to note that myogenous TMD was the
most common subtype (38.89%) in patients with migraine;
this finding is in line with a study of Ashraf et al. [39] that
evaluated the relationship between painful signs of TMD and
the presence of migraine using a large sample of 5876
adults, and results of their study showed a statistically signifi-
cant association between muscular TMD and the presence
of migraine.

It seems that arthrogenous TMD may be a rather localised
phenomenon, whereas myogenous TMD might be combined
with some more general functional changes [19]. Indeed,
muscular TMD may be linked to migraine through the phe-
nomenon of central sensitisation and cutaneous allodynia in
the distribution of the trigeminal nerve [18,40,41]. In this
context, Chaves et al. [18] showed increased hyperalgesia to
both heat and cold and increased mechanical pain sensitivity
in cephalic and extra-cephalic areas in patients with migraine
plus TMD. Since individuals with migraine and TMDs are two
to three times more likely to experience cutaneous allodynia
symptoms, it is possible hypothesise that having one dis-
order (e.g. migraine) might predispose to the development
or diagnosis of the other (e.g. TMD) [42]. Moreover, the sci-
entific literature showed that both patients with diagnosis of
migraine or TMD presented with high levels of anxiety,
depression, and stress than asymptomatic subjects [43,44],
exhibiting higher levels of pain-related catastrophization [45].

About neck pain, results of the present study reported
that it was found in 67.33% of TTH, 74.07% of migraine, and
in in 57.24% of patients with other primary headaches.
Moreover, neck pain VAS was significantly higher in migraine
patients then both TTH (p=.030) and other primary head-
aches patients (p =.001). Furthermore, there was a significant
difference also between neck pain VAS of TTH and other pri-
mary headaches patients (p=.001). As depicted by Table 2,
results of the present study revealed that neck pain was
identified as the most influential variable on the correlation
of different group of headaches and the presence of TMD.

More in detail, the decision boundary plot in machine
learning analysis focussed on the primary headache type
showed that a neck pain VAS > 6 was correlated with a TTH
or migraine and that a TMD VAS > 6 was correlated to the
only migraine (see Figure 1).
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Furthermore, concerning the machine learning approach
on TMD type, a myogenic TMD reported a TMD VAS > 5
independently from the neck pain intensity; nevertheless, in
case of a mild-moderate TMD VAS ranging from 3 to 5, neck
pain VAS plays a key role in the correlation with mixed TMD
(for neck pain VAS > 5) and an arthrogenous TMD (for neck
pain VAS < 5), as shown by Figure 2.

In the scientific literature, it is reported that patients with
diagnosis of migraine and TTH commonly might experience
neck pain [46], and the linkage among them could be
related to the trigemino-cervical nucleus, in which primary
afferent inputs from both trigeminal and upper cervical
nerves converge [47]. Thus, neck pain may be a referred pain
and part of the headache symptomatic complex [47]; other-
wise nociception from upper cervical structures may refer
pain to the head, resulting in cervicogenic headache [27].
Moreover, increased pain sensitivity of the cervical muscles
in TMD patients and the decreased pain threshold of the
masticatory muscles in patients with chronic neck pain have
been observed [48]. In this context, Liang et al. [42] demon-
strated that subjects with masticatory myofascial pain have
greater neck disability than asymptomatic controls and that
the greater the degree of neck disability, the greater the
anterior temporalis, sternocleidomastoid and upper trapezius
muscle sensitivity. Moreover, in literature it was showed that
physical therapy for cervical neck pain was effective in reduc-
ing pain in patients with tension-type headaches [49], cervi-
cogenic headache [50], and recently in patients with TMD
and migraine [51]. Indeed, Calixtre et al. [51] conducted a
randomised controlled trial to determine whether mobilisa-
tion of the upper cervical region and craniocervical flexor
training decreased orofacial pain and headache impact in
women with TMD. Their results presented a reduction of
pain with significant between-groups differences with a sig-
nificant change in headache impact between groups.
Garrigés-Pedrdn et al. [43] randomised a total of 45 partici-
pants with chronic migraine and TMD into two groups: a cer-
vical group and a cervical and orofacial group. Both groups
continued their medication regimens for migraine treatment
and received physical therapy. The cervical group received
physical therapy only in the cervical region, and the cervical
and orofacial group received physical therapy in both the
cervical and orofacial regions. The Authors demonstrated
that both groups reported a significant improvement in pain
intensity and headache impact, although cervical and orofa-
cial treatment was more effective than cervical treatment
alone for increasing pressure pain threshold in the trigeminal
region and producing pain-free maximum mouth opening.

This study is not free from limitations: first, the retrospect-
ive study design that did not allow a cause-effect relation-
ship; second, the difference in number of subjects in the
three groups albeit it should be considered the huge sample
size (300 patients with primary headaches); third, in this
retrospective study, the Axis Il for the diagnostic criteria for
TMD (regarding pain-related disability, psychological status,
and psychosocial functioning) was not taken into consider-
ation; lastly, there was a lack of data on the different sub-
types for migraine and TTH.
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However, to the best of our knowledge, this is the first
decision-making study on TMD investigating the correlation
with primary headaches and cervical neck pain, through a
machine learning approach, considered as a relatively new
statistical method in the scientific field.

Conclusions

Taken together, findings of this study showed that TMD and
cervical neck pain could be very frequent in subjects affected
by primary headaches, reporting a higher TMD and neck
pain VAS in patients with migraine. The machine learning
analysis focussed on type of primary headache reported that
a higher TMD VAS was correlated to migraine and a higher
neck pain VAS was correlated to TTH or migraine.
Concerning the TMD type, arthrogenous and mixed might
be correlated to mild-moderate TMD pain (depending on
neck pain intensity), and myogenic TMD might be correlated
to moderate-severe TMD pain. Albeit this model of machine
learning could be considered as reliable due to the huge
sample size, future research is needed to confirm these data
to provide more information on this novel statistical
approach for the management of TMD in patients
with headache.
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