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Abstract

Objective—Several distinctive clinical features of patients with familial dysautonomia (FD)
including dysarthria and dysphagia suggest a developmental defect in brainstem reflexes. Our aim
was to characterize the neurophysiological profile of brainstem reflexes in these patients.

Methods—We studied the function of sensory and motor trigeminal tracts in 28 patients with FD.
All were homozygous for the common mutation in the IKAP gene. Each underwent a battery of
electrophysiological tests including; blink reflexes, jaw jerk reflex, masseter silent periods and
direct stimulation of the facial nerve. Responses were compared with 25 age-matched healthy
controls.

Results—All patients had significantly prolonged latencies and decreased amplitudes of all
examined brainstem reflexes. Similar abnormalities were seen in the early and late components. In
contrast, direct stimulation of the facial nerve revealed relative preservation of motor responses.

Conclusions—The brainstem reflex abnormalities in FD are best explained by impairment of
the afferent and central pathways. A reduction in the number and/or excitability of trigeminal
sensory axons is likely the main problem.

Significance—These findings add further evidence to the concept that congenital mutations of
the elongator-1 protein (or IKAP) affect the development of afferent neurons including those
carrying information for the brainstem reflex pathways.
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INTRODUCTION

Familial dysautonomia (FD) is a congenital autosomal recessive neuropathy caused by
mutations in the elongator-1/IKAP gene (Anderson et al., 2001, Slaugenhaupt et al., 2001).
The resulting protein deficiency selectively impairs the development of particular sensory
(afferent) neurons (Mezey et al., 2003, Close et al., 2006). In addition to relative indifference
to pain and insensitivity to temperature (Riley et al., 1949), affected patients are born with
signs of cranial nerve dysfunction including afferent baroreflex failure (Norcliffe-Kaufmann
et al., 2010), blunted hypoxic ventilatory drive (Filler et al., 1965) and absent corneal
reflexes (Mahloud;ji et al., 1970).

Several lines of evidence suggest abnormalities in the trigeminal nerve (cranial nerve V) and
medullary pathways. Post-mortem examinations showed a marked reduction in sensory
neuron counts in the trigeminal ganglia (Brown et al., 1964, Aguayo et al., 1971, Pearson et
al., 1971, Pearson et al., 1978a, Pearson et al., 1978c) and gross atrophy of the medulla
(Brown et al., 1964, Pearson et al., 1971, Pearson et al., 1978a, Pearson et al., 1978c).
Patients are born with feeding difficulties, likely due to the inability to coordinate the
repetitive sucking and swallowing motor pattern (Geltzer et al., 1964), a primitive
mechanism that involves sensory inputs carried by the trigeminal nerve (Barlow, 2009). Poor
control of jaw, tongue, cheeks and lip movements persist throughout life, manifesting as
chewing difficulties (Mass et al., 1992), dysphagia (Margulies et al., 1968) and dysarthria
(Halpern et al., 1967), processes that rely on sensory feedback from trigeminal nerve
afferents (Barlow, 2009). Patients appear to have diminished facial sensation and may self-
mutilate (Mass et al., 1994). They also develop a peculiar craniofacial appearance with
abnormal mandibular growth (Mass, 2012), as seen in other congenital hereditary
neuropathies (Varon et al., 2003).

Recent studies from our laboratory support the concept of FD as a disorder of afferent nerve
function, with relative sparing of the efferent motor neurons (Norcliffe-Kaufmann et al.,
2010, Macefield et al., 2011, Norcliffe-Kaufmann et al., 2012). Surprisingly, brainstem
reflexes involving the trigeminal nerves have never been assessed systematically in patients
with FD. We expected that patients with FD would have impaired brainstem reflexes, due to
either abnormal trigeminal sensory fibers, failure of the interneuronal networks within the
brainstem or abnormalities in the efferent motor neurons controlling the craniofacial
muscles. Here we used electrophysiological techniques to examine afferent, central and
efferent pathways of the trigeminal nerve by evaluating trigeminal-facial and trigeminal-
trigeminal brainstem reflexes.

METHODS

Participants

From September to November 2012, we studied 28 patients with FD (age 26+12 years; 10
male, 18 female). All had typical clinical histories and confirmation of the gene mutation
(Anderson et al., 2001, Slaugenhaupt et al., 2001). Seven patients were taking
benzodiazepines (diazepam4.5 mg/day, clonazepam1 mg/day, mean dosages). Twenty-five
age matched healthy controls were also studied (age 32+17 years; 10 male, 18 female). The
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procedures were approved by the institutional review board of NYU and informed consent
was obtained from all participants.

Preparation for the study

Subjects were seated in a semi-supine position. Room temperature was maintained constant
at 25°C. All measurements were made using a Nicolet Viking IV EMG machine (VIASYS
Healthcare, Madison, Wisconsin). All tests were performed in compliance with standards
recommended by the International Federation of Clinical Neurophysiology (Deuschl et al.,
1999). Participants were instrumented with Ag/AgCl surface electrodes. The order of the
tests was randomized. All responses were measured by the same evaluator that was blinded
to whether the tracings were from patients or controls.

Electrophysiological recordings

Electrical thresholds—The individual thresholds for the detection of electrical
stimulation, defined as the minimum intensity the subject could perceive, were determined
on the right side only by delivering a series of square pulses of 0.1 ms duration and
increasing stimulus intensity in steps of 0.3 mA over the right supraorbital nerve.

Blink reflex—Participants were instructed to remain immobile and keep their eyes directed
towards their knees. Muscular responses were recorded bilaterally with electrodes placed
over the orbicularis oculi muscles. The active recording electrode was at the mid-lower lid
and the reference electrode was 1 cm lateral to the eye cantus (i.e., 30 mm apart). The
ground electrode was placed at the middle of the forehead. The supraorbital nerves on the
right and left sides were stimulated percutaneously at the supraorbital foramen using square
pulses of 0.2 ms.

For standard recordings, stimulus intensity was set at five to eight times the individual
perception threshold (Rossi et al., 1989, Rossi et al., 1993, Meincke et al., 1999). To develop
the intensity versus response (amplitude and latency) curves, stimuli of increasing intensity
(5, 10, 15, 20, 25, 30 and 35 mA) were delivered to the right supraorbital nerve at random
intervals between 45 and 60 seconds. Stimulation was repeated until 3 reproducible
recordings were obtained at each level. Only reproducible blink reflex responses were
measured and used for analysis. If after 5 stimuli responses were not reproducibly and
clearly elicited, stimulation was stopped and responses were designated as absent.

Raw blink reflex responses were superimposed. Onset latencies were identified within the
following time windows: R1 (9-24 ms), R2 (27-70 ms), and R3: (70-100 ms) according to
published standards (Esteban, 1999, Blumenthal et al., 2005). Computer-generated peak-to-
peak amplitude cursors were placed at the highest and lowest points of the superimposed
raw responses. To avoid amplitude overestimation, care was taking to exclude peaks
exceeding the 95t percentile, as these outlier values were likely artifacts in the measurement
of the peak-to-peak amplitude. Manual corrections of automatic cursor positioning were
used when necessary. Duration was measured from the onset to the end of the responses.
Scale magnification was used to help clearly identify reflex components in the patient
recordings.
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Direct stimulation of the facial nerve and EMG of orbicularis oculi muscle—
Facial nerve compound muscle action potentials (CMAP) were evaluated on the right side,
using direct stimulation of the facial nerve, as previously described (Kimura, 1982). In brief,
percutaneous supramaximal electrical stimuli (0.2 ms pulses) were applied to the facial
nerve, just anterior to the tragus. Onset latency and peak-to-peak amplitude were measured
on the CMAP recorded from the orbicularis oculi muscle. Measurements taken from the
mastoid process to the nasion point were used to estimate the length of the facial nerve
segments evaluated in both groups. Surface EMG of the right orbicularis oculi muscle was
evaluated during light and maximal voluntary contraction.

Jaw jerk reflex (JJR) and EMG of masseter muscle—EMG responses (bandpass 30
Hz to 3 kHz) were recorded bilaterally with electrodes on the belly of each masseter muscle
and reference electrodes at the angle of the mandible. Subjects were instructed to hold their
mouths open with the incisor teeth 1 cm apart. An electronic hammer was applied to the chin
to trigger the electrophysiological recordings. Two series of four tapping stimuli were
applied. Minimal onset latency, maximal peak-to-peak amplitude, and negativephase
duration parameters were evaluated. Surface EMG of the right masseter muscle, was
evaluated during light and maximal voluntary contraction.

Masseter silent period (MSP)—Subjects were asked to voluntarily maximally contract
their masseter muscles. A pre-stimulus period of 20 ms was used to monitor the level of
muscular contraction before two series of four single pulses (0.2 ms) were applied to the
right mental nerve. Stimulus intensity was increased to six-times the sensory threshold in the
perioral skin (Maillou et al., 2007). Auditory feedback was provided. Mean onset latency
and total duration of the two masseter silent periods (SP 1 and 2) were measured.

Statistical analysis

RESULTS

Comparison of mean of the brainstem responses were performed using unpaired t-tests (for
latencies and durations) and the Mann-Whitney U test (for amplitudes). Comparison of
mean electrically evoked blink reflex responses between groups at each level of stimulus
intensity was performed with the Kruskal-Wallis test. The severity of the abnormality was
estimated from the percentage difference between responses observed in FD patients and
normal controls. The percentage of abnormal responses between groups was evaluated using
the Z test. Significance was set at p<0.05. All statistical analyses were performed on the
STATISTICA data analysis software system, version 8.0 (StatSoft, Inc. (2007).

Blink reflexes

Latency—Latencies of all three components of the blink reflex were significantly
prolonged in patients with FD. Experimental records from one patient and a control subject
are shown in Fig. 1. The latencies of late and early components of the blink reflex showed a
similar proportion of delay, as compared to normal subjects. There were no significant
differences between right and left sides for R1, R2 or R2-contralateral. Mean data for the
patients and controls are provided in Table 1.
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In the seven patient staking benzodiazepines, latencies for all the components of the blink
reflex were slightly prolonged compared with patients not taking benzodiazepines,
particularly for the R1 component. This, however, did not reach significance (R1: 13.2+2.8
vs. 12.7£1.4 ms; R2: 42.8+4.9 ms vs. 42.5£6.9 ms). Removing the patients taking
benzodiazepines from the FD group did not change the statistically significant difference in
latencies between patients and controls (table 1)

The blink reflex latencies of the patients with FD were significantly prolonged and more
dispersed than the latencies of the controls for all intensities of stimulation (Fig. 2)
Increasing stimulus intensity tended to decrease the latency of the R1 and R2 components
(Figures 1 and 2).

Amplitude—R1, R2 and R3 amplitudes were significantly depressed in patients with FD.
(Table 2, Fig. 1). The amplitudes of late and early components of the blink reflex showed a
similar proportion of decrement. There were no significant differences between right and left
sides for the amplitudes of R1, R2 or R2-contralateral. Mean data for the amplitudes of
patients and controls are provided in Table 2.

Patients taking benzodiazepines showed further decreased amplitudes compared with
patients not taking these drugs (R1: 158+143 vs. 207£192uv; R2: 240240 vs. 295+200 uv).
Again, these differences did not reach significance when comparing the patients with and
without benzodiazepines. The statistical difference between the patients and controls
remained when the patients taking benzodiazepines were removed from the analysis (table
2)

Increasing stimulus intensities tended to increase blink reflex amplitudes (Fig. 3). Both R1
and R2 amplitudes were depressed in the patients at each level of stimulus intensity (Fig. 3
and 1).

Responses to facial nerve stimulation and EMG of orbicularis oculi

In patients with FD, there was a trend for lower amplitude and longer latency CMAPS
evoked by direct stimulation of the facial nerve (table 3). Surface EMG of the orbicularis
oculi muscle showed a normal pattern of recruitment and normal motor units potentials.

Threshold of sensory perception

Patients with FD reported a significantly higher mean threshold of perception of the
electrical stimulus delivered on the face than normal subjects (table 3).

Jaw Jerk Reflex

Clinical jaw jerk (i.e., overt masseter muscle contraction to chin percussion) was absent in
all patients. EMG jaw jerk-like responses were evoked in all controls, but in contrast could
only be provoked in two patients. In these two patients, the responses were not reproducible
and had very long latencies (>14 ms), casting doubt as to whether they were truly elicited
jaw jerk potentials. In the remaining patients, mechanical stimulation failed to evoke an
identifiable jaw jerk response (fig. 4). The amplitude of masseter EMG recordings during
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maximal voluntary contraction was significantly reduced in patients with FD (Table 3). The
surface EMG of the masseter muscle showed a normal pattern of recruitment and normal
motor units potentials.

Latency and duration of masseter silent periods

SP1 and SP2 responses were recorded in all normal controls and patients with FD. In
patients, latencies of the first and second silent periods (SP1 and SP2) were significantly
prolonged (Table 4, Fig. 5). Delays were similar in the early and late inhibitory responses
(Table 4). The duration of SP1 and SP2 was similar for both groups (Table 4, Fig. 5) and
there were no right/left sided differences (Table 4).

DISCUSSION

The main finding of our study was that patients with FD have abnormal brainstem reflexes.
All tested trigeminal reflex latencies were delayed and amplitudes reduced. Motor responses
provoked by direct stimulation and voluntary contraction were, by comparison, preserved,
suggesting relative sparing of the motor efferent neurons.

Whether the impairment is located at the peripheral neurons or the central circuits of these
reflexes is an intriguing question. Early components (R1, JJR and SP1) are believed to be
mainly dependent on the peripheral neurons (i.e. trigeminal and facial nerve fibers (Cruccu
et al., 2005) while late components (R2, R2-contralateral, R3, R3-contralateral, and SP2)
involve both peripheral and central neurons (i.e., within the brainstem). Since both early and
late components were affected in a similar proportion, it is likely that both peripheral and
central neurons are affected similarly in patients with FD. In support of this, brainstem
auditory evoked potentials in children with FD were reported to have increased latencies of
waves Il and V and durations of I-Ill and I1I-V intervals, which can only be explained by
concomitant peripheral and central lesions throughout the auditory neuronal pathway (Lahat
etal., 1992). Furthermore, post-mortem neuropathology studies in patients with FD showed
involvement of cranial nerves (including the trigeminal peripheral fibers) and brainstem
reticular formation (Cohen et al., 1955, Brown et al., 1964).

The particular kind of damage (axonal vs. demyelinating) and the type of fibers that are
affected are also interesting questions. Severe demyelination of brainstem pathways is
unlikely to account for the observed abnormalities, since the degree of slowing in patients
with FD is considerably milder than that seen in demyelinating neuropathies (Kimura, 1982,
Cruccu et al., 1998, Ishpekova et al., 2005, Kokubun et al., 2007).While scattered irregular
sheaths in the mesencephalic tract of the trigeminal nerve were reported in one case, (Brown
et al., 1964) significant demyelination was not reported in other post mortem samples
(Brown et al., 1964, Yatsu et al., 1964, Aguayo et al., 1971, Pearson et al., 1975). However,
the finding that both early and late components showed a similar proportion of delay (around
20%), suggest that patients with FD have the same severity of slowing, probably due to
demyelination or hypo-myelination, of both peripheral and central neurons.

Since the different reflexes tested are mediated by a variety of sensory fiber types, (Shahani,
1970, Cruccu et al., 1987, Ellrich et al., 1997, Esteban, 1999) and all were affected, it is
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likely that multiple afferent fiber types, both small and large diameter, are abnormal in FD.
In contrast, there was relative sparing of the efferent motor neurons, a finding supported by
the study of Dyck et al., who described normal number and morphology of the a motor
neuron cell bodies in an autopsy sample of a patient with FD (Dyck et al., 1978).

The reduction of amplitudes of brainstem responses could be caused by several factors:
decreased population of axons, de-synchronization, phase cancellation and muscle atrophy
(Cruccu et al., 2000). The similar proportion of amplitude decrement for the early and late
components, approximately 50%, indicates that both peripheral trigeminal afferents and
central pathways within the brainstem are affected in a similar proportion, as occurred with
the latencies of these responses. This is in line with pathology samples in FD showing
involvement of brainstem reticular formation (Cohen et al., 1955, Brown et al., 1964) and
marked reduction in the number of sensory neurons in the trigeminal ganglia (Brown et al.,
1964, Aguayo et al., 1971, Pearson et al., 1971, Pearson et al., 1975, Pearson et al., 1978b),
as well as the decreased sensory nerve action potentials in the limbs (Hilz et al., 2000).
Impairment of the efferent neurons, as suggested by the slightly decreased orbicularis oculi
CMAP and masseter EMG amplitudes, is unlikely to fully explain the marked decrease in
reflex amplitudes.

The lack of stepwise change in blink reflex latencies and amplitudes with increasing
stimulus intensity was a surprising finding. The observed saturation of the responses at
lower intensities could be explained by the inability to progressively recruit sensory
trigeminal fibers (Sanes et al., 1982). This particular profile can be due to the reduction in
the absolute number of sensory trigeminal fibers, as shown in post mortem studies (Brown et
al., 1964, Pearson et al., 1971, Pearson et al., 1975) or decreased excitability of trigeminal
afferents, as suggested by the increased threshold of sensory perception recorded in the
patients.

A decreased number of trigeminal afferent fibers would generate a low response for all the
reflexes mediated by the trigeminal nerve, including both the early and late components of
the response as both depend on the same reduced input, and would explain the relative
preservation of direct motor responses, which are not dependent on trigeminal inputs.
Therefore, this could be the main pathological mechanism leading to a reduction in the
amplitude of brainstem reflexes in patients with FD.

The absence of the jaw jerk reflex in almost all patients is consistent with the absence of
other myotatic reflexes (Axelrod et al., 1984). EMG recordings of the masseter muscle did
show a moderate decrement in amplitude, which could account for a minor decrement of jaw
jerk reflex amplitude, but not for the complete lack of JJR response observed in the patients.
This, again, suggests that the impairment lies mainly within the afferent limb or the central
portion of this reflex arc, which in this case are la proprioceptive fibers from the muscle
spindles of the masseter and temporalis muscles (Finan et al., 2005). Absence of functional
muscle spindle afferents in the lower limbs has been shown recently in these patients
(Macefield et al., 2011) and likely accounts for the characteristic gait ataxia. Impairment of
the la afferent fibers from the masseter muscles could contribute to the poor motor
coordination during chewing (Tartaglia et al., 2008), speech (Franz et al., 1992, Smith,
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1992),and feeding (Finan et al., 2005), and subsequent dental trauma (Mass et al., 1992),
which are all typical features of the disorder.

Silent period 1 and 2 latencies were also increased in the patients with FD, with a similar
proportion of slowing found in both components. Previous studies in patients with
demyelinating and diabetic neuropathies have demonstrated that these silent periods are the
brainstem responses most frequently affected (Cruccu et al., 1998). Since both SP 1 and 2
afferents are the intermediately myelinated Ab group (Cruccu et al., 1987), this suggests
possible impairment of small afferent cutaneous sensory fibers from the lower face. These
fibers are essential for the feedback regarding the jaw muscle contraction, and their absence
is also associated with dental trauma (Mass et al., 1992).

Our study has limitations. The intensity of the mechanical stimulus used for eliciting the jaw
jerk reflex was not standardized. Nevertheless, we were able to demonstrate differences
between patients and controls. Due to technical limitations, we were unable to perform a
selective evaluation of the conduction through the peripheral fibers of the trigeminal nerve,
which would have permitted a more definitive assessment of the functional state of these
axons. Peak-to-peak amplitude measurements were useful to demonstrate amplitude
differences between groups; but rectifying and integrating the responses would have allowed
better quantification of the amplitudes. Sub-group analysis indicates that the use of
benzodiazepines, may have somewhat influenced our results. The presence of abnormal
reflex responses in the patients not taking benzodiazepines suggest that the use of these
medications does not fully account for the reduction in the amplitudes.

The role of trigeminal nerve involvement in the clinical manifestations of familial
dysautonomia warrants further investigation. In contrast to acquired disorders of the
trigeminal nerve, comparatively little is known about the clinical features in congenital
disorders affecting trigeminal nerve pathways.

In conclusion, our findings show that brainstem reflexes are delayed and diminished in
patients with FD. Neurophysiology and pathological evidence supports involvement of the
afferent trigeminal nerve fibers. These findings fit with the clinical phenotype of FD and add
further support to the concept that FD is a developmental disorder that affects primarily
sensory afferents with functional preservation of motor efferent fibers.
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Highlights

. Patients with familial dysautonomia (FD) have severe and widespread
disorders of brainstem reflexes.

. Sensory afferent fibers are more affected than motor efferent fibers.

. These findings could explain some clinical features of patients with FD, such
as slurred speech, dental trauma, chewing difficulties, dysphagia and
dysarthria.
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Figure 1.
Electrically elicited blink reflex recordings in a normal control and a patient with FD, during

stepwise incremental stimulation of the supraorbital nerve from 5 to 35 mA (center). Stimuli
were delivered to the right supraorbital nerve at random intervals between 45 and 60
seconds. Note, the reduced amplitude and increased latencies of R1, R2, and R3 responses at
all intensities of stimulation in the patient.
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Figure 2.

Latency vs. intensity of stimulation (mean£SEM) of R1 and R2 responses in patients with
FD and in control subjects. R1 and R2 latencies were significantly increased in the patients
at all intensities of stimulation. Normal controls, but not patients, showed a significant
negative correlation between intensity and latency of the R1 response. Significant

differences are listed in red (Kruskal-Wallis test).
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Figure 3.

Amplitude vs. intensity of stimulation (means + SD) of R1 and R2 responses in patients with
FD and controls. Note, R1 and R2 amplitudes are severely decreased in the patients at all
intensities of stimulation. Significant differences between patients and controls are listed in

red (Kruskal-Wallis test).
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CONTROL PATIENT

Right masseter

Left masseter

Figure 4.
Superimposed recordings of the jaw jerk reflex in a normal control and a patient with FD.

The patient showed bilateral absence of JIR responses. Recordings have a delay of —20 ms.
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CONTROL PATIENT
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Figure 5.
Masseteric silent period recordings in a normal control and a patient with FD. SP1 and SP2

are clearly defined in both subjects, with almost complete inhibition of voluntary contraction
of masseter muscles. Note, mildly reduced amplitude of the EMG signal in the patient with
increased latency but preserved duration of SP1 and SP2. Recordings have a delay of —20
ms.
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Table 1
Latencies of blink reflex components.
Latencies (ms)
Ee?rameters Patients, n=28 | Controls, n=25 % | palue
R1: Right 13.0+2.8 10.7+0.6 18 0.00
R1: Left 12.9+3.0 10.7+0.5 17 0.00
R2: Right 42,7455 33.0+4.9 23 0.00
R2: Left 42.3+6.8 33.2+3.6 22 0.00
R2C: Right 45.09+7.4 34.6+5.9 23 0.00
R2C: Left 47.29+9.6 36.0+£5.5 24 0.00
R3: Right 91.8+8.4 77.2+6.6 16 0.00
R3: Left 87.7£10.6 79.3+5.8 10 0.02
R3C: Right 91.1+8.4 77.6%7.2 15 0.00
R3C: Left 84.9+16.7 78.0£5.9 8 0.03

n: number of subjects, %: Percent difference, patients vs. controls. p: significance of unpaired t-tests. All data are mean£SD.
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Table 2
Amplitudes of blink reflex components.
Amplitudes (mv)
BR parameters % p value
Patients, n=28 | Controls, n=25
R1: Right 187+141 372+236 -50 0.00
R1: Left 132+114 388+228 —-66 0.00
R2: Right 287+141 565+221 -49 0.00
R2: Left 223+183 491+178 -55 0.00
R2C: Right 227+169 467+180 -51 0.00
R2C: Left 1724143 505+214 —-66 0.00
R3: Right 275+148 405+152 -32 0.00
R3: Left 246+111 438+160 -44 0.02
R3C: Right 315+133 396+155 -20 0.00
R3C: Left 213+182 379+107 -44 0.03

Page 19

n: number of subjects, %: Percent difference, patients vs. controls (i.e., ((Patients x 100)/controls)-100). p: significance of Mann-Whitney U-test.

Right/Left indicate side of stimulation. R2C: contralateral R2. R3C: contralateral R3. All data are mean+SD.
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Threshold of sensory perception, latency and amplitude of facial CMAP and amplitude of masseter muscle

EMG recordings.

Patients Controls % | pvalue
n=28 n=25
Sensory perception (mv) 2.6+0.6 1.8+0.3 17 0.01
Facial CMAP Latency (ms) 3.1+0.6 2.8+0.4 10 0.08
Facial CMAP Amplitude (vv) 1650+886 | 2079+832 | -21 0.09
Mastoid-Nose Distance (¢m) 15.4+1.3 15.1+1.2 2 0.33
Amplitude SEMG Masseter (vv) | 7094402 | 1045+332 | -32 0.02

n: number of subjects, %: Percentage of change in patients vs. controls. p: significance of t-tests and Mann-Whitney U-test. SEMG: Surface EMG,

CMAP: Compound muscle action potential. All data are mean+SD.
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Latency and duration of masseter silent period (MSP) responses

Table 4

Patients Controls | % | pvalue
n=28 n=25
SP1 Latency: Left (ms) 16.2+4.3 12.9+1.7 | 26 0.00
SP1 Latency: Right (ms) 17.0+4.1 13.4%1.7 | 27 0.00
SP1 Duration: Left (ms) 18.8+10.8 | 17.5+3.3 7 0.55
SP1 Duration: Right (ms) | 18.9£12.0 | 16.7+3.4 | 14 0.36
SP2 Latency: Left (ms) 63.2+17.1 | 49.1+6.2 | 28 0.00
SP2 Latency: Right (ms) 65.0+15.6 | 49.6x75 | 31 0.00
SP2 Duration: Left (ms) 39.0+£14.9 | 33.8+12.1 | 15 0.20
SP2 Duration: Right (ms) | 40.3+14.9 | 34.7+10.4 | 16 0.15

n: number of subjects. %: Percentage of change in patients vs. controls. p: significance of t-tests.

Clin Neurophysiol. Author manuscript; available in PMC 2018 June 28.

Page 21



	Abstract
	INTRODUCTION
	METHODS
	Participants
	Preparation for the study
	Electrophysiological recordings
	Electrical thresholds
	Blink reflex
	Direct stimulation of the facial nerve and EMG of orbicularis oculi muscle
	Jaw jerk reflex (JJR) and EMG of masseter muscle
	Masseter silent period (MSP)

	Statistical analysis

	RESULTS
	Blink reflexes
	Latency
	Amplitude

	Responses to facial nerve stimulation and EMG of orbicularis oculi
	Threshold of sensory perception
	Jaw Jerk Reflex
	Latency and duration of masseter silent periods

	DISCUSSION
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2
	Table 3
	Table 4

