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Chapter

Movement-Related Cortical 
Potential Associated with  
Jaw-Biting Movement in the 
Patients with Oral Cancer after  
the Surgery
Ichiro Nakajima, Mitsuyo Shinohara and Hiroiku Ohba

Abstract

Oral cancer is first treated with surgery for the patients. In most cases, it becomes 
difficult for these patients to perform smooth jaw movements postoperatively, causing 
masticatory dysfunctions, due to the mandible excision including muscles and periph-
eral nerves. However, it is still unknown whether the surgery affects the brain function 
for jaw movement in the patients. In this study, therefore, we investigated a signifi-
cance of the movement-related cortical potential (MRCP) for jaw movements in the 
patients after the cancer surgery, to clarify the motor preparation process in the brain, 
as compared with healthy subjects. Eight normal subjects and seven patients with oral 
cancers were enrolled in the study. Experiment 1: The normal subjects were instructed 
to perform jaw-biting movement and hand movement, respectively. The MRCPs 
appeared bilaterally over the scalp approximately 1 to 2 s before the onset of muscle 
discharge in both movements. Experiment 2: The MRCPs appeared preoperatively 
in the jaw biting movement in all patients. However, the amplitudes of the MRCP 
decreased significantly after than before the surgery (p < 0.05). Our data indicated the 
dysfunction of the motor preparation process for jaw movements in the patient after 
the surgery, suggesting impairment of feed-forward system in the maxillofacial area.

Keywords: oral cancer, mandibulectomy, movement-related cortical potential,  
jaw movement, feed-forward system

1. Introduction

According to the World Health Organization, there are an estimated 657,000 
new cases of oral cavity and pharyngeal cancers each year, and more than 330,000 
death [1]. In high-risk countries such as Sri Lanka, India, Pakistan and Bangladesh, 
oral cancer is the most common cancer in men, and may contribute up to 25% of all 
new cases of cancer [2].

Oral cancers can occur on the lip or in the oral cavity, nasopharynx, and phar-
ynx. It belongs to a larger group of cancers called head and neck cancers. Usually, 
oral cancer is first treated with surgery. In most cases, surgery is followed by radia-
tion therapy and chemotherapy [3–5].
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During the jaw bone excision in oral cancer surgery, we commonly find that 
the adjacent masticatory muscle, tendon tissue, and peripheral nerves are known 
to be included in the disease field. However, oral cancer patients who underwent 
resection surgery can suffer from eating and swallowing dysfunctions, owing to 
the masticatory muscle’s excision, even when bone grafts obtain a morphological 
recovery [6].

In the postoperative period, most patients complain of immobility at the onset 
of jaw movement.

We predict that one cause is a disorder associated with the preparatory stage of 
the onset of voluntary jaw movement in the patients, leading to difficulty masticat-
ing and swallowing.

Jaw motor dysfunctions may be related either to the mandibular bone and teeth’ 
defects or some brain functions’ modulation after surgery.

Movement-related cortical potential (MRCP) is a slow negative potential in an 
electroencephalographic recording that occurs about 2 s before voluntary body 
movement production in humans [7].

In general, MRCP consists of two main components: Bereitschaftspotential 
(BP) and negative slope. From extensive studies, the current model is that BP starts 
first in the SMA, including the pre-SMA, and then shortly after that in the lateral 
premotor cortices bilaterally [8, 9]. About 400 msec before the movement onset, 
NS’ starts in M1 and the premotor cortex mainly. MRCPs are also generated from 
the cerebellum as subcortical structures [10].

This potential is well known to reflect the cortical processes involved in move-
ment planning and movement preparation preceding voluntary limb and maxillofa-
cial movements [11–16].

In this study, we observed changes in MRCP waveform components associated 
with jaw-biting movements in oral cancer patients before and after surgical excision 
of their lesions. The purpose of this study was to investigate whether brain activi-
ties, as measured by MRCP recordings, are affected by the loss of neurological tissue 
in patients with oral cancer after the surgery.

In this chapter, thus, we discuss the clinical importance of application of MRCP 
recording in the field of maxillofacial surgery.

2. Material and methods

2.1 Research design

We performed two experiments in this study, described below.
Experiment 1: The MRCP waveforms for jaw movement were compared with 

those for hand movement in healthy subjects, which served as the control, to 
confirm MRCP components’ characteristics (BP and NS’) preceding onset of jaw 
muscle activities.

Experiment 2: The MRCP waveforms for jaw movement were compared 
between the preoperative and postoperative periods in the oral cancer patients to 
confirm MRCP components’ changing (BP and NS’) preceding onset of jaw muscle 
activities.

2.2 Informed consent

We obtained informed consent was obtained from all participants after explain-
ing the procedure in detail. The Ethical Committee approved the protocol of Nihon 
University School of Dentistry.
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2.3 Experiment 1

2.3.1 Subjects

Eight unaffected subjects, four males and four females were enrolled in this 
experiment. Each had a complete set of natural maxillary teeth, instead of man-
dibular teeth. The average age was between 25 and 32 years.

2.3.2 Motor tasks

2.3.2.1 Jaw-biting task

The subjects were instructed to bite softly on a 3-cm-thick plastic block between 
their upper and lower molars on their habitual side (left or right) at their own pace.

2.3.2.2 Wrist dorsiflexion task (control movement task)

The subjects were instructed to put their hands on the chair’s arms and dorsiflex 
their right wrist.

The above movement was carried out 50 times rapidly, and three trials were 
carried out with a break between them. The MRCP waveform data obtained from 
both groups for the above movement tasks were compared with those obtained for 
the right wrist dorsiflexion movement task as the control task.

The subjects sat in an armchair with the FH plane nearly parallel to the floor in 
a relaxed manner. They were instructed not to move their jaw and tongue before 
doing each movement.

The subjects performed the movements 30–50 times rapidly and carried out 
the following two tasks with a break between them. The subjects were instructed 
to gaze at a mark positioned 1.5 m ahead at eye level lightly. The subjects were 
instructed not to blink for 6 s before beginning the specified movement and to 
relax, and then to perform the following movement tasks.

2.3.3 Recording conditions

2.3.3.1 Electroencephalographic (EEG) recording

For electroencephalographic recording, Ag/AgCl electrodes were set at three 
sites, C3, Cz, and C4, stipulated under the international 10–20 system (Figure 1). 
The right and left earlobes (A1 and A2) were selected as the reference electrodes. 

Figure 1. 
Electroencephalographic recoding areas.
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Electroencephalography was performed using a monopolar lead with a time 
constant of 5.0 s, a 100 Hz high-frequency filter, and electric resistance of 5 kΩ 
or less.

2.3.3.2 Electrooculograms (EOG) recording

Electrooculograms were recoded from electrodes above and below the right eye, 
to enable us to monitor for eye movement and blink artifacts.

2.3.3.3 Electromyogram (EMG) recording

Surface electromyograms that served as a trigger for brain wave averaging were 
recorded from agonists shown below:

Jaw-biting task: Superficial part of the right masseter muscle.
Wrist movement task: Short radial extensor muscle of the right wrist (control 

movement task).
Surface electromyograms were recorded from each muscle group using a bipolar 

lead. The ocular movement was recorded during all the movement tasks, and 
electroencephalographic data contaminated with ocular movement artifacts were 
excluded from the analysis.

2.3.4 Data analysis conditions

Signals obtained from electroencephalography, ocular movement, and muscle 
activity were amplified with an evoked potential measuring system (Neuropak-
MEB-2200, Nihon Kohden Corporation). Electroencephalographic data without 
artifacts taken 50 times with the point of muscle discharge of the suprahyoid 
muscle group exceeding 2 μV chosen as the threshold for the trigger were averaged.

2.4 Experiment 2

2.4.1 Patients

Seven oral cancer patients in whom the large area of the mandibular bone was 
excised during tumor resection were enrolled in this study (Table 1).

The patients ranged in age from 17 to 70 at the time of surgery. Additionally, 
they had upper and lower molars on the non-operative side (unaffected side). Their 
operation procedures were either segmental mandibulectomy or hemi-mandibulec-
tomy (Figure 2).

2.4.2 Motor task

The patients were instructed to carry out the jaw-biting task on the unaffected 
side. They were instructed to bite softly on a 3-cm-thick plastic block between the 
upper and lower molars on the unaffected side at their own pace before undergoing 
tumor resection. The patients carried out the same specified movement postop-
eratively. One of the patients was instructed to perform the right wrist dorsiflexion 
movement postoperatively.

2.4.3 Recording conditions

Experiment 2 was carried out according to the recording conditions of 
Experiment 1. Electroencephalography was done on five patients, according to the 
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international 10–20 method, by placing sensors over the vertex (CZ). For elec-
tromyography, recordings were made using bipolar leads placed over the left and 
right masseter muscles. Simultaneously, electrooculography was done to monitor a 
mixture of eye-blinking potential with theelectroencephalogram.

Case Age Diagnosis Surgical procedure Recorded 

month of 

MRCP before 

surgery

Recorded 

month of 

MRCP after 

operation

1 36Y Fibrosarcoma Left 

hemi-mandiblectomy

1 month within 12 month

2 60Y Squamous cell 

carcinoma

Right segmental 

mandiblectomy

3 63Y Squamous cell 

carcinoma

Right segmental 

mandiblectomy

4 70Y Squamous cell 

carcinoma

Left segmental 

mandiblectomy

5 17Y Ameloblastoma Left segmental 

mandiblectomy

6 18Y Ameloblastoma Left segmental 

mandiblectomy

7 70Y Ameloblastoma Left segmental 

mandiblectomy

Table 1. 
The list of patients participated in the research.

Figure 2. 
Surgical areas of mandibulectomy in the patients. (A) Segmental mandibulectomy is a surgical procedure in 
which the mandible is partially resected continuously from the alveolus to the inferior border of the man dible, 
resulting in the disruption of its continuity. (B) Hemi-mandibulectomy is a surgical procedure involving 
resection of the hemi-mandible including its condyle. Between 1 to 3 years after the surgery, the mandibular 
bone was reconstructed with bone grafts from the ilium in these patients. The patients who participated in this 
study also complained of difficulty in jaw movement and mastication after surgery.
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2.4.4 Measurement parameters

The measurement parameters for each movement task were maximum ampli-
tude and duration determined by setting the baseline and rise time of MRCP under 
the following conditions (Figure 3). The average potential of a segment between 4 
and 3 s before the start of muscle discharge was calculated to set the baseline.

2.4.5 MRCP duration, maximum MRCP amplitude

2.4.5.1 Maximum MRCP amplitude

The difference in potential between peak MRCP amplitude before muscle dis-
charge initiation and the baseline (NS’ amplitude) was determined as the maximum 
MRCP amplitude.

2.4.5.2 MRCP duration

The difference in time between the starting point of the rise in MRCP from the 
baseline and muscle discharge initiation was determined as the MRCP duration.

2.5 Statistical analysis

Differences of the amplitudes in the two different motor tasks were analyzed 
with a two-factor (recording site - task), repeated-measures analysis of variance 
(ANOVA). Statistical significance was considered when P < 0.05. A paired t-test was 
also used to compare the measured values (amplitude/duration) of two groups.

3. Results

3.1 Experiment 1

3.1.1 MRCP waveform components in tasks

MRCP waveforms obtained in jaw-biting and wrist motor tasks were shown in 
Fi.4A and Figure 4B, respectively. Negative slow potential appeared bilaterally 

Figure 3. 
MRCP components. Bereitschaftspotential (BP): BP is a gradually increasing, bilaterally widespread surface 
negativity with the maximum over the midline vertex region regardless of the site of movement onset. Negative 
slope (NS’): NS’ is a much steeper slope starting about 400 ms before the movement onset, and is characterized 
by a more localized negativity over the central and vertex regions contralateral to the movement. Trigger point 
indicates the onet of EMG for EEG averaging.
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from electrodes at five sites on the scalp 1 or 2 s before muscle discharge initiation in 
each task. Each slow negative potential was divided into the BP component, which 
was of long duration centering on Cz, and the rapid NS’ component appearing 
approximately 500 msec before muscle discharge initiation.

3.1.2 Maximum peak amplitudes (NS’ amplitude) in each task

3.1.2.1 Mean peak amplitudes of MRCPs

Maximum amplitudes in the wrist dorsiflexion movement task were 
8.18 ± 2.46 μV, 10.48 ± 3.84 μV, 7.64 ± 2.41 μV, at C3, Cz, and C4, respectively 
(Figure 4C). On the other hand, the MRCP amplitudes in the jaw-biting task were 
12.80 ± 5.22 μV, 15.09 ± 5.98 μV, 12.91 ± 4.32 μV at C3, Cz, and C4, respectively 
(Figure 4D).

In a two-way analysis of variance with each task and each recording site as two 
factors, a significant difference in MRCP amplitude was observed when the task was 
considered as the main effect [F (1,42) = 11.8, p < 0.01]. No significant difference 
was also observed between the recording sites [F (2,42) = 1.78, p > 0.05]. No inter-
action was observed [F (2,42) = 0.07, p > 0.05]. These results indicate that MRCP 
amplitude varied with the task. The MRCP amplitude was significantly higher in the 
jaw-biting task than in the wrist dorsiflexion movement task (p < 0.01). The MRCP 
recorded at Cz tended to be a large amplitude in both tasks, and was clear to distin-
guish two main components (BP and NS’).

3.1.3 MRCP duration in tasks

The MRCP durations were 1,704.37 ± 743.03 ms in the wrist dorsiflexion 
movement task, 2,180.00 ± 196.81 ms in the jaw-biting task. No significant 
difference was observed in MRCP duration between the movement tasks (paired 
test, p > 0.05).

Figure 4. 
Comparison of cortical potentials in jaw biting and wrist extension tasks in healthy subjects. (A) The grand 
averaged MRCPs for wrist extension task over all eight subjects. (B) The grand averaged MRCPs for jaw-
biting task over all eight subjects. Both wave forms were obtained from vertex (Cz). The BP component and 
NS component can be confirmed in each waveform.“Onset” indicates onset of muscle discharge. Panel (C) 
and (D) indicate mean peak amplitudes values of the MRCPs for wrist extension and for jaw-biting tasks, 
respectively.
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Figure 6. 
Comparison of mean peak amplitude values before and after surgery. Paired t test: * indicates significant 
difference at p < 0.05.

3.2 Experiment 2

3.2.1 Changes in MRCP waveform components in oral cancer patients

Regarding MRCP waveforms associated with the preoperative jaw-biting, 
negative potential appeared bilaterally 1.5 s before muscle discharge initiation. The 
precipitous negative potential appeared 500 msec before muscle discharge initiation 
in all five patients. Preoperative negative potential waveforms consisted of BP and 
NS’ components.

However, BP and NS’ appearance became unclear in four of all seven patients 
after the surgery. In only one case, BP and NS’ components were observed at both 
pre and postoperative periods.

Figure 5 shows a typical case with reduced waveform components. In this case, 
the BP component was confirmed 1.5 seconds before the onset of masseter muscle 
discharge, as in healthy adults, before the surgery (Figure 5A).

However, after surgery, the amplitudes of MRCPs were decreased so much that 
the BP component could not be confirmed (Figure 5B). The NS’ component was 
barely confirmed in the waveforms. In addition, the BP and NS components could 
be observed in the MRCP waveforms when this patient was requested to perform 
wrist movement during the postoperative period (Figure 5C).

The MRCP amplitudes in the jaw-biting task at pre-and postoperative periods 
were 6.80 ± 1.442 μV and 4.02 ± 2.33 μV, respectively (Figure 6). The amplitudes 

Figure 5. 
A typical change in pre and postoperative MRCP waveforms in same patient. (A) Comparison between 
the MRCPs for jaw-biting in a patient at preoperative and postoperative periods. (B) The MRCPs for wrist 
extension in same patient at postoperative period.
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of the MRCP decreased significantly in the patients after than before the surgery 
(p < 0.05). Thus, it was clear that the cerebral potentials associated with jaw move-
ment were affected in the patient after surgery.

4. Discussion

4.1 Experiment 1

Recently, the epidemiological data suggest a positive correlation between masti-
catory functions and cognitive functions in the elderly people [17, 18]. Thus, we feel 
it is essential to study the relationship between masticatory muscle movement and 
brain function in humans from many points of view.

That local cerebral function is related to various movements’ execution has been 
documented recently using cerebral function imaging methods such as fMRI and 
positron-emission tomography [19–21]. These techniques have excellent spatial 
resolution and various applications, such as function localization in the cerebral 
cortex. These techniques can be used in jaw movement studies.

Because these methods’ temporal resolutions, which are on the order of tens to 
hundred milliseconds, are low, it is impossible to record brain activity on a time 
series plot: before, at the start of, and during a movement. The methods provide 
information on brain activity during a movement but cannot clarify brain activity 
during a movement’s preparation.

On the other hand, an MRCP is recorded from the scalp before voluntary move-
ments. Hence, an index reflecting changes in brain potential, but MRCP reflects the 
supplementary motor area and sensorimotor cortex’s activities appear before the 
start of voluntary movements. Its temporal resolution is on the order of 1/1000 sec-
onds, allowing very high-resolution examination and enabling continuous monitor-
ing of central nerve activity accompanying the movement.

Shibasaki (1980) divided MRCP recorded from the scalp into two components: 
the BP and the NS’ components [8]. The BP component initiates approximately 
1,000 to 2,000 ms before starting a movement with a mild gradient showing 
maximum amplitude. In contrast, the NS’ component initiates at approximately 
500 ms after the start of a movement with a steep gradient showing maximum 
amplitude on the side contralateral to the movement side. The NS’ measurement is 
used  clinically to diagnose movement disorder of central origin.

Therefore, we conducted this study by focusing on changes in the BP and NS’ 
components of MRCP waveforms associated with jaw movements.

In this study, the BP component appeared bilaterally from the scalp 1 to 1.5 s 
ahead of muscle discharge initiation in the jaw-biting task, similarly to the wrist 
dorsiflexion movement task. However, the NS’ amplitude tended to be higher in 
the jaw-biting task than in the wrist dorsiflexion movement task. Our data dem-
onstrated the difference between jaw and limb movements in the peak amplitudes 
of MRCPs.

MRCP amplitude has been shown to have a more significant increase, par-
ticularly in the movement task coordinating the bilateral upper limbs than in the 
unilateral upper-limb movement task [21, 22]. This phenomenon is considered 
attributable to increased activity in the supplementary motor area. The difference 
in MRCP amplitude between the jaw movement and wrist movement tasks was 
considered to indicate the brain’s more extensive activation in the jaw movement’s 
preparatory process involving the bilateral muscles’ coordination than for the 
unilateral wrist dorsiflexion movement.

Our results indicate that BP and NS’ components can be considered a use-
ful index for the jaw-biting movement’s motor preparation, similar to limb 
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movements. In later experiments, we will investigate the relationship between 
these components and the brain’s active sites for jaw-biting movement in patients 
with oral cancer.

4.2 Experiment 2

In Experiment 1, our data indicated that BP and NS’ were a useful index of 
MRCPs, suggesting the more complicated preparatory process for the jaw move-
ment than for the limb movement. In Experiment 2, the influence of excision of the 
unilateral masticatory muscle in oral tumor resection on the BP and NS’ compo-
nents of the MRCPs for the jaw-biting was examined in the patients.

Chewing aims to crush, triturate, and mix food with saliva so that that food can 
be transported by deglutition down the digestive canal [23]. The masticatory muscle 
is an agonist of an actual jaw movement and a sensory organ involved in sensing the 
mandible position through stretch receptors [24].

Therefore, in this experiment, we predicted that a loss of oral sensory 
receptors such as muscle spindles due to oral cancer removal might affect brain 
function.

In this study, MRCP consisting of the BP and NS’ components appeared initial 
onset of master muscle activities in all five patients at the preoperative period.

However, these MRCPs decreased in four of five subjects during the postopera-
tive period in the patients. In particular, our results indicated the BP components 
more remarkably decreased.

The cerebellum receives signals from receptors on various parts of the body and 
the cerebrum [25, 26].

The cerebellum transmits movement-controlling signals based on the above 
signals to the medulla’s vestibular nuclei oblongata and cerebellar nuclei. 
Various sensory input types are distributed fragmentarily in intracortical 
adjacent areas, and Purkinje cells, the only projection neurons, potentially 
integrate various sensory information at a single-cell level. It is considered that 
the plasticity of parallel fiber synapses determined by the interaction of two 
types of excitatory input received by Purkinje cells, climbing fiber inputs and 
parallel fiber inputs, plays an important role in sensory information processing 
and motor learning.

It is well known that the cerebellum drives MRCP generation. Ikeda et al. [27] 
have determined the cortical source of MRCPs by directly recording cortical poten-
tials through chronically implanted subdural electrodes in patients with epilepsy as 
part of the presurgical evaluation [10]. Sasaki et al. [28] reported that in monkeys 
trained to perform spontaneous hand movements, MRCPs recorded before the 
movement’s initiation disappear following cerebellum resection [28]. Ikeda et al. 
[27] reported that in cerebellar infarction patients performing an upper-limb move-
ment task, no MRCP was recorded [27].

Naito et al. demonstrated that sensorimotor inputs from muscle spindles and 
tendon receptors through afferent nerves in humans are transmitted to the primary 
sensorimotor cortices, supplementary motor area (SMA) and cingulate motor area 
(CMA), by using emission tomography (PET) [29].

In this study, therefore, our data may suggest that the marked postopera-
tive reduction in MRCP amplitude in the oral cancer patients was attributable to 
decreased activities of the cerebellum before the initiation of voluntary movements, 
leading to dysfunction of the feed-forward system of jaw movements.

As a further study, we will investigate the effect of postoperative rehabilitation 
for cancer patients using not only MRCP but f MRI analysis, in order to establish the 
effective dysphagia treatment.



11

Movement-Related Cortical Potential Associated with Jaw-Biting Movement in the Patients…
DOI: http://dx.doi.org/10.5772/intechopen.96149

Author details

Ichiro Nakajima1*, Mitsuyo Shinohara2 and Hiroiku Ohba3

1 Department of Community Dentistry, Nihon University School of Dentistry, 
Tokyo, Japan

2 Department of Oral and Maxillofacial Surgery, Faculty of Medicine,  
Juntendo University, Tokyo, Japan

3 Department of Dental and Oral Surgery, Tokyo Saiseikai Central Hospital, Tokyo, 
Japan

*Address all correspondence to: nakajima.ichirou@nihon-u.ac.jp

5. Conclusion

The above findings support our hypothesis that the removal procedure of the 
oral cancer including masticatory muscles (muscle spindle, tendon receptor) may 
affect this information processing of brain for smooth jaw movement. We con-
cluded that it is necessary to diagnose brain functions for the oral cancer patients 
before and after the surgery for postoperative rehabilitation of a jaw motor disorder.
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