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SUMMARY:

To verify whether trigeminal effects on cognitive performance involve locus coeruleus
activity, two protocols are presented that aim to evaluate possible correlations between the
performance and task-related pupil size changes induced by chewing. These protocols may
be applied to conditions in which locus coeruleus contribution is suspected.

ABSTRACT:
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Current scientific literature provides evidence that trigeminal sensorimotor activity
associated with chewing may affect arousal, attention, and cognitive performance. These
effects may be due to widespread connections of the trigeminal system to the ascending
reticular activating system (ARAS), to which noradrenergic neurons of the locus coeruleus (LC)
belongs. LC neurons contain projections to the whole brain, and it is known that their
discharge co-varies with pupil size. LC activation is necessary for eliciting task-related
mydriasis. If chewing effects on cognitive performance are mediated by the LC, it is
reasonable to expect that changes in cognitive performance are correlated to changes in task-
related mydriasis. Two novel protocols are presented here to verify this hypothesis and
document that chewing effects are not attributable to aspecific motor activation. In both
protocols, performance and pupil size changes observed during specific tasks are recorded
before, soon after, and half an hour following a 2 min period of either: a) no activity, b)
rhythmic, bilateral handgrip, c) bilateral chewing of soft pellet, and d) bilateral chewing of
hard pellet. The first protocol measures level of performance in spotting target numbers
displayed within numeric matrices. Since pupil size recordings are recorded by an appropriate
pupillometer that impedes vision to ensure constant illumination levels, task-related
mydriasis is evaluated during a haptic task. Results from this protocol reveal that 1) chewing-
induced changes in performance and task-related mydriasis are correlated and 2) neither
performance nor mydriasis are enhanced by handgrip. In the second protocol, use of a
wearable pupillometer allows measurement of pupil size changes and performance during
the same task, thus allowing even stronger evidence to be obtained regarding LC involvement
in the trigeminal effects on cognitive activity.

INTRODUCTION:

In humans, it is known that chewing quickens cognitive processing’? and improves arousal®#,
attention®, learning, and memory®’. These effects are associated with shortening of the
latencies of cortical event-related potentials® and an increase in the perfusion of several
cortical and subcortical structures®°.

Within cranial nerves, the most relevant information sustaining cortical desynchronization
and arousal is carried by trigeminal fibres', likely due to strong trigeminal connections to the
ascending reticular activating system (ARAS)!!. Among ARAS structures, the LC receives
trigeminal inputs!! and modulates arousal'?!3, and its activity covaries with pupil size'#18,
Although the relation between LC resting activity and cognitive performance is complex, task-
related enhancement of LC activity leads to arousal-associated®® pupil mydriasis?®® and
enhanced cognitive performance?!. There is reliable covariation between LC activity and pupil
size, and the latter is currently considered a proxy of central noradrenergic activity?2-26.

Asymmetric activation of sensorimotor trigeminal branches induces pupil asymmetries
(anisocoria)?” 28, confirming the strength of the trigemino-coerulear connection. If the LC
participates in the stimulating effects of chewing on cognitive performance, it may affect
parallel task-related mydriasis, which is an indicator of LC phasic activation during a task. It
may also affect performance, so a correlation can be expected between chewing-induced
changes in performance and mydriasis. Moreover, if trigeminal effects are specific, chewing
effects should be larger than those elicited by another rhythmic motor task. In order to test
these hypotheses, two experimental protocols are hereby presented. They are based on
combined measurements of cognitive performance and pupil size and performed before and
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after a short period of chewing activity. These protocols utilize a test consisting in finding
target numbers displayed in numeric attentive matrices?®, alongside with non-target
numbers. This test verifies attentive and cognitive performance.

The overall goal of these protocols is to illustrate that trigeminal stimulation elicits specific
changes in cognitive performance, which cannot be ascribed aspecifically to the generation
of motor commands and are related to pupil-linked changes in LC-mediated arousal.
Applications of the protocols extend to all behavioral conditions in which performance can be
measured and involvement of the LC is suspected.

PROTOCOL:

All steps follow the guidelines of the Ethical Committee of the University of Pisa.

1. Participant recruitment

1.1. Recruit a subject population according to the specific goal of the study (i.e., normal
subjects and/or patients, male and/or females, young people and/or elders).

2. Material preparation

2.1. Prepare a soft pellet; use commercially available chewing gum (Table of Materials; initial
hardness = 20 Shore 00).

2.2. Prepare a hard pellet; use silicon rubber pellets (Table of Materials; constant hardness =
60 Shore 00)3°,

2.3. Prepare an anti-stress ball for a handgrip task. Use a polyurethane foam-made ball (Table
of Materials; constant hardness = 30 Shore 00)3°.

2.4. Prepare a tangram puzzle (Table of Materials; number of pieces = seven) for performing
the haptic task.

3. Flowchart of the experiment
3.1. Flowchart of protocol 1:

3.1.1. Evaluate baseline performance (see section 4.1) in the cognitive (matrices) test (TO,
control).

3.1.2. Evaluate pupil size (see section 4.2) at rest (no activity requested from the subject) (TO,
control).

3.1.3. Evaluate pupil size during a haptic task based on tangram (TO, control).

3.1.3.1. Remove one of the pieces from the puzzle and place it in the subject’s hand.
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3.1.3.2. Ask the subject to put the piece back into the puzzle, without looking at the puzzle.

3.1.4. Ask each subject to perform three specific activities for 2 min or to rest for 2 min,
according to steps 3.1.4.1-3.1.4.4. Ask the subjects to perform these activities in separate
sessions occurring on different days (2-3 days between sessions).

3.1.4.1. Ask the subject to chew a self-administered soft pellet for 2 min, letting him/her
spontaneously choose both the rate of chewing and side of the mouth on which to chew.
After 1 min of chewing, ask him/her to change the chewing side (and the pellet).

3.1.4.2. Ask the subject to chew a self-administered hard pellet for 2 min. After 1 min, ask
him/her to change the chewing side (but not the pellet).

3.1.4.3. Ask the subject to perform a rhythmic squeezing of an anti-stress ball (handgrip
exercise) for 2 min at the rate and on the hand of their choosing. After 1 min, ask the subject
to switch hands.

3.1.4.4. Ask the subject to rest (no activity) for 2 min.

3.1.5. Just after the end of each step (3.1.4.1-3.1.4.4), evaluate performance in the matrices
test and pupil size at rest and during the haptic task (T7).

NOTE: The term “at rest” means that the subject during the pupil size measurement is
relaxing. The term “during haptic task” means that the subject during the pupil size
measurement is performing the task based on tangram.

3.1.6. Thirty minutes following the end of each step (3.1.4.1-3.1.4.4), evaluate performance
and pupil size at rest and during the haptic task (T37).

3.2. Flowchart of protocol 2:
3.2.1. Evaluate pupil size while the subject is resting (TO, control; see section 4.3).

3.2.2. Evaluate baseline performance in the cognitive (matrices) test while simultaneously
testing pupil size (TO, control).

3.2.3. Ask each subject to perform three specific activities for 2 min or to rest for 2 min,
according to steps 3.2.3.1-3.2.3.4. Ask the subjects to perform these activities in separate
sessions occurring on different days (2-3 days between sessions).

3.2.3.1. Ask the subject to chew a self-administered soft pellet for 2 min, letting him/her
spontaneously choose both the rate of chewing and side of the mouth on which to chew.
After 1 min of chewing, ask him/her to change the chewing side (and the pellet).

3.2.3.2. Ask the subject to chew a self-administered hard pellet for 2 min. After 1 min, ask
him/her to change the chewing side (but not the pellet).
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3.2.3.3. Ask the subject to perform a rhythmic squeezing of an anti-stress ball (handgrip
exercise) for 2 min at the rate and on the side of their choosing. After 1 min, ask the subject
to switch hands.

3.2.3.4. Ask the subject to relax (no activity) for 2 min.

3.2.4. Just after the end of each step (steps 3.2.3.1-3.2.3.4), evaluate pupil size at rest and
both performance and pupil size in the matrices test (T7).

3.2.5. Thirty minutes following the end of each step (steps 3.2.3.1-3.2.3.4), evaluate pupil size
at rest and both performance and pupil size in the matrices test (T37).

4. Measured variables in protocols 1 and 2
4.1. Cognitive performance

NOTE: In both protocols 1 and 2, measure cognitive performance using a test based on a
modified version of the Spinnler-Tognoni numeric matrices test?°.

4.1.1. Display three numerical matrices (10 x 10) printed on paper to the subject. Then, ask
the subject to sequentially scan the matrix lines, while ticking with a pencil as many of the
target numbers as possible (60 targets out of 300 total displayed numbers) indicated above
each matrix (Figure 1) within 15 s.

4.1.2. Utilize matrices with different positions of target numbers at TO, T7, and T37 to avoid
the introduction of confounders related to learning processes.

4.1.3. Evaluate offline the performance index (Pl), scanning rate (SR), and error rate (ER) as
follows: Pl = (target numbers underlined in 15 s)/15; SR = (target + non-target numbers
scanned in 15 s)/15; ER = (target numbers missed + non-target numbers underlined in 15
s)/15.

4.2. Pupil size in protocol 1

4.2.1. Prepare the subject for the pupil size measurement with a corneal topographer-
pupillographer (Table of Materials), which prevents vision of the environment, using one of
the following two acquisition procedures.

4.2.1.1. Record a single camera shot of the pupil (Figure 2A,B) with a constant illumination
level of 40 lux, pressing the specific button on the corneal topographer-pupillographer.
Maintain an optimal working distance of 56 mm between the camera and pupil.

NOTE: A single measurement is sufficient, due to the low level of variability of pupil size
measured at constant illumination.

4.2.1.2. Perform a continuous recording of the pupil (sampling rate = 5 Hz; Figure 2C,D) in the
continuous acquisition modality. Discard the first 20-50 measurements (4-10 s), since during
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this lapse of time, the pupil diameter is growing (the acquisition starts together with pupil
illumination at 40 lux). Average the remaining measurements.

4.2.2. Record pupil size of the left and right eyes separately at rest (steps 3.1.2, 3.1.5, and
3.1.6).

4.2.3. Record pupil size during the haptic task (steps 3.1.3, 3.1.5 and 3.1.6; left and right
separately). When using the single shot modality (step 4.2.1.1), acquire the photo during the
second of two task repetitions, at the beginning of puzzle surface exploration. In the
continuous mode of recording (step 4.2.1.2), start the acquisition when the piece of the puzzle
has been placed in the hand of the subject.

4.2.4. Evaluate offline left and right pupil size at rest and during the haptic task by direct
acquisition of the values (in mm) displayed by the software. Calculate the task-related
mydriasis by subtracting the pupil size at rest from pupil size during the haptic task, and obtain
all average left-right values.

4.3. Pupil size in protocol 2

4.3.1. Prepare the subject for the pupil size measurement using a wearable pupillometer/eye
tracker (Figure 3A), endowed with a 3D-printed glass frame structure, using the following
procedure.

4.3.1.1. Have the subject wear the wearable pupillometer. Adjust the position of the two
infrared cameras (Figure 3A-2,3) mounted on bars stemming from the frame (Table of
Materials), so that the eyes are within the field of view of the cameras and in focus.

4.3.1.2. Acquire images of the pupil (sampling rate = 120 Hz), which are processed online by
the software supplied with the wearable pupilometer and provides pupillary diameter (in
mm) using a geometrical model of the “average” human ocular. Disregard blink artifacts.

4.3.1.3. Record continuously the environmental illumination level using a calibrated
logarithmic light sensor mounted on the wearable pupillometer frame. Use a frontal RGB
camera mounted on the wearable pupillometer (Figure 3A-1) to record the subject field of
view (sampling rate = 30 Hz) useful to study gaze behaviour.

4.3.2. Record simultaneously the size of the two pupils at rest for 20 s (Figure 3B).

4.3.3. Record the size of the pupils while the subject performs the Spinnler-Tognoni test, so
to have pupil size and cognitive performance simultaneously recorded (steps 3.2.2, 3.2.4, and
3.2.5).

4.3.4. Evaluate offline left and right pupil size at rest and during the haptic task by averaging
acquired values (n = 2,400) for each pupil. Calculate the task-related mydriasis by subtracting

the pupil size at rest from the pupil size during the task, then all the average left-right values.

4.4. Gaze position
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NOTE: Reconstruct online the fixation point using the images of the two pupils obtained from
section 4.3. Process the acquired frames in real-time and estimate the gaze fixation point
using a previously calculated transfer function3! specific for each subject wearing the eye
tracker.

4.4.1. If necessary, when performing protocol 2, reconstruct gaze position from the pupil
images. To do this, add four computer detectable vision markers (ArUco or AprilTag libraries
of the instrument software) to four corners of the matrices sheet used in section 4.1.

4.4.2. Allow the calibration system (embedded in the eye tracker software as for the pupil
headset used) to acquire the data, and evaluate the parameters of the transfer function that
map the fixation point, starting from images of the two pupils. As an example, ask the subject
to gaze at a predefined sequence of points that are shown in his/her field of view (i.e., the
four corners of the matrices sheet and at the center of the sheet itself), which are recorded
simultaneously by the additional RGB camera mounted on the frame and facing the field of
view.

4.4.3. Record pupil size during the matrices test.

4.4.4. Calculate offline gaze position that appears as a mark on every frame of the subject’s
field of view. Use the four markers to track gaze position over the matrices across frames.

5. Statistical analysis

5.1. Analyze pupil size at rest and during the task, task-induced mydriasis, PI, SR, and ER under
four conditions (no activity, handgrip, soft pellet, hard pellet) for 3x (TO, T7, T37) using
repeated measures ANOVA and statistics software package.

5.2. Analyze changes in variables with respect to baseline values (T0) under four conditions,
(no activity, handgrip, soft pellet, hard pellet) for 2x (T7, T37) using repeated measures
ANOVA.

5.3. When running ANOVA, if the software indicates that the data distribution is not spherical,
take the p-value corresponding to the Greenhouse-Geisser € correction from the outputted
statistic table.

5.4. Correlate the changes in performance (PI, SR, ER) at T7 and T37 with those observed in
task-related mydriasis by linear regression analysis.

REPRESENTATIVE RESULTS:

Figure 4 shows a representative example of the results obtained when protocol 1 was applied
to a single subject (46 years old, female). Pl was increased soon after having chewed (T7) both
a hard (from 1.73 numb/s to 2.27 numb/s) and soft pellet (from 1.67 numb/s to 1.87 numb/s)
(Figure 4A). However, 30 min later (T37), the increased performance persisted only for the
hard pellet. On the other hand, both a lack of activity and the handgrip exercise had a negative
effect on performance, which dropped from 1.73 numb/s to 1.67 numb/s and from 1.6
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numb/s to 1.53 numb/s, with a tendency to recover recorded 30 min later, during the last
experimental evaluation.

As observed in Figure 4B, qualitatively similar changes were observed for the task-related
mydriasis. In this instance, measurements consisted of individual samples taken randomly
when the subject was resting. During the haptic task, two samples were recorded, but the
first was discarded. Alternatively, in the continuous acquisition mode of the instrument, 100
samples were recorded in 20 s, with the first 20-50 measurements disregarded, and the
remaining were then averaged following the removal of blink artefacts (Figure 3). Individual
samples closely reflect the average value, due to the fact that pupil size reaches a very stable
level 2-5 s following the start of eye illumination at a constant level (Figure 3). Data illustrated
in Figure 4 and Figure 5 have been replicated in a population of 30 subjects, and both the
chewing- and handgrip-induced changes were statistically confirmed. On the other hand,
when the subjects were not involved in any activity, there were no modifications in cognitive
performance and mydriasis3® both at T7 and T37.

Despite the fact that 1) performance and mydriasis were recorded in different tasks and 2)
the 12 experimental points illustrated in Figure 5A,B were recorded on 4 separate days, it is
remarkable that a strong correlation was observed between performance and task-related
mydriasis (r = 0.939, p < 0.0005, y = 1.166x - 0.417). As can be inferred from Figure 5A, this
relation was due to the modifications induced by chewing hard and soft pellets. Even more
surprisingly, a correlation was evident also when the corresponding changes with respect to
baseline values were considered (r = 0.924, p < 0.001, y = 1.210x + 0.101; Figure 5B).

Among the 30 subjects analyzed in the study of Tramonti Fantozzi et al.3°, PI and mydriasis
were significantly correlated in 26 of them, with slopes of the corresponding regression lines
ranging from 0.310-1.327 numb/s/mm. The corresponding changes were significantly
correlated in 22 subjects (range of slopes: 0.390-1.408).

Even stronger evidence of LC involvement in the stimulating effects of chewing on cognitive
performance can be obtained by correlating the chewing-induced changes in Pl with the
change in mydriasis observed only during the execution of the matrices test. This can be
achieved under the more natural conditions of protocol 2, in which subjects perform the
matrices test while pupil size is simultaneously recorded (Figure 6).

FIGURE LEGENDS:

Figure 1: Example of Spinnler-Tognoni numerical matrices. The test consists in identifying
the target numbers indicated above each matrix, which have been ticked by the subject.

Figure 2: Example of pupil size recordings from a single subject in protocol 1. (A) Recording
of pupil size at rest, single shot. (B) Recording of pupil size during haptic task, single shot. (C)
Continuous recording of pupil size at rest for 20 s. (D) Continuous recording of pupil size
during haptic task for 20 s. Arrows indicate blinking artefacts. In (C) and (D), data taken from
time 0 to time 4 s are discarded from the analysis.
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Figure 3: Example of pupil size recordings in protocol 2. (A) Photo of a subject wearing the
pupillometer. The numbers 1-3 indicates the position of the three cameras, which allow
behaviour (1) and pupil size (2—3) recordings. (B) Top trace: level of the environmental
lightening. Middle and bottom traces: left and right pupil size during performance of the
Spinnler-Tognoni matrices test.

Figure 4: Changes in performance and task-related mydriasis induced by different
sensorimotor activities in protocol 1. (A) Changes in PI. (B) Changes in task-related mydriasis.
In (A) and (B), dots, black squares, circles and white squares represent data relative to
chewing hard pellet, chewing soft pellet, handgrip, and no activity, respectively. Each activity
was performed for 2 min from time 5 min to time 7 min.

Figure 5: Relation between Pl and task-related mydriasis. (A) Pl values obtained at different
times during the different activities illustrated in Figure 4 are plotted as a function of the
corresponding values of task-related mydriasis. (B) Changes in Pl with respect to time zero
(evaluated as a difference) have been plotted as a function of the corresponding changes in
task-related mydriasis. In (A) and (B), dots, black squares, circles, and white squares represent
data relative to chewing hard pellet, chewing soft pellet, handgrip, and no activity,
respectively. Dashed lines are regression lines of all the data points.

Figure 6: Simultaneous recording of performance and task-related mydriasis. Single frame
view of a subject performing the attentive matrices test, taken from the camera mounted on
the pupilometer frame. The inset on the right upper corner shows the simultaneous images
of both pupils. The green circle represents the fixation point. The red spot and circles drown
on the pupil are the pupil centre and contour, as evaluated by the tracking system operating
on the eye’s videos.

DISCUSSION:

The protocols presented in this study address the acute effects of sensorimotor trigeminal
activity on cognitive performance and the role of the LC in this process. This topic has some
relevance, considering that 1) during aging, the deterioration of masticatory activity
correlates with cognitive decay3?734; people that preserve oral health are less prone to
neurodegenerative phenomena; 2) malocclusion and teeth extraction induces
neurodegenerative effects in animals at hippocampal and cortical level3>=3%; 3) the LC exerts
trophic action on the brain, regulates neurovascular coupling, and inhibits neuroinflammation
and accumulation of beta-amyloid''4%; 4) there is evidence that neurodegenerative diseases
can be triggered by neurodegenerative processes at the LC level'14°,

Protocol 1 allows the defining of specific effects of chewing with respect to a) learning
processes elicited by successive repetitions of the task and b) other kinds of ordinary motor
activity. Moreover, it establishes the presence/absence of a correlation between changes in
performance and mydriasis, with the latter considered an indicator of phasic LC activation
during task. This evidence strongly suggests involvement of the LC in the effects of
sensorimotor trigeminal activation. Such a protocol has been successfully applied by Tramonti
Fantozzi et al.3°. As seen in the results section, it may also be utilized to assess the degree of
dependence of performance on pupil changes linked to LC-mediated arousal at the level of
individual subjects. Gaining this measurement (performance/LC activation) represents a new
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and important neuropsychological variable that can be studied in relation to gender, age, drug
administration, and any behavioral condition.

The main limitation of protocol 1 is that pupil size measurements are performed at constant
lightening, impeding vision and precluding the assessment of mydriasis elicited during
matrices scanning. This obliges the recording of mydriasis during a different task. This
problem is resolved by performing protocol 2, in which a wearable pupillometer endowed
with a light sensor is introduced. In this way, it is possible to contextually record both cognitive
performance and mydriasis during the same task, providing even more compelling evidence
about the effects of sensorimotor activity on LC and performance. This also helps to address
studies aimed at relating LC activation to behavioral conditions. For a correct application of
protocol 2, care must be taken to keep a constant level of environmental lighting and
preliminary calibration of wearable instruments.

ACKNOWLEDGMENTS:

The research was supported by grants of the University of Pisa. We thank Mr. Paolo Orsini,
Mr. Francesco Montanari, and Mrs. Cristina Pucci for valuable technical assistance, as well as
the ILA.C.E.R. S.r.L.. company for supporting Dr. Maria Paola Tramonti Fantozzi with a
fellowship. Finally, we thank the OCM Projects company for preparing hard pellets and
performing hardness and spring constant measurements.

DISCLOSURES:
The authors have nothing to disclose.

REFERENCES:

1. Hirano, Y. et al. Effects of chewing on cognitive processing speed. Brain and Cognition. 81
(3),376-381, doi: 10.1016/j.bandc.2012.12.002 (2013).

2. Hirano, Y., Onozuka, M. [Chewing and cognitive function]. Brain and Nerve = Shinkei Kenkyu
No Shinpo. 66 (1), 25-32 (2014).

3. Allen, A. P., Smith, A. P. Effects of chewing gum and time-on-task on alertness and
attention. Nutritional Neuroscience. 15 (4), 176—185, doi: 10.1179/1476830512Y.0000000009
(2012).

4. Johnson, A. J. et al. The effect of chewing gum on physiological and self-rated measures of
alertness and daytime sleepiness. Physiology & Behavior. 105 (3), 815-820, doi:
10.1016/j.physbeh.2011.10.020 (2012).

5. Tucha, O., Mecklinger, L., Maier, K., Hammerl, M., Lange, K. W. Chewing gum differentially
affects aspects of attention in healthy subjects. Appetite. 42 (3), 327-329, doi:
10.1016/j.appet.2004.01.003 (2004).

6. Allen, K. L., Norman, R. G., Katz, R. V. The effect of chewing gum on learning as measured
by test performance. Nutrition Bulletin. 33 (2), 102-107, doi: 10.1111/j.1467-
3010.2008.00697.x (2008).

7. Smith, A. Effects of chewing gum on mood, learning, memory and performance of an
intelligence test. Nutritional Neuroscience. 12 (2), 81-88, doi: 10.1179/147683009X423247
(2009).

8. Sakamoto, K., Nakata, H., Kakigi, R. The effect of mastication on human cognitive
processing: a study using event-related potentials. Clinical Neurophysiology: Official Journal



468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512

of the International Federation of Clinical Neurophysiology. 120 (1), 41-50, doi:
10.1016/j.clinph.2008.10.001 (2009).

9. Hirano, Y. et al. Effects of chewing in working memory processing. Neuroscience Letters.
436 (2), 189-192, doi: 10.1016/j.neulet.2008.03.033 (2008).

10. Roger, A., Rossi, G. F., Zirondoli, A. Le role des afférences des nerfs craniens dans le
maintien de I'état vigile de la préparation “encéphale isolé.” Electroencephalography and
Clinical Neurophysiology. 8 (1), 1-13, doi: 10.1016/0013-4694(56)90027-X (1956).

11. De Cicco, V. et al. Trigeminal, Visceral and Vestibular Inputs May Improve Cognitive
Functions by Acting through the Locus Coeruleus and the Ascending Reticular Activating
System: A New Hypothesis. Frontiers in  Neuroanatomy. 11, 130, doi:
10.3389/fnana.2017.00130 (2017).

12. Samuels, E. R., Szabadi, E. Functional neuroanatomy of the noradrenergic locus coeruleus:
its roles in the regulation of arousal and autonomic function part I: principles of functional
organisation. Current Neuropharmacology. 6 (3), 235-253, doi:
10.2174/157015908785777229 (2008).

13. Carter, M. E. et al. Tuning arousal with optogenetic modulation of locus coeruleus
neurons. Nature Neuroscience. 13 (12), 1526-1533, doi: 10.1038/nn.2682 (2010).

14. Lapi, D. et al. Trigeminocardiac reflex by mandibular extension on rat pial microcirculation:
role of nitric oxide. PloS One. 9 (12), e115767, doi: 10.1371/journal.pone.0115767 (2014).
15. Rajkowski, J., Kubiak, P., Aston-Jones, G. Locus coeruleus activity in monkey: phasic and
tonic changes are associated with altered vigilance. Brain Research Bulletin. 35 (5—-6), 607—
616 (1994).

16. Alnaes, D. et al. Pupil size signals mental effort deployed during multiple object tracking
and predicts brain activity in the dorsal attention network and the locus coeruleus. Journal of
Vision. 14 (4), doi: 10.1167/14.4.1 (2014).

17. Murphy, P. R., O’Connell, R. G., O’Sullivan, M., Robertson, I. H., Balsters, J. H. Pupil
diameter covaries with BOLD activity in human locus coeruleus. Human Brain Mapping. 35
(8), 4140-4154, doi: 10.1002/hbm.22466 (2014).

18. Joshi, S., Li, Y., Kalwani, R. M., Gold, J. I. Relationships between Pupil Diameter and
Neuronal Activity in the Locus Coeruleus, Colliculi, and Cingulate Cortex. Neuron. 89 (1), 221—
234, doi: 10.1016/j.neuron.2015.11.028 (2016).

19. Bradshaw, J. Pupil size as a measure of arousal during information processing. Nature. 216
(5114), 515-516 (1967).

20. Gabay, S., Pertzov, Y., Henik, A. Orienting of attention, pupil size, and the norepinephrine
system. Attention, Perception & Psychophysics. 73 (1), 123—-129, doi: 10.3758/s13414-010-
0015-4 (2011).

21. Usher, M., Cohen, J. D., Servan-Schreiber, D., Rajkowski, J., Aston-Jones, G. The role of
locus coeruleus in the regulation of cognitive performance. Science (New York, N.Y.). 283
(5401), 549-554 (1999).

22. Laeng, B. et al. Invisible emotional expressions influence social judgments and pupillary
responses of both depressed and non-depressed individuals. Frontiers in Psychology. 4, doi:
10.3389/fpsyg.2013.00291 (2013).

23. Silvetti, M., Seurinck, R., van Bochove, M. E., Verguts, T. The influence of the noradrenergic
system on optimal control of neural plasticity. Frontiers in Behavioral Neuroscience. 7, 160,
doi: 10.3389/fnbeh.2013.00160 (2013).



513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558

24. Hoffing, R. C., Seitz, A. R. Pupillometry as a glimpse into the neurochemical basis of human
memory encoding. Journal of Cognitive Neuroscience. 27 (4), 765-774, doi:
10.1162/jocn_a_00749 (2015).

25. Kihara, K., Takeuchi, T., Yoshimoto, S., Kondo, H. M., Kawahara, J. |. Pupillometric evidence
for the locus coeruleus-noradrenaline system facilitating attentional processing of action-
triggered visual stimuli. Frontiers in Psychology. 6, 827, doi: 10.3389/fpsyg.2015.00827
(2015).

26. Hayes, T. R., Petrov, A. A. Pupil Diameter Tracks the Exploration-Exploitation Trade-off
during Analogical Reasoning and Explains Individual Differences in Fluid Intelligence. Journal
of Cognitive Neuroscience. 28 (2), 308-318, doi: 10.1162/jocn_a_00895 (2016).

27. De Cicco, V., Cataldo, E., Barresi, M., Parisi, V., Manzoni, D. Sensorimotor trigeminal
unbalance modulates pupil size. Archives Italiennes De Biologie. 152 (1), 1-12 (2014).

28. De Cicco, V., Barresi, M., Tramonti Fantozzi, M. P., Cataldo, E., Parisi, V., Manzoni, D. Oral
Implant-Prostheses: New Teeth for a Brighter Brain. PloS One. 11 (2), e0148715, doi:
10.1371/journal.pone.0148715 (2016).

29. Lapi, D. et al. Effects of Mandibular Extension on Pial Arteriolar Diameter Changes in
Glucocorticoid-Induced Hypertensive Rats. Frontiers in Physiology. 10, 3, doi:
10.3389/fphys.2019.00003 (2019).

30. Tramonti Fantozzi, M. P. et al. Short-Term Effects of Chewing on Task Performance and
Task-Induced Mydriasis: Trigeminal Influence on the Arousal Systems. Frontiers in
Neuroanatomy. 11, 68, doi: 10.3389/fnana.2017.00068 (2017).

31. Kassner, M., Patera, W., Bulling, A. Pupil: An Open Source Platform for Pervasive Eye
Tracking  and Mobile Gaze-based Interaction. arXiv:1405.0006  [cs]. at
<http://arxiv.org/abs/1405.0006> (2014).

32. Gatz, M. et al. Potentially modifiable risk factors for dementia in identical twins.
Alzheimer’s & Dementia: The Journal of the Alzheimer’s Association. 2 (2), 110-117, doi:
10.1016/j.jalz.2006.01.002 (2006).

33. Okamoto, N. et al. Relationship of tooth loss to mild memory impairment and cognitive
impairment: findings from the Fujiwara-kyo study. Behavioral and Brain Functions. 6, 77, doi:
10.1186/1744-9081-6-77 (2010).

34. Weijenberg, R. A. F., Lobbezoo, F., Knol, D. L., Tomassen, J., Scherder, E. J. A. Increased
masticatory activity and quality of life in elderly persons with dementia--a longitudinal
matched cluster randomized single-blind multicenter intervention study. BMC Neurology. 13,
26, doi: 10.1186/1471-2377-13-26 (2013).

35. Kato, T. et al. The effect of the loss of molar teeth on spatial memory and acetylcholine
release from the parietal cortex in aged rats. Behavioural Brain Research. 83 (1-2), 239-242
(1997).

36. Onozuka, M. et al. Impairment of spatial memory and changes in astroglial responsiveness
following loss of molar teeth in aged SAMP8 mice. Behavioural Brain Research. 108 (2), 145—
155 (2000).

37. Watanabe, K. et al. The molarless condition in aged SAMP8 mice attenuates hippocampal
Fos induction linked to water maze performance. Behavioural Brain Research. 128 (1), 19-25
(2002).

38. Kubo, K. -Y., Iwaku, F., Watanabe, K., Fujita, M., Onozuka, M. Molarless-induced changes
of spines in hippocampal region of SAMP8 mice. Brain Research. 1057 (1-2), 191-195, doi:
10.1016/j.brainres.2005.07.038 (2005).



559
560
561
562
563
564
565

39. Que, H. et al. Tooth loss induces memory impairment and neuronal cell loss in APP
transgenic mice. Behavioural Brain Research. 252, 318-325, doi: 10.1016/j.bbr.2013.06.015
(2013).

40. Mather, M., Harley, C. W. The Locus Coeruleus: Essential for Maintaining Cognitive
Function and the Aging Brain. Trends in Cognitive Sciences. 20 (3), 214-226, doi:
10.1016/j.tics.2016.01.001 (2016).



Figure

SR, -

1473582960
7214931684
5179682387
8369521407
2849736013
1659407856
S4/3258019
2658741324
3521856979
8753146203

1473562980
6473825901
7264931084
1659407028
2649758013
3126540879
7653814920
2658741304
5179628307
1367521485

Click here to access/download;Figure;fig 1.tif %

8174325906
7516423980
5174683897
1064735928
8134695207
2817436093
3124856970
0317439628
2164879305
0615437982


https://www.editorialmanager.com/jove/download.aspx?id=1080378&guid=32ee0db3-aebb-43db-8deb-9ab079c8d210&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1080378&guid=32ee0db3-aebb-43db-8deb-9ab079c8d210&scheme=1

Figure Click here to access/download;Figure;fig 2.tif =

Pupi | sie {mm)
il sz (rm)
B B ol e WA TR



https://www.editorialmanager.com/jove/download.aspx?id=1080379&guid=3d567f7b-fa04-41c8-b8e5-0f9cdfdb04df&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1080379&guid=3d567f7b-fa04-41c8-b8e5-0f9cdfdb04df&scheme=1

Figure Click here to access/download;Figure;Fig 3.tif 2

503
502
E 5.6 E
Z 54 b
= &
% 5.2 ';;
2 s £

Right pupil

o
o

-y
o

16

Time (s)


https://www.editorialmanager.com/jove/download.aspx?id=1080380&guid=aa6cafb7-196e-4c0d-a486-f6c748390b5a&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1080380&guid=aa6cafb7-196e-4c0d-a486-f6c748390b5a&scheme=1

Figure Click here to access/download;Figure;fig 4.tif =

>
o

® Chewing hard pellet
B Chewing soft pellet
2.8 2,4 Handgrip
No Activity
5 2,4 .
e E 2,1
. 2
c 20 5
é
5 £ 16
a 1,6
1.2 L ! T 1,2 T T

G-

0 10 20 30 40 10 20 30 40
Time (min) Time (min)


https://www.editorialmanager.com/jove/download.aspx?id=1080381&guid=4c11ce7d-1c03-4ba3-be11-3a92fa8a0006&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1080381&guid=4c11ce7d-1c03-4ba3-be11-3a92fa8a0006&scheme=1

Figure Click here to access/download;Figure;fig 5.tif =

-@- Chewing hard pellet
4 Chewing soft peliat

>
vy

H
2 4- 09- -~ Handarip
F ¢ 4} Mo Activity
- )
® J_.-"f E
5 22 ® 06
T v SR &
= ?’ @ .
@ Ernu - = P
: : °
(41 J_.-"!. E 013_ I‘__,..-"-'
E 1,81 o 7 .
% i R E ﬂ.-""
ﬁlf 0 ;[Ej U 00- L
164 WO o O _-d m
ol @ e
| r=0,939, P<0 0005 s T 1=0,924, P<0,001
1.4 ‘ _ ¥=1,166X.0417 03 1 1 ¥=1210X+0.101
1,6 1,8 2,0 2:2 2,4 -0,30 -0,15 000 0,25 0,30

Mydriasis (mm) Change in mydriasis (mm)


https://www.editorialmanager.com/jove/download.aspx?id=1080382&guid=be404a64-c9b1-4e90-a56a-e2e670da2688&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1080382&guid=be404a64-c9b1-4e90-a56a-e2e670da2688&scheme=1

Figure Click here to access/download;Figure;fig 6.tif

L
Wihy,
= LI i
hiy B L
L TR e .,
AT Ehbuniy)ge

.


https://www.editorialmanager.com/jove/download.aspx?id=1080383&guid=90c3df95-71c2-4e2b-a321-6faaf40c5fc8&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1080383&guid=90c3df95-71c2-4e2b-a321-6faaf40c5fc8&scheme=1

Table of Materials Click here to access/download;Table of Materials;Copia di Copia 2
di Copia di JoVE_Materials.xlsx

Name of Material/ Equipment Company
Anti-stress ball Artengo, Decathlon, France
Chewing gum Vigorsol, Perfetti, Italy
Infrared Camera-Wearable pupillometer Pupil Labs, Berlin, Germany
Pupillographer CSO, Florence, Italy
Silicon rubber Prochima, Italy
Software for pupil detection - wearable pupillometer Pupil Labs, Berlin, Germany
Tangram Puzzle Citta del Sole srl, Milano, Italy

Wearable pupillometer Pupil Labs, Berlin, Germany


https://www.editorialmanager.com/jove/download.aspx?id=1080386&guid=f0e41c88-e8e2-4e80-a2aa-35e4d995b211&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1080386&guid=f0e41c88-e8e2-4e80-a2aa-35e4d995b211&scheme=1

Catalog Number

TB600

Commercially available product
Pupil Labs headset

MOD i02, with chin support
gls50

Pupil Labs headset

Tangram Puzzle

Pupil labs model

Comments/Description

Dimension of the frame: 13.5 x 15.5cm



Author License Agreement (ALA)

Cliickr hwe?er;tgva(':cess/downIdéa;,&utﬁc; Llcer;gé‘;girvéen{ér’{ti o

(ALA);JOVE Agreement signed.pdf

ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: HM 10 ﬁ'SAI?SA
N TH N

TRATIONT! F/WTD%;
R

Author(s):

TRICEIUNAL CFFECT.( ON i@éw?"’”@)\/

P
Vs cm,wc 0urs Fﬂ@ﬁéuwue $180 200

ey \TEN
TALDY
N

ANFIT' bt Ciccp VP

g B Cleeod!
/ 7

ltem 1: The Author elects to have the
http://www.jove.com/publish) via:

andard Access

/
Materials be made available (as described at

DOpen Access

ftem 2: Please select one of the following items:
Eé Author is NOT a United States government employee.
|:|The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction” with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating ail or any portion
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of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JOVE, subject to Sections 4 and 7 below, the exclusive,
royaity-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b} to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and{c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, loVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

For questians, please contact us at submissions@jove.com or +1.617.945.9051.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use al! or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in 1tem 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed {including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in {a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. in such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behaif
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotionand -~
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JOoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulfations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
" accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.
12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmiess JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsibie for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shallinclude JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JOVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended untii payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonweaith of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.
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Rebuttal Letter Click here to access/download;Rebuttal Letter;reply to editorial =
comments.docx

Editorial comments:

1. Please note that the editor has made changes to some sections (renumbering/reorganization,
etc.) according to JoVE guidelines. Please review for accuracy and make changes if necessary.
Editorial changes have been controlled and corrected when appropriate

2. Please add more details to your protocol steps. There should be enough detail in each step to
supplement the actions seen in the video so that viewers can easily replicate the protocol. Please
ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add
references to published material specifying how to perform the protocol action. See some
comments marked in the attached manuscript.

We have added to the description of the steps all the information requested within the editor
comments

3. Please address specific comments marked in the attached manuscript.
Done

4. After you have made all the recommended changes to your protocol section, please highlight in
yellow up to 2.75 pages (no less than 1 page) of protocol text (including headers and spacing) to
be featured in the video. Bear in mind the goal of the protocol and highlight the critical steps to be
filmed. Our scriptwriters will derive the video script directly from the highlighted text.

Done. The flowchart of the experiments is represented by the highlighted steps from 2.1 to 3.2.5.
The further highlighted steps (4.1.1-4.3.4) are those reported in 2.1 - 3.2.5. Please note that the
experiment that has to be filmed is only that one referring to step 3.1.4.1 (chewing soft pellet).
For this reason, the step 3.1.5 has to be changed from:

“3.1.5. Just after the end of each step (3.1.4.1-3.1.4.4), evaluate performance in the matrices
test and pupil size at rest and during haptic task (T7). “

To:

“3.1.5. Just after the end of step 3.1.4.1, evaluate performance in the matrices test and pupil size
at rest and during haptic task (T7).”

5. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted
steps form a cohesive narrative with a logical flow from one highlighted step to the next. The
highlighted text must include at least one action that is written in the imperative voice per step.
Notes cannot usually be filmed and should be excluded from the highlighting.

Steps 2.1-2.3.5 form a continuous sequences. Steps 4.1.1-4.3.4 have to be inserted within
flowchart where indicated (see steps 3.1.1, 3.1.2, 3.2.1)

6. Please include all relevant details that are required to perform the step in the highlighting. For
example: If step 2.5 is highlighted for filming and the details of how to perform the step are given
in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be highlighted.
Done

7. Table of Materials: Please ensure that it has information on all relevant supplies, reagents,
equipment and software used, especially those mentioned in the Protocol. Please sort the
materials alphabetically by material name.

Done


https://www.editorialmanager.com/jove/download.aspx?id=1080387&guid=9eef74c9-29fe-4091-82f0-9002fafb2d6f&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1080387&guid=9eef74c9-29fe-4091-82f0-9002fafb2d6f&scheme=1

Comments in the text

Lines 41-46. Please shorten it to no more than 50 words (abstract)

Done. The abstract has been changed as it follows “To verify whether trigeminal effects on
cognitive performance involve the Locus Coeruleus activity, we propose two protocols aimed to
evaluate a possible correlation between the performance and the task-related pupil size changes
induced by chewing. These protocols may be applied to conditions where the Locus Coeruleus
contribution is suspected.”

Line 133. The editor added this. Is this correct? 3.1.1.
“Evaluate baseline performance (see section 4.1) in the cognitive (matrices) test (TO, control).”
OK

Line 136. The editor added this. Is this correct?

“3.1.2. Evaluate pupil size (see section 4.2) at rest (no activity requested to the subject) (TO,
control).”

OK

Lines 145-147. This is unclear. Is each step below considered a session? Do you mean that subject
comes on day 1 and perform activity 3.1.4.1, then on day 3 or 4 and perform activity 3.1.4.2, etc.?
Or does the subject perform different activities in different sessions that are completed in one
day?

“3.1.4. Ask each subject to perform three specific activities for 2 min or to have 2 min of rest,
according to steps 3.1.4.1-3.1.4.4. Go through these steps in separate sessions (2-3 days between
sessions).”

The same subject have to come in different days. The text changed to “3.1.4. Ask each subject to
perform three specific activities for 2 min or to have 2 min of rest, according to steps
3.1.4.1-3.1.4.4. Ask the subjects to perform these activities in separate sessions occurring in
different days (2-3 days between sessions).” See lines 143-145 of the revised version

In the same manner also the 3.2.3 point was changed in “Ask each subject to perform three specific
activities for 2 min or to have 2 min of rest, according to steps 3.2.3.1-3.2.3.4. Ask the subjects to
perform these activities in separate sessions occurring in different days (2-3 days between
sessions).” See lines 177-179 of the revised version.

Lines 222-275. The editor broke the paragraphs into steps and reorganized sections. Please review
for accuracy.

(4.2. Pupil size in protocol 1)

Changes to the text proposed by the editors have been performed, mainly for answering to the
specific editorial comments. They are indicated below.

-Lines 224-225 have been changed to:” 4.2.1. Prepare the subject for the pupil size measurement
with a corneal topographer-pupillographer (Table of Materials) (which prevents vision of the
environment) using one of the following two acquisition procedures.” See lines 222-224 of the
revised version.

-Line 227 has been changed to: “4.2.1.1. Perform single camera shot of the pupil (Figure 2A,B),
with constant illumination level (40 lux), pressing the specific button on the corneal



topographer-pupillographer. Keep the optimal working distance of 56 mm between the camera
and the pupil. See lines 226-228 of the revised version

-Lines 237-238 have been changed to: “4.2.2. Record pupil size at rest (steps 3.1.2,3.1.5 and 3.1.6),
left and right separately. “See line 238.

-Lines 240-241 have been changed to:”4.2.3. Record pupil size during the haptic task (steps 3.1.3,
3.1.5 and 3.1.6), left and right separately.” See lines 240-241 of the revised version.

Lines 248-249 have been changed to “by subtracting the pupil size at rest from the pupil size
during the haptic task and obtain all the average left-right values”. See lines 248-249 of the
revised version.

-Lines 253-254 have been changed to: “.3.1. Prepare the subject for the pupils size measurement
using a wearable pupillometer /eye tracker (Pupil Labs, see Figure 3A), endowed with a 3D
printed glass frame structure, using the following procedure. Let the subject wear the wearable
pupillometer. Adjust the position of the two infrared cameras (Figure 3A-2,3) mounted on bars
stemming from the frame (Table of Materials), so that the eyes are within the field of view of
the cameras and in focus.”See lines 253-258.

-Lines 256-259 have been changed to: “4.3.1.1. Acquire pupil’s images (sampling rate: 120 Hz),
which are processed online by the software supplied with the wearable pupilometer (Table of
Materials), which provides pupillary diameter in millimetres using a geometrical model of the
“average” human ocular and disregard blink artifacts.” See lines 260-263 of the revised version.
-Lines 261-263 have been modified to: “4.3.1.2. Record continuously the environmental
illumination level by using a calibrated logarithmic light sensor mounted on the wearable
pupillometer frame. Use frontal RGB camera mounted on the wearable pupillometer (Figure 3A-
1) to record the subject field of view (sampling rate: 30 Hz) useful to studying gaze behaviour.”
See lines 265-268 of the revised version.

-Line 267 has been changed to: “Record the size of the pupils while the subject performs the
Spinnler-Tognoni test, so to have” See lines 272-274 of the revised version.

-Lines 270-271 have been erased.

Line 227. What is the distance between the subject and the camera? Is this done by pressing a
button on the corneal topographer-pupillographer? Please include these details.
Details have been added to the text, at lines 226-228 of the revised version.

Line 248. The editor rephrased this sentence. Please review for accuracy.

Done. The phrase now sounds “Calculate the task-related mydriasis by subtracting the pupil size
at rest from the pupil size during the haptic task and obtain all the average left-right values”.
See lines 247-249.

Line 254. Is this custom made? Please specify the dimensions of the frame in the Table of
Materials.

No, the 3D printed structure is produced by Pupil Labs and has dimensions of about 13.5 x
15.5cm. These data have been added to the table of materials. The phrase has been changed to
“ Prepare the subject for the pupils size measurement using a wearable pupilometer/eye tracker
(Pupil Labs, see Figure 3A), endowed with a 3D printed glass frame structure, using the following
procedure”.See lines 253-255 of the revised version

Line 256. Please include product information in the Table of Materials. Are they part of the pupil
diameter?
Yes. Pupil Labs headset, Pupil Labs. Added in the table of materials



Line 256.Please specify the positions (positions 2 and 3 in Figure 3A?)
Yes, the editor is correct. The information has been added in the text

Line 257. Convert to what and how?

Pixels in mm. The phrase has been simplified as it follows: “Acquire pupil’s images (sampling rate:
120 Hz), which are processed online by the software supplied with the wearable pupilometer
(Table of Materials), which provides pupillary diameter in millimetres using a geometrical model
of the “average” human ocular and disregard blink artifacts. ” See lines 260-263 of the revised
version.

Line 259. What software? Please include it in the Table of Materials.
Software has been added to the table of materials.

Line 262. Which instrument? It is clear. Where is this camera located? It is unclear. Please consider
adding a step that describes the setup of all instrument/cameras. Please specify the position of this
camera? Position 1 in Figure 3A? Please also include camera information in the Table of Materails.
The instrument is the wearable pupilometer. The phrase has been clarified as it follows. “Record
continuously the environmental illumination level by using a calibrated logarithmic light sensor
mounted on the wearable pupillometer frame. Use frontal RGB camera mounted on the
wearable pupillometer (Figure 3A-1) to record the subject field of view................... “ See lines
265-268. Information about the camera has been added to the table of materials.

Lines 270-271. Does this apply to both protocol 1 and protocol 2? If so, add this as step 4.2.5 for
protocol 1. Please specify the position of this camera? Position 1 in Figure 3A? Please also include
camera information in the Table of Materials.

No, this does not apply to protocol 1. The camera is that mentioned in the answer to the
previous comment.

Line 279.-280. Can this be simplified to “obtained from section 4.3”?
Yes, the phrase has been changed accordingly. See lines 282-283.

Lines 280-282. Please describe how or provide a relevant reference. When does the subject wear
the eye tracker? It is not mentioned in previous steps.

The requested reference has been added. The eye tracker is the wearable pupilometer: this point
has been specified at line 253-254 of the revised version. Lines 279-282 have been changed to:
“NOTE: Reconstruct online the fixation point using the images of the two pupils obtained from
section 4.3. Process the acquired frames in real time and estimate the gaze fixation point by



using a previously calculated transfer function®! specific for each subject wearing the eye
tracker.” See lines 282-285 of the revised version.

Lines 285-286. Please include material information in the Table of Materials. Do you mean matrics
sheet used in section 4.1?

The requested information has been added to the Table of Materials. We clarified that the
matrix sheet was that one utilised in step 4.1. Lines 284-286 have been changed to: “4.4.1. If
necessary, when using protocol 2, reconstruct gaze position from pupil images. For this purpose,
add four computer detectable vision markers (ArUco or AprilTag libraries of the instrument
software) to the four corners of the matrices sheet already used instep 4.1.” See lines 287-289 of
the revised version.

Line 288. Can you provide an example? “4.4.2. Ask the subject to gaze at a predefined sequence of
points that are shown and tracked in his/her field of view. Simultaneously record the field of view
by the additional RGB camera mounted on the frame.”

We added a procedural example. Lines 288-293 have been changed to: “4.4.2. Let the calibration
system (embedded in the eye tracker software as for the Pupil headset used) acquire the data
and evaluate the parameters of the transfer function that maps the fixation point starting from
the images of the two pupils. As an example, ask the subject to gaze at a predefined sequence of
points that are shown in his/her field of view (the four corners of the matrices sheet and at the
centre of the sheet itself) and recorded simultaneously by the additional RGB camera mounted
on the frame and facing the subject field of view.” See lines 291-297 of the revised version.

Line 292. What calibration system? It is unclear.
This point has rephrased and merged with the preceding one. See lines 291-297 of the revised
version.






