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Clinical application of MEG for the evaluation of sensory disturbances
of the lip and tongue in patients with mandibular nerve injury

Hitoshi Maezawa

ABSTRACT : This paper reviews the clinical applications of MEG in patients with sensory disturbances of the lip and 
tongue due to unilateral injury of the mandibular nerve. Multiple non-invasive approaches are available for the evaluation 
of human brain function. Some of these approaches are electroencephalography (EEG), magnetoencephalography 
(MEG), functional magnetic resonance imaging (fMRI), and positron emission tomography (PET). MEG is particularly 
advantageous due to its high spatiotemporal resolution. Mandibular nerve injury during orofacial surgery may result 
in sensory deficits of the lower lip and tongue, which often lead to speech disorders, eating difficulties, and significant 
reductions in patients quality of life. Conventional methods for evaluating abnormalities in lip and tongue sensation in 
clinical settings include the von Frey and two-point discrimination tests. However, the reproducibility and reliability of 
such tests remains low due to the subjective nature of the information provided by the patient. In this paper we propose 
that MEG can be used to effectively and objectively detect sensory abnormalities of the lower lip and tongue. 

Key Words :	magnetoencephalography, lingual nerve, inferior alveolar nerve, somatosensory evoked fields, trigeminal 
nerve

Introduction

　Currently, multiple non-invasive modalities are available 
for the mapping of human brain function, including 
electroencephalography (EEG), magnetoencephalography 
(MEG), functional magnetic resonance imaging (fMRI), 
positron emission tomography (PET), single-photon 
emission computed tomography (SPECT), and near-
infrared spectroscopy (NIRS). EEG and MEG can 
be used to estimate neural activity based on scalp 
potentials or magnetic fields (primary effects), while 
fMRI, PET, SPECT, and NIRS can be used to detect 
hemodynamic and metabolic changes associated with 
neural activity (secondary effects)1). EEG and MEG are 
advantageous due to their remarkably high temporal 
resolution below the level of one millisecond. However, 
MEG is superior to EEG in terms of spatial resolution, 
which is limited in the latter due to the low current 

conductivity of the skull. MEG is now widely utilized 
for the non-invasive investigation of human brain 
functions, such as sensorimotor and cognitive functions2, 

3). In clinical settings, MEG is most frequently used 
to assess pathological neural activity in patients with 
epilepsy4). In addition, previous studies have reported 
that MEG can be used to effectively assess the degree of 
somatosensory processing dysfunction in patients with 
cerebrovascular diseases5, 6), cortical reflex myoclonus7-9), 
and polymicrogyria10) via the analysis of somatosensory 
evoked fields (SEFs) fol lowing peripheral nerve 
stimulation in the limbs. Some studies have also reported 
that SEFs associated with oral stimulation can be used to 
evaluate sensory abnormalities in orofacial regions such 
as the lip11) and tongue12, 13) associated with damage to 
the mandibular nerve.
　The mandibular nerve is the largest of the three 
branches of the trigeminal nerve. Somatosensory 
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sensation of the lower lip and anterior portion of the 
tongue are associated with specific branches of the 
mandibular nerve : the inferior alveolar nerve (IAN) and 
lingual nerve (LN), respectively. Sensory disturbances 
of the lower lip and tongue may be caused by injury to 
the mandibular nerve during orofacial surgeries such 
as third molar extraction, dental implantation, root 
canal procedures, mandibular cyst removal, and local 
anesthetic injection. Previous reports have documented 
that the incidence of IAN injury ranges from 2 to 17% 
during third molar extraction14-18), while that of LN injury 
ranges from 0.06 to 10%19). Although sensory deficits of 
the lip and tongue due to mandibular nerve injury are 
comparatively rare, such deficits may result in speech 
disorders and eating difficulties, significantly reducing 
the patient’s quality of life. However, clinicians often use 
subjective assessment methods, such as the von Frey 
test and two-point discrimination test, when evaluating 
sensory disturbances of the lip and tongue. Because they 
depend on the patient’s subjective interpretation of sensory 
information, these commonly used tests exhibit low 
reproducibility and reliability. Thus, objective assessment 
methods are required for proper evaluation in clinical 
settings. Previously, my research group reported that 
sensory abnormalities of the lip11) and tongue12, 13) can be 
effectively and objectively evaluated using a whole-head 
MEG system (Fig. 1a). In the present report, I review 
the clinical applications of MEG in patients with sensory 
disturbances of the lip and tongue caused by damage to 
the mandibular nerve.

1.	 Somatosensory evoked fields associated with 
stimulation of the lip and tongue

　SEFs are small magnetic fields evoked by repetitive 
external stimulation. The evoked fields occur at the same 
latency to the timing of stimulation. Thus, when averaging 
to the time-locked onset of stimulation, background 
magnetic activity can be averaged to zero, and the small 
evoked fields that occur in conjunction with stimulus 
onset can differentiated from background activity. The 
latency, amplitude, and polarity of SEF peaks have been 
used to identify the primary somatosensory cortex 
(S1) of the target peripheral regions. Nakamura et al .20) 
reproduced the functional somatosensory homunculus 
for multiple regions of the human body (such as the 
fingers, arm, trunk, leg, foot, tongue, and lips) using SEFs 
associated with tactile stimulation. Subsequent studies 

further demonstrated the somatotopic organization of 
the orofacial region using SEFs for the lips, tongue, and 
gingiva associated with both electrical21) and mechanical22) 
stimulation.
　When recording SEFs following stimulation of the 
orofacial regions, artifacts associated with stimulation 
and/or muscle activity represent a major concern, due 
to the short distance between the areas of stimulation 
(orofacial region) and recording (head)23). As the early 
portion of the SEF (i.e ., the period immediately following 
electrical stimulation) is easily contaminated by such 
artifacts, it is sometimes difficult to differentiate cortical 
responses from stimulus-induced artifacts. To resolve 
this issue, Maezawa et al .11, 24) recorded SEFs following 
low-intensity electrical stimulation of the lip and tongue 
stimulation using pin electrodes (0.4 mm in diameter) 
(Fig. 1b), successfully reducing the influence of stimulus-
induced artifacts. The magnitude of SEFs quickly 
returned to baseline levels before the first component 
was observed, approximately 25 ms (P25m) following 
lip11) and tongue24) stimulation, indicating that the use of 
pin electrodes allows for easy and reliable detection of 
early SEF components following orofacial stimulation. In 
addition, the use of pin electrodes possesses the following 
two advantages. First, pin electrodes allow for safe, low-
intensity electrical stimulation of the orofacial regions, 
reducing the risk of damage associated with electric 
shocks. Second, the use of pin electrodes allows for 

Fig. 1	 Measurement of somatosensory evoked fields 
(SEFs) following lip and tongue stimulation using pin 
electrodes.

a : Measurement of SEFs using a whole-head magnetoencephalography 
system. b : A pair of pin electrodes used for electrical stimulation. 
The interelectrode distance was 3 mm. Images modified with 
permission from Maezawa et al 24).
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precise stimulation of a small area, which is often difficult 
using ball electrodes or tactile stimulation devices with 
larger contact areas. This capacity for the stimulation 
of relatively small areas is particularly advantageous for 
patients with highly localized damage to orofacial regions. 
　When it remains difficult to distinguish early SEF 
components from artifacts related to electromyography 
(EMG) activity induced by electrical stimulation 
using other types of electrodes (e.g ., ball electrodes), 
simultaneous EMG recordings from other orofacial 
muscles may be useful25). In addition, mechanical 
stimulation in the form of compressed nitrogen26) or via a 
piezo-driven tactile stimulation device22) can also be used 
to avoid the influence of electrical artifacts.

2.	 Clinical applications of SEFs associated with 
lip and tongue stimulation

2.-1　Sensory disturbances of the lip
　In our previous study, we objectively evaluated 
sensory disturbances of the lower lip in patients with 
unilateral IAN injury, based on SEFs associated with 
electrical stimulation of the lip using pin electrodes11). 
The first component of lip SEFs was stably detected at 
approximately 25 ms (P25m) (Fig. 2), and at least one of 
the following three components (P45m, P60m, or P80m) 
was observed over the contralateral hemisphere for either 
side of the lip in all 10 healthy volunteers. In contrast, 
the P25m component was absent following stimulation 
of the affected side in all six patients with unilateral 
sensory disturbances of the lip (Fig. 2), although traceable 
responses were observed in five of the six patients. 
The stable detection of a P25m component in healthy 
volunteers indicates that unilateral sensory disturbance 
can only be assessed via stimulation of the affected side. 
Since this method does not require a control side, it may 
also be useful in patients who have undergone bilateral 
oral surgery involving the region innervated by the IAN 
(e.g ., sagittal split ramus osteotomy).
　In addition, an understanding of IAN anatomy is 
necessary when recording SEFs associated with lip 
stimulation. When stimulation is applied near the 
midline of the lip electrical stimulation may activate the 
IAN branch of the non-target side, as this branch may 
cross over the midline to the target side. Indeed, we 
observed the P25m component following stimulation of 
the unaffected side in two of six patients in our previous 
study, while it was observed as a notch or shoulder 

embedded in the following components in the remaining 
four patients. This different waveform configuration of 
the P25m component in healthy volunteers may have 
been associated with the area in which stimulation was 
applied to the lip: When stimulation was applied 2 cm 
lateral to the midline of the lip, patients were asked to 
self-report whether electrical stimulation had occurred 
only on the target side. Nevertheless, since the midline 
region of the lip is innervated by the bilateral branches 
of the IAN, stimulation on one side of the lip may have 
recruited trans-median excitation of the nerve branch on 
the other side in some participants. Further studies are 
required to clarify the influence of stimulus location when 
applied near the midline of the lip.

2.-2　Sensory disturbances of the tongue
　In our previous study, we identified three or four 
components of tongue SEFs (P25m, P40m, P60m, and 
P80m) over the contralateral hemisphere following pin-
electrode stimulation in all 10 healthy volunteers24). 
However, in contrast to the consistent detection of 
the P25m component among participants following lip 
stimulation, none of these four components (P25m, P40m, 
P60m, and P80m) was stably observed across participants 

Fig. 2	 Waveforms of lip somatosensory evoked fields (SEFs) 
in a representative healthy volunteer and a patient 
with sensory disturbance of the left lower lip. 

Waveforms are shown in the maximum amplitude channel 
over the contralateral hemisphere for the right and left sides 
in the healthy volunteer, and for the unaffected and affected 
sides in the patient (vertical scale : 40 fT/cm in both). The 
P25m components are indicated by the arrowheads. Note 
that P25m components were detected following stimulation 
of either side in healthy volunteers and of the unaffected side 
in the patient, while stimulation of the affected side did not 
produce the P25m component. Rt stim., right-side stimulation ; 
Lt stim., left-side stimulation; Unaffected stim., unaffected-side 
stimulation ; Affected stim., affected-side stimulation. Images 
modified with permission from Maezawa et al 11).
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following tongue stimulation. These findings suggest that 
each component of the tongue SEF cannot be used as an 
objective parameter for evaluating sensory disturbances 
of the tongue. We then analyzed the activated root-
mean-square (aRMS) of spatial and temporal summation, 
which represents the mean amplitude of SEFs from 
the 18-channel RMS over the contralateral hemisphere 
between 10 and 150 ms24). Moreover, as intra-individuals 
similarities in SEF waveforms were detected between 
the right and left sides of the tongue in each healthy 
volunteer, we utilized the unaffected-side of the tongue as 
a control to evaluate sensory disturbances of the tongue 
associated with unilateral LN injury12, 24). The laterality 
index of the aRMS, expressed as [(left - right) / (left + 
right)], was out of the pre-defined normal range in 12 
of 13 patients with sensory disturbances of tongue, and 
within the normal range in all 10 healthy volunteers. The 
test sensitivity and specificity of the procedure utilizing 
the laterality index of aRMS were 92.3% and 100%, 
respectively, suggesting that tongue SEFs can be used 
to objectively evaluate unilateral sensory disturbances of 
the tongue (Fig. 3)12). However, this method of analysis is 
limited in that it cannot be applied in patients who have 
undergone bilateral oral surgery or in those with bilateral 
sensory disturbances of the tongue due to the loss of the 
control side (unaffected side).
　We recently reported two cases in which tongue 
SEFs were useful for the objective evaluation of sensory 
recovery during patient follow-up13). In both patients, 
sensory deficits of the tongue were caused by unilateral 
LN injury during lower third molar extraction. Both 
patients underwent oral surgery to repair the injured LN, 
and all tongue sensory evaluations were performed both 
prior to and following surgery. Sensation of the tongue 
was initially highly lateralized between the affected and 
unaffected sides of the tongue in both patients, but had 
been restored to approximately normal by the time of 
post-surgery evaluation. SEFs were recorded following 
separate stimulation of the affected and unaffected sides 
of the tongue, and cortical activity was evaluated over 
the contralateral hemisphere using the laterality index 
of the aRMS. In both patients, tongue stimulation of the 
unaffected side evoked clear, reproducible differences 
between preoperat ive and postoperat ive SEFs. 
Preoperative stimulation failed to evoke SEFs on the 
affected side, whereas postoperative stimulation evoked 
clear SEFs. In both patients, the laterality index of the 
aRMS was out of the pre-determined normal range before 

sensory recovery, but was within the normal range after 
sensory recovery. Such findings indicate that tongue 
SEFs may have clinical use as an objective parameter 
for the evaluation of tongue sensory recovery. Similarly, 
Yamashita et al 27). recruited three patients with tongue 
carcinoma who had recovered flap sensation following 
flap reconstruction surgery. The authors reported a 
peak SEF latency between 20 and 40 ms following 
tactile stimulation of the tongue edge on either the 
reconstructed or the unaffected side. However, since the 
number of patients included in these studies was low27), 
further studies are required to clarify the usefulness 
of tongue SEFs for evaluating the recovery of tongue 
sensation in various clinical settings.

Fig. 3	 Waveforms of tongue somatosensory evoked fields 
(SEFs) in a representative healthy volunteer (a) and a 
patient with sensory disturbance of the right tongue (b).

a : The RMS waveforms were calculated from 18 channels 
around the channel containing the local maximum amplitude 
over the contralateral hemisphere following left tongue 
stimulation in a healthy volunteer (a[1]). The vertical scale was 
80 fT/cm for RMS waveforms associated with left- (a[1]) and 
right-side stimulation (a[2]). Note the high correlation between 
the shape and amplitude of these waveforms between the left 
and right side following stimulation in a health volunteer.
b : The RMS waveforms were calculated from the 18 channels 
over the contralateral hemisphere following affected-side (right 
side) stimulation in a representative patient (b[1]). The vertical 
scale was 30 fT/cm in for RMS waveforms following both 
affected- (b[1]) and unaffected-side stimulation (left side) (b[2]). 
Note that the magnitude of the RMS waveform for the affected 
side was significantly lower than that for the unaffected side. 
Images modified with permission from Maezawa et al 12, 24).
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Conclusions

　SEFs associated with stimulation of the lip and 
tongue may represent effective baseline parameters 
for evaluating sensory abnormalities of these regions 
fol lowing mandibular nerve injury. Quantitative 
assessment using such SEF parameters is advantageous 
since it provides objective evidence of lip and tongue 
impairments at a given measurement time. 
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