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OBJECTIVES: To elucidate underlying
abnormalities of the masseter motor
system in amyotrophic [ateral sclerosis
(ALS).

METHODS: We recorded biphasic EMG
suppressions of the masseter muscle
(silent or inhibitory periods 1 and 2) after
electrical stimulation of the mental nerve
during maximum clenching of the teeth in
16 ALS patients and 15 healthy control
subjects. We also examined the recovery
cycle of the silent periods by delivering
paired stimuli with an interstimulus inter-
val of 250 ms.

RESULTS: Silent period 1 in the patients
was not significantly different from that in

control subjects, whereas silent period 2
{as measured by its area on the graph)
was increased in the patients, especially
with exaggerated jaw jerk, Only two
patients showed absence of silent period
2. The recovery cycle of silent period 2 in
the subgroup of patients with exagger-
ated jaw jerk was significantly lower than
the control value.

CONCLUSIONS: The abnommalities of the
masseter inhibitory reflex in ALS could be
ascribable to involvement of the cortico-
bulbar or corticoreticular tract projecting
to the inhibitory interneurons mediating
silent period 2. (ALS 2001; 2: 189-195)

Accepted 1 February 2002

Keywords: amyotrophic lateral sclerosls — masseter inhibitory reflex — jaw jerk

Introduction

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative
disease affecting not only the limb and trunk muscles but
also the muscles innervated by the brainstem motor
neurons. It affects both upper and lower motor neurons,
but involvement of the interneurons in the brainstem
motor system is undocumented at present apart from clini-
cal reports on the blink reflex or stapedial reflex in ALS.*?
Compared with these excitatory brainstem reflexes, the
masseter inhibitory reflex, or the exteroceptive suppression
of the masseter muscle, is the only test system providing
clinical information on the inhibitory interneurons of the
brainstem. This reflex is evoked by electrical stimulation of
the mental nerve during contraction of the masseter
muscle, and consists of an early and a late phase of inhibi-
tion, or silent period 1 (SP1) and silent period 2 {SP2),
which interrupt the voluntary EMG activity of the masseter
muscle bilaterally.>* The afferent pathway of the reflex
belongs to the intermediate-fast conducting fiber (A-beta)
group,® and both silent periods are mediated by indepen-
dent central circuits, cligosynaptic for SP1 and polysynap-
tic for $P2.% Furthermore, according to the results of a
study in patients with cerebrovascular disease, SP2 is more
affected by lesions of the supranuclear descending
pathway than §P1.7

We studied the masseter inhibitory reflex and its recov-
ery cycle to paired stimuli in patients with ALS in order to
elucidate possible abnormalities of the masseter motor
systemn in this disease, especially in relation to exaggera-
tion of jaw jerk.

Materials and methods
Subjects

In total, 16 patients with sporadic ALS (five women and 11
men} aged 46-70 years (mean age, 59.1) and 15 control
subjects with no neurological signs (six women and six
men) aged 42-73 years {mean age 54.1) participated in
the experiments. Sex and age were matched between the
two groups. The diagnosis of ALS was based on the Escor-
ial criteria of the World Federation of Neurology.® All ALS
patients showed selective involvement of voluntary motor
neuron systems with no abnormal signs in the sensory,
cerebellar, or extrapyramidal systems. Needle EMG
revealed systemic lower motor neuron Joss and active de-
nervation in all patients. Nerve conduction studies showed
no demyelinative changes.

Table 1 shows the clinical details of the investigated
patients. According to the conventional classification of
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\1.5 hased on predominant signs 'in the eafly S‘E.igerg'm th'e
s of 10 patients were classified as ‘classical type',
‘howing predominant signs of amyotrophy and upper
;nmor neuron involvement; those of four patients as
‘bulbar type’, showing predominant signs of corticobulbar
and bulbar involvement, with mild upper and lower corti-
cospinal impairment; and those of two patients as ‘pro-
gressive muscular (PMA) type’, showing predominant
signs of lower motor neuron involvement in the extremi-
ties (Table 1). No patients were placed on ventilators.
According to the degree of jaw jerk, the patients were
classified into two subgroups: six with diminished jaw jerk
(‘diminished jaw jerk group”: one woman and five men;
mean age, 62.2 years) and 10 with exaggerated jaw jerk
(‘exaggerated jaw jerk group”: four women and six men;
mean age, 57.3 years). The degree of jaw jerk was judged
from the results of bedside physical examinations by at
least two neurologists, including the authors. We excluded
patients whose jaw jerk was judged as normal by the two
neurologists, and included only patients showing obvi-
ously brisk or obviously diminished jaw jerk. Although we
did not quantitatively measure the jaw reflex, the ampli-
tudes of the conventional masseter reflex induced by a
mechanical tap over the mandible are reported to be very
variable, making the quantitative assessment of the jaw
reflex difficult.' We carefully selected only patients who
could clench their teeth to eat meals and showed sufficient
EMG activity of the masseter muscle. All control subjects
and patients gave their informed consent to the experi-
mental procedure before commencement of the study.

SP1 SP2

Original Research

The procedure had the approval of the local ethics com-
mittee.

Masseter inhibitory reflex

Subjects were seated on a comfortable reclining chair, and
EMG activity was recorded from bilateral masseter muscles
through surface electrodes placed 2-3 c¢m apart over the
muscle bellies. Responses were amplified and filtered
through a Dantec Couterpoint 2 electromyograph (Dantec
Co. Ltd., Denmark) with the bandpass ranging from 20 Hz
to 2 kHz, sweep time 500 ms and sampling rate at 5 kHz,
and stored on MO disks for off-line analysis.

Subjects were instructed to clench their teeth as hard as
possible, for periods of 2-3 s, with the aid of auditory
feedback. Ten consecutive full-wave rectified EMG signals
of maximum clenching of the teeth prior to application of
stimuli were averaged, and the averaged signals provided
the background EMG activity. The background EMG activ-
ity (HV.ms}) was first measured for a 40 ms period prior to
stimuli and then corrected to the value for 1 ms {pV). Elec-
trical stimuli {0.2 ms, 15-30 mA} were delivered to the
mental nerve through surface electrodes during maximum
contraction of the bilateral masseter muscles. The stimulus
intensity was adjusted to be 8-10 times the sensory thresh-
old and was maintained at this intensity throughout the
recording session. This intensity yielded the best evidence
of $P1 and SP2. Each subject repeated 10 trials of clench-
ing the teeth with 15-20 s rest intervals between two suc-
cessive stimuli of the mental nerve. EMG signals were

Figure 1

(A) An example of the rectified and averaged
waveform of the masseter inhibitory reflex in a
control subject. Arrows indicate electrical stim-
ulation. 5Pt and SP2 represent silent periods 1
and ¢, respectively. A horizontal line indicates
80% level of the background EMG activity of
the masseter muscle. {B) Masseterﬁhibitory
reflex in @ 55-year-old ALS patient with exag-
gerated jaw jerk. The area of SP? was increased
compared with that in the control subjects. (C)
Masseter inhibitcry reflex in a 49-year-old ALS

patient with a markedly exaagerated jaw jerk
and jaw clonus. The area of SP2 was markedly
increased. Vertical and horizontal calibration
bars represent 50 pV and 20 ms, respectivety.
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recotded from the masseter muscle contralateral to each
mental nerve stimulation. The latencies and durations of
SP1 and SP2 were measured at the intersection of the recti-
fied and averaged signal with a line indicating 80% of the
background EMG level according to the method reported
elsewhere.%”'? The areas of the SPs under this line were
automatically computed (mV.ms) (Figure 1A), and then
corrected using the background EMG activity (i.e. SP area /
background EMG adtivity).

Recovery cycle of SP

We also studied the recovery cycle of the SP1 and SP2
using a double shock technique. Paired electrical stimuli of
equal intensity were delivered to the mental nerve at inter-
stimulus intervals of 250 ms. This interstimulus interval
has been previously reported to be the most demonstrative
and useful for clinical purposes.'*'* For each subject, 10
trials of paired electrical stimuli of the mental nerve were
performed, with the same alternation of ‘clench’ and ‘rest’
phases as described for the single stimulation test, The
recovery cycle was then calculated by expressing the area of
SPs after the second stimulation (test) as a percentage of
the area of SPs after the first stimulation (conditioning).

Statistical analysis

We used the unpaired Student's t-test for statistical analysis
10 compare the patients” data with the controls’ for the
latency, duration, area and recovery cycle of SPs. The P-
values for all data were wwo-sided, and the level of signifi-
cance was set at 5%.

Results
Background EMG activity

The mean (: SD} background EMG activity of the masseter
muscle was 123 = 48 pV in the contro! subjects and 141
74 pV in the ALS patients, That for the subgroups of ALS
patients was 155 + 67 pV in the diminished jaw jerk group
and 125 + 69 pV in the exaggerated jaw jerk group. There
were no significant differences in the mean background
EMG activity between the contro! subjects and ALS
patients,

Results of masseter inhibitory reflex

SP1 was present in all control subjects and patients, and
SP2 was present in al! control subjects. In two ALS patients
in the exaggerated jaw jerk group, SP2 was very small or
absent, and its area was not measurable. The remaining 14
patients showed both SP1 and SP2, One patient (49-year-
old man; patient 7 in Table 1) showed an extremely large
SP2, which was markedly prominent compared with the
findings from the other patients, as described in the
following case report. Table 2 summarizes the findings of
the control subjects and ALS patients. There was no signifi-

cant difference in the area of SP1 between the control sub-
jects and ALS patients, but the area of SP2 in the patients
was significantly larger than that in the control subjects
(P <0.05). Standard deviations of the data of SP2 area
were large since we included the data of the two patients
showing absence of SP2 (SP2 area = 0) and also that of the
patient with the extremely large SP2. Figure 1B represents
the masseter inhibitory reflex of a 55-year-old patient
(patient 10) showing an increased SP2 area. The latencies
of both SPs and the duration of SP1 showed no significant
differences between the two groups. The duration of SP2
showed a non-significant increase. Regarding the results in
each subgroup of ALS patients, the respective mean area of
SP1 in both subgroups showed no significant difference
compared with that in the control subjects. The area of SP2
in the diminished jaw jerk group tended to be larger than
that in the control subjects, though it was not significantly
different (P = 0.096), and the area of SP2 in the exagger-
ated jaw jerk group was significantly larger than that in the
control subjects (P < 0.05). The duration of SP2 also
tended to be longer in the exaggerated jaw jerk group,
though not significantly. When the data of the three
patients showing the extreme values {absent ot extremely
large 8P2) were excluded from the statistical analysis, the
area of SP2 was 15.57 + 9.12 for all the ALS patients
(n=13) and 17.49 £ 9.03 for the exaggerated jaw jerk
group of patients {n = 7), both of which were also signifi-
cantly increased (P < 0.05 and P < 0.01, respectively).

Recovery cycle of SP

For this experiment, the data of the patient showing the
extremcly large SP°2, as described in the following case
report, were not included, because the end of his SP2 was
later than 250 ms after the first mental nerve stimulation.
We also excluded the data of the two patients in whom
$P2 was absent. There was no significant difference
between the recovery cycle of the SP1 or SP2 area in the
control subjects and in the ALS patients (Table 2). The
recovery cycles of SP1 in both subgroups of the patients
did not differ significamly from with the control values
(Table 2). The recovery cycle of $P2 in the diminished jaw
jerk group also showed no difference from the control
values, whereas that in the exaggerated jaw jerk group was
significantly lower than the control data (Table 2;
P < 0.05).

Case report

Figure 1C shows a characteristic waveform of the masseter
inhibitory reflex in one ALS patient (patient 7). He was a
49-year-old man with a classical type of ALS that had had
a long disease course of 12 years. He exhibited upper and
lower motor neuron signs and bulbar features. His jaw jerk
was markedly exaggerated and accompanied by jaw
clonus, but his ability to clench his teeth was preserved
and he could still eat orally. The background EMG activity
of the maximum voluntary contraction of the masseter
muscle was within normal range (134 pV). The masseter
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Areat Latency {ms) Duraticn (ms) Recovery cycle (%)§
Silent period 1
Control - 7.11£2.69 152124 206145 92.0 +23.5
as . 7881452 157+ 2.1 22985 101.1439.8
Diminished jaw jerk group . 9.61 %585 142213 26.8+88" 98.2+49.0
_ Exaggerated jaw jerk group ©6.99 £ 4.45 162121 205+ 8.0 103.7 £ 31.8
Silent period 2
Control 8.61 675 551+124 3471124 95.11420
. ALS 19.08 £ 24.09* 56099 ‘50.5+51.7 81.6+£494
Diminished jaw jerk group 14.14 £+ 9.78 55.1+11.5 - 3562155 91.7+593
Exaggerated jaw jerk group 2242 1 29.26* 55783 58.7+6G63.4 73.6 + 40.6*

tArea was corrected by the background EMG activity.

§The data of one patient showing extremely large SP2 and of two patients shawing absence of $P2 were not included.

*P<0.05.

Table 2
Reflex variables in control subjects and patients with ALS

inhibitory reflex study showed a normal $P1, with the
area, latency and duration being 10.40, 15.0 and 28.3 ms,
respectively. The interrupting EMG activity between SP1
and $P2 was also normally elicited. However, after the
appearance of §P2, with the latency of 47.2 ms, the patient
could not maintain the power of voluntary clenching in
spite of encouragement, and, therefore, $P2 was markedly
enlarged. The area and duration of $P2 were 111.42 and
205.0 ms, respectively. About 150-200 ms after the electri-
cal stimulation, the voluntary EMG activity gradually
retarned 1o prestimulation level, These findings were the
same for both masseter muscles and  reproducibly
obtained.

Discussion

ALS usually affects the trigeminal motor nucleus as well as
the facial nucleus, and the masseter muscle shows various
degrees of atrophy. $P1 and SP2 are known to be influ-
enced by the power of the masseter muscles,'"" and
precise evaluation of the masseter inhibitory reflex is diffi-
cult in patients with severe masseter muscle involvement.
In the present study, therefore, we selected patients in the
relatively early stages of ALS who were still capable of
clenching their teeth, as shown by the background mas-
seter EMG activity.

The masseter inhibitory reflexes, SP1 and SP2, were
present in most of the ALS patients. This indicates that the
central reflex circuit was preserved and the inhibitory
interneurons in the brainstem were intact, at least in the
early stage of ALS. The main finding in the ALS patients
was the increased area of SP2 in the single stimulation test.
This abnormality was more distinct in the exaggerated jaw
':lré group than in .the diminished jaw jerk group.
lreﬂ:’;ﬂ‘gh th_e SP2 area in the latter group showe_d a similar

- Judging from the representative case with marked

increase of SP2 area, shown in Figure 1C, it might be rea-
sonable to suggest that the increased SP2 area is related to
exaggeration of the jaw jerk. The other finding in our study
was the reduced recovery cycle of SP2, which was observed
in the exaggerated jaw jerk group.

The masseter inhibitory reflex has been reported to be
abnormal in various central nervous system disor-
ders. 1+ pyrapyramidal disorders such as Parkinson’s
disease and generalized or focal dystonia result in an
enhanced recovery cycle of SP2, that might be due to the
loss of inhibitory control on the interneurons mediating
the reflex.'*"* There have been few reports on the effect of
upper motor neuron invelvement on the masseter
inhibitory reflex. Cruccu and colleagues’ demonstrated a
reduced size of SP2 and an increased habituation of SP2
on repetitive stimulation in patients with hemiplegia, and
suggested involvement of corticoreticular facilitatory pro-
jections to the inhibitory interneurons mediating SP2.

Our observation of increased SP2 area in ALS is unique.
This abnormality indicates hyperexcitability of inhibitory
interneurons mediating SP2, and might be attributed to
the involvement of the corticoreticular inhibitory projec-
tion to the brainstem inhibitory interneurons. SP2 dura-
tion usually increases when the masseter contraction force
decreases, but this was not the case in our study because
we selected patients with normal contraction force as
judged by the background EMG activity. Moreover, the
representative patient in Figure 1C had good masticatory
function as seen in the background EMG activity, and did
not have dental malocclusion.

The precise underlying mechanisms relating the
increased SP2 area to the exaggeration of the jaw jerk
remain unknown. Exaggeration of the jaw jerk is caused by
involvement of the corticobulbar tract, leading to
decreased presynaptic la inhibition, decreased facilitatory
drive to premotor inhibitory interneurons, or to decreased
inhibitory drive monosynaptically projecting to the
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masseter motor neurons. The cornticoreticular inhibitory
pathway responsible for the increased SP2 area might have
an anatomical distribution in common with that of the
descending pathway for the brisk jaw jerk. In experimental
studies, chronic spinal transection in animals increases the
size of both mono- and polysynaptic reflexes or of both
facilitatory and inhibitory reflexes at segments caudal to
the transection.'™" These findings might explain the con-
comitant increased SP2 size with the exaggeration of jaw
Jerk in ALS, which would indicate degeneration of cortico-
fugal fibers in ALS. The reduced recovery cycle of SP2 in
the exaggerated jaw jerk group might be also explained by
involvement of the corticobulbar or corticoreticular facili-
tatory descending projections to the inhibitory interneu-
rons. The cause of the discrepancy between the attitudes of
SP1 and SP2 in our patients is unknown. The oligosynap-
tic inhibition of the masseter motor neurons responsible
for SP1 is probably less affected by the supranuclear tract
involvement than the polysynaptic inhibition responsible
for SP2. This idea is also supported by the report that in
hemiplegic patients with stroke, SP1 was normal and $P2
was reduced in size.’

SP2 was absent in two ALS patients. This suggests a
lesion involving the interneurons in the brainstem reticu-
lar formation that mediate $P2. The brainstem tegmentum
or the reticular formation is known 1o be vulnerable in
ALS,*** and the disappcarance of $I°2 might reflect proprio-
bulbar neuron degencration in the brainstem. Since the fre-
quency of this type of abnormality is rather low, further
investigation on a larger number of ALS patients is neces-
sary.

Other brainstem reflexes and their recovery cycles have
not been fully investigated in AlS. Shimoda and col-
leagues® reported a diminished R2 component of the blink
reflex in ALS, although the Rt component was preserved,
and attributed it to supranuclear dysregulation. in a study
of the stapedial reflex in ALS,' a similar mechanism was
considered for the reflex abnormalities. Involvement of the
corticobulbar or corticoreticular tract in ALS would induce
brainstem reflex changes even when the brainstem
motoneurons are not degenerate.

Transcranial magnetic stimulation studies in ALS have
shown reduced motor cortex excitability threshold, short-
ened cortical silent period, and motor cortical disinhibi-
tion in paired-pulse studies.”™ ™ These findings suggest
dysfunction of intracortical inhibitory interneurons. Our
work suggests enhanced inhibition within the brainstem.
The increased size of SP2 we have observed could be
attributed not to imbalance between GABAergic and gluta-
matergic transmission caused by local neurodegeneration,
but to a remote effect caused by supranuclear descending
pathway degeneration.

The corticospinal and corticobulbar tracts are primary
targets of the disease process in ALS, As Holstege®' indi-
cated, the corticofugal descending projections to the lower
brainstem motor nuclei (corticobulbar tract) belong to the
lateral descending system and terminate in the lateral
tegmental field of the caudal pons and medutla, where
propriobulbar neurons exist with projections to the facial,

trigeminal motor and hypoglossal nuclei’** The
inhibitory interneurons mediating SP2 lie in the medial
propriobulbar system of the lateral tegmental field and
give rise to bilateral collaterals ascending along the medial
propriobulbar systems to the trigeminal motoneu-
rons.'**'-** The degenerative lesions in ALS are distributed
not only in the corticospinal tract but also in the brain-
stem tegmentum and the reticular formation.?-2% The
increase in SP2 area in the masseter inhibitory reflex pre-
sented in this study is consistent with the neuropathologi-
cal findings in ALS.
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Electro-oculogram shows flutter-like oscillation at eye opening. Rt.: right eye, Lt.: left eye.
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Fig. 2 A:The electroencephalogram (EEG) shows continuous diffuse slow waves before steroid
treatment. B : After the treatment, slow waves on EEG were remarkably decreased.
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Fig. 3 Axial FLAIR (TR 10002. TE 158/Ef) weighted (A, B, D.E) and diffusion {TR 5000, TE 108.
Ef) weighted (C. [} brain MRI before (A-C) and after the steroid treatment (D-F), Less high in-
tensity lesions in the white matter and the left thalamus are present (A.C). After the treatment,
high intensity lesion in the eft thalamus decreased. while that in the white matter increased (D-F).
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Fig. 4 Clinical course of the patient. After the steroid therapy, his mental status improved. Protein
level of the cerebrospinal fluid was reduced. HDS-R : revised version of Hasegawa's dementia scale.
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A case of steroid-responsive encephalopathy with positive 14-3-3 protein of the
cerebrospinal fluid clinically resembling Creutzfelt-Jakob disease

Kanae Utsumiya, MI.", Ryuki Arakawa, M.D.", Shin Fujimoto, M.D."%,
Hidetsugu Ueyama, M.D." and Toshihide Kumamoto. M.D."
"Department of Brain and Nerve Science (Third Department of Internal Medicine).
Oita University Faculty of Medicine
Ueo Memorial Hospital

A 69-year old man developed subacutely progressive dementia, inactivity, and gait disturbance. On admis-
sion, he showed flutter-like oscillation of the bilateral eyves and myoclonus with upper extremities. Cerebrospinal
fluid (CSF) analysis revealed elevation of protein (73.2mg ‘d!) and the positive 14-3-3 protein. An electroencepha-
logram (EEG) revealed diffuse slowing (2-3Hz. 80uV). Brain MRI showed high intensity lesions in the white mat-
ter and left thalamus on FLAIR and diffusion imaging. We first suspected Creutzfelt-Jakob disease (CJD). but his
symptoms didn’'t progress and showed no PSD on EEG. Oral corticosteroid therapy (prednisolone 60mg/day)
brought him remarkable recovery corresponding with improvement of CSF and EEG findings. Despite of etiology
unknown, we made a diagnosis of steroid-responsive encephalopathy.

(Clinica Neurol. 44 : 618—622. 2004)

Key words : steroid-responsive encephalopathy, 14-3-3 protein, Creutzfelt-Jakob disease, flutter-like oscillation
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Survey of Physical Assessment Skills and Knowledge Essential
for Home Visiting Nursing Activities
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Abstract

Nurses always do home visiting nursing care alone. Precise judgment in the visit scene is needed
constantly. It cannot be yet systematized enough what kind of physical assessment skills are necessary
for physical information collection of that purpose. Therefore 283 nurses who currently engage in
visiting care practice were investigated by using an original self-administered questionnaire. As a
result, it became clear that necessity about assessment skills for “vital signs” “skin lesions” “pitting

edema” “consciousness level” and “breath sounds” were high. The differences by the nursing years of
experiences were not recognized about recognition of these necessities. Differences by the visiting
care years of experience were reviewed, but the item different clearly could not be found since home

visiting nursing care in Japan has not had a long history yet.

W #®

VR EERKCEEASRM TR L TEELRET S, FOYMBETCONRLUN A biicaEL
SNELDTHE. TOLDOEBMTERED:DIREDEIRT 4 THAT LAY S DE
EABHIEDOTRENTHFCRBRETITOAL, 2 CARR TR ERC NSRS c BT
WETERE2IEAMRE L, HERT 7 — FARETo%. TOBR. 154 A4 >y [RHRK
5 NEMEOHE TERU) FREBN O7 XA MMEEOBEMITOC EHB S I Aot
ChLDUEROEMI DL TRAESRENIC L Z2RTDbhit ok, HHEEEREN- L5
HPBILIH HLEMIIROWMHIHEBI RO SR ot, CACRENEIC B THESELH
LEoThb i RERMROIELBELTV2 0L RN,

T EHBAYEERRBYH CREEALALREYRAHRMELERE SAAERAS

35

—410—



