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Correlation between Electromyographic Reflex and MR

|maging Examinations of the Trigeminal Nerve

Charles B. L. M. Magjoie, Mgjid Aramideh, Frans-Jan H. Hulsmans, Jonas A. Castelijns,
Edwin J. R. van Beek, and Bram W. Ongerboer de Visser

BACKGROUND AND PURPOSE: Previous studies have shown that clinical localization of
trigeminal nerve lesions is inaccurate as compared with MR imaging findings. The purpose of
our study was to ascertain the added value of electromyographic (EMG) investigation of the
trigeminal nerve reflexes for the improvement of lesion localization and for the preselection of
patients for MR imaging.

METHODS: We reviewed the EMG studies of the trigeminal reflexes and the MR imaging
studies of 20 patients with unilateral symptoms and signs related to the trigeminal nerve (40
trigeminal nerves examined). The results of the two studies were compared to assess the value
of EMG in predicting MR imaging outcome. Lesion localization as demonstrated by EM G was
compared with localization at MR imaging. MR imaging was used as the standard of reference.

RESULTS: Eight (40%) of 20 patients had MR imaging findings related to presenting tri-
geminal symptoms, including five brain stem lesions and three peripheral lesions. Fourteen
(70%) of 20 patients had EMG abnormalities related to presenting symptoms and signs. For
brain stem lesions, lesion localization as shown by EMG corresponded well with MR imaging
findings. EMG yielded a sensitivity of 100%, a specificity of 81%, a positive predictive value
of 57%, and a negative predictive value of 100% in predicting MR imaging results. Interob-
server agreement was good for both the EMG reflex and MR imaging examinations.

CONCLUSION: Our data suggest that EMG recordings of the trigeminal reflexes can be
used to exclude structural lesions in patients with symptoms related to the trigeminal nerve.
When a lesion is localized in the brain stem with EMG, a tailored MR imaging examination

of this region may be sufficient.

Patients with symptoms related to the trigeminal
nerve may present with a broad spectrum of clin-
ical findings, including facial pain, either typica
trigeminal neuralgia or atypical pain, numbness,
paresthesias, and weakness or trismus of the mas-
ticator muscles. At physical examination, impaired
pain, touch and temperature sensations, or a de-
creased or absent corneal reflex may be found (1,
2). MR imaging is considered the imaging method
of choice for evaluation of patients with symptoms
related to the trigeminal nerve (3, 4). These patients
may have lesions anywhere from the brain stem
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nuclei to the distal extracranial branches (3, 4). The
brain stem trigeminal nuclei extend from the upper
midbrain to the lower medulla oblongata (1-4). In
aprevious radiologic study of patients with trigem-
inal neuropathy, it was suggested that clinical lo-
calization of trigeminal nerve lesions was extreme-
ly inaccurate as compared with MR imaging
findings and that the entire course of the trigeminal
nerve should aways be visualized (4).

Electromyographic (EMG) investigation of the
trigemina nerve reflexes, including the blink re-
flex, the masseter inhibitory reflex, and the jaw-jerk
reflex, may provide valuable additional information
about the site of a lesion that cannot be obtained
with physical information (5). When accurate lo-
calization of alesion is possible with EMG, more
tailored MR examinations might be possible, lim-
iting MR imaging time. In a previous study of 112
consecutive patients with trigeminal nerve symp-
toms, 61% of the patients had abnormalitieson MR
images (6). Preselection of patients on the basis of
EMG findings may increase the yield of MR im-
aging in the evaluation of patients with symptoms
and signs related to the trigeminal nerve.
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Fic 1. Blink reflex. Diagram shows presumed location of the
bulbar interneurons subserving the two components of the blink
reflex: (1) interneurons subserving the ipsilateral early compo-
nents; (2) interneurons subserving the bilateral late component.
(Vm indicates trigeminal motor nucleus; Sp V co, spinal trigem-
inal complex; Sp V tr, spinal trigeminal tract; VI, abducens nu-
cleus; VI, facial nucleus; VII, facial nerve; VN, trigeminal sensory
root; X/, hypoglossal nucleus; Lat tegm field, lateral tegmental
field; Med tegm field, medial tegmental field.) Modified from (5)
and used with permission.

The purpose of our study was to compare the
results of EMG examinations of the trigemina
nerve reflexes with MR imaging findings.

Patients and M ethods

Patients

Between May 1992 and August 1997, 20 patients (11 men
and nine women), aged 25 to 63 years (mean age, 42 years),
with unilateral trigeminal nerve symptoms (nine with left-sided
and 11 with right-sided symptoms) underwent EMG of the
trigeminal reflexes and MR imaging. MR imaging diagnoses
were confirmed at surgery and by histopathol ogic examination,
by typical clinical course, or by further radiologic follow-up.
Medical records were reviewed to assess type and laterality of
presenting symptoms. For patients with negative MR imaging
studies, follow-up findings were aso evaluated.

EMG

Blink reflex response latencies to supraorbital nerve stimu-
lation on either side were recorded with a fine concentric nee-
dle electrode in the orbicularis oculi muscle, according to a
technique described previously (7-11). The supraorbital nerve
and the sensory ophthalmic root form the common afferent
limb; the facial nerve, the common efferent limb. In this reflex
arc, there is an early unilateral, R1, response at about 10 mil-
liseconds, relayed through an oligosynaptic pathway through
the principal trigeminal nucleusin the middle third of the pons.
The later bilateral, R2, responses at about 30 milliseconds are
relayed through a more complex pathway in the pons and dor-
solateral medulla (7-13) (Fig 1). The afferent fibers for R2
descend from the pons through the spinal trigemina tract in
the medullary region and terminate in the most caudal part of
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Fic 2. Masseter inhibitory reflex. Diagram shows presumed lo-
cation of the bulbar interneurons subserving (1) the early (SP1)
phase and (2) the late (SP2) phase of the masseter inhibitory
reflex. (VN sens indicates trigeminal sensory root; VN mot, tri-
geminal motor root; for other abbreviations, see legend to Fig 1.)
Modified from (16) and used with permission.

the spinal trigeminal nucleus. From this area, R2 is conducted
through ipsilateral and contralateral polysynaptic pathways
through the lateral tegmental field before making connections
with the facia nuclei (5, 10, 13-15).

Masseter inhibitory reflex latencies were recorded simulta-
neously from both masseter muscles by needle or surface elec-
trodes after stimulation of the mental nerve on either side dur-
ing maximal clenching of the teeth. The masseter inhibitory
reflex consists of early symmetrical and late phases of EMG
silent periods, with the first silent period (SP1) occurring at 10
to 15 milliseconds and the second silent period (SP2) at 40 to
50 milliseconds, interrupting the voluntary EMG activity in
the ipsilateral and contralateral masseter muscles (16, 17). Af-
ter stimulation of the mental nerve, impulses reach the pons
via the sensory mandibular root of the trigeminal nerve. The
S1 response is mediated by one inhibitory interneuron pro-
jecting onto jaw-closing motoneurons bilaterally. The whole
circuit lies in the midpons (5, 16, 17). The afferents for S2
descend in the spinal trigeminal tract and connect with a po-
lysynaptic chain of excitatory interneurons, located in the lat-
eral tegmental field formation, at the level of the pontomedul-
lary junction. The last interneuron of the circuit is inhibitory
and gives rise to ipsilateral and contralatera collaterals that
ascend medially to the right and left spinal trigeminal com-
plexes, to reach the trigeminal motoneurons (5, 16, 17) (Fig
2).

To €licit the jaw-jerk reflex, the examiner holds one finger
on the subject’s chin and taps it with a reflex hammer. EMG
responses are recorded simultaneously from the two sides by
surface electrodes placed on the masseter muscle belly (5). The
jaw-jerk reflex circuit involves the ipsilateral midbrain and
midpons. The afferent nerve fibers have their cell bodies in
the trigeminal mesencephalic nucleus, which has collatera
links with the trigeminal motor nucleus in the pons (5, 18, 19)
(Fig 3).

Topodiagnostic implications of trigeminal reflex abnormal-
ities have been described previously (5, 12, 15, 20).

EMG studies were reviewed by a neurologist and a neurol-
ogy resident with expertise in the brain stem reflexes who had
knowledge of the clinical or MR imaging findings described
herein. The EMG study was considered positive when a delay
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Fic 3. Jaw-jerk reflex. Diagram shows the reflex arc subserving
the jaw-jerk reflex. (Vmes indicates mesencephalic nucleus of
the trigeminal nerve; Vp, principal sensory nucleus of the trigem-
inal nerve; Vm, trigeminal motor nucleus; Sp V tr, spinal trigem-
inal tract; /Il N, oculomotor nerve; Ohpth N, ophthalmic trigeminal
root; Max N, maxillary trigeminal root; Mand N, mandibular tri-
geminal root; Mot Root V N, trigeminal motor root; VI N, abdu-
cens nerve, Mmsp, masseter muscle spindle; Mmf, masseter
muscle fibers.) Modified from (5) and used with permission.

in the peak or an absent latency was found. Interobserver vari-
ability was assessed with the k statistic. Discrepancies were
resolved by consensus.

MR Imaging

MR imaging was performed on a 1.5-T unit. The patients
underwent a standard trigeminal nerve MR imaging protocol,
which included axial proton density— and T2-weighted spin-
echo images (3800/22—90/1 [TR/TE/excitations]) or fast spin-
echo images (3500/22—90/1) with a 5-mm section thickness, a
23-cm field of view, and a 192 X 256 matrix of the whole
brain; axial T1-weighted spin-echo images (570-610/14-15/2)
with a 3-mm section thickness, a 23-cm field of view, and a
192 X 256 matrix through the pons (including the orbit and
maxillary sinus), extending to the inferior mandible if the third
division of the trigemina nerve (V3) was involved; and co-
ronal T1-weighted spin-echo images (570—610/14—15/2) with
a 3-mm section thickness, a 23-cm field of view, and a 192 X
256 matrix from the midpons to the orbit apex. The T1-weight-
ed spin-echo sequences were repeated after the intravenous in-
jection of 0.1 mmol gadolinium per kilogram of body weight.
Additional corona and sagittal proton density— and T2-weight-
ed spin-echo images and sagittal contrast-enhanced T1-weight-
ed spin-echo images with the same imaging parameters as
above were obtained in some patients. An MR imaging study
was considered positive when a lesion was identified along the
course of the symptomatic trigeminal nerve.

The MR imaging studies were independently reviewed by
two neuroradiologists who were unaware of the clinical or
EMG findings. Interobserver variability was assessed with the
K statistic. Discrepancies between the two observers were re-
solved by means of consensus.

EMG/MR Imaging Correlation

Lesion localization as demonstrated with EMG was com-
pared with localization at MR imaging. MR imaging was the
standard of reference. EMG findings were correlated with MR
imaging results in a 2 X 2 table to determine the sensitivity,
specificity, negative and positive predictive value, and accu-
racy of the EMG relative to MR imaging.
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Results

Theclinical, EMG, and MR imaging findings are
summarized in Table 1.

EMG Findings

Overdl, EMG findings were abnormal in 14 tri-
geminal nerves (in 14 patients, unilaterally) of the
40 nerves (in 20 patients, bilaterally) examined. All
abnormalities were found along the course of
symptomatic nerves.

Blink reflex recordings were obtained in all 40
nerves (20 patients, bilaterally) and were abnormal
in 11 symptomatic nerves (11 patients, unilaterally)
and normal in nine symptomatic nerves (nine pa-
tients, unilaterally); they were a'so normal in al 20
asymptomatic nerves (20 patients, unilaterally).

Masseter inhibitory reflex recordings were ob-
tained in 24 nerves (12 patients, bilaterally) and
were abnormal in seven nerves (seven patients, uni-
laterally) and normal in five symptomatic nerves
(five patients, unilaterally); they were also normal
in all 12 asymptomatic nerves (12 patients,
unilaterally).

Jaw-jerk reflex recordings were obtained in 22
nerves (11 patients, bilaterally) and were abnormal
in four nerves (four patients, unilaterally) and nor-
mal in seven symptomatic nerves (seven patients,
unilaterally); they were also normal in al 11
asymptomatic nerves (11 patients, unilaterally).

MR Imaging Findings

Eight of the 20 patients with unilateral symptoms
related to the trigeminal nerve had an abnormality
aong the course of the symptomatic trigeminal
nerve.

Five brain stem lesions were found, including
infarcts in the dorsolateral medulla oblongata in
three patients (in the midpons in or near the prin-
cipal trigemina nucleus in one patient) and hem-
orrhage in the midpons, which included the prin-
cipal nucleus in another patient. Three extraaxial
lesions were found, including inflammation of the
infraorbital nerve in the first patient, inflammation
of the trigeminal ganglion extending into the prox-
imal mandibular division in the second patient, and
a cerebellopontine angle cistern epidermoid in the
third patient.

No abnormalities were seen aong 12 sympto-
matic nerves (12 patients, unilaterally) or in any of
the 20 asymptomatic nerves (20 patients, unilater-
aly). Six of the 12 patients with negative MR im-
aging studies had similar clinical findings after 3 to
36 months (mean, 14 months), and one of these six
had a repeat MR imaging examination after 36
months, which was also negative. Four were lost to
follow-up, and two had no symptoms, one after 4
months and one after microvascular decompression
for trigeminal neuralgia
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Table 2: EMG versus MR imaging results in 40 trigeminal nerves
(20 symptomatic)

MR Imaging
+ - Total
EMG
+ 8 6 14
- 0 26 26
Total 8 32 40

+ indicate abnormal; —, normal. Sensitivity, specificity, negative
and positive predictive value, and accuracy of EMG in predicting MR
imaging results were as follows. sensitivity, 100% (8/8) (95% ClI:
63%—100%); specificity, 81% (26/32) (95% Cl: 64%—-94%); negative
predictive value, 100% (26/26) (95% ClI: 87%—-100%); positive pre-
dictive value, 57% (8/14) (95% Cl: 29%-82%); accuracy, 85% (34/
40) (95% Cl: 70%-94%).

EMG/MR Imaging Correlation

The results of the EMG/MR imaging correlation
of the 40 trigeminal nerves examined are summa-
rized in Table 2.

There were 14 positive EMG studies, corre-
sponding to eight positive and six negative MR im-
aging studies. Of the eight patients with positive
EMG and MR imaging studies, five had brain stem
lesions. In these five patients, lesion localization,
as demonstrated with EMG, corresponded well
with lesion localization as shown by MR imaging
(Figs 4 and 5). Three of these eight patients had
extraaxial lesions; EMG correctly identified these
lesions, but could not exactly localize the abnor-
malities as MR imaging did (Fig 6). In six patients,
EMG was positive and MR imaging was negative.
At clinical follow-up, three of these six patients had
similar symptoms after 5, 12, and 36 months, re-
spectively. One had a repeat MR imaging study,

TRIGEMINAL NERVE 1123

which was aso negative; the other three were lost
to follow-up. None of the trigemina nerves that
produced a negative EMG study showed a positive
MR imaging result. As compared with MR imag-
ing, EMG had a sensitivity of 100% (95% confi-
dence interval [Cl]: 63% to 100%), a specificity of
81% (95% CI: 64% to 93%), a positive predictive
value of 57% (95% ClI: 29% to 82%), and a neg-
ative predictive value of 100% (95% CI: 87% to
100%) (Table 2).

There was a high degree of agreement between
the observers with regard to the presence of an ap-
propriate lesion at EMG (k = .94) and at MR im-
aging (k = .92).

Discussion

Previous authors have shown that clinical local-
ization of atrigeminal nerve lesion is poor as com-
pared with MR imaging results and that the entire
course of the trigemina nerve should always be
visualized (4). The results of our study indicate that
electrodiagnostic testing of the trigeminal reflexes
can be used for improved lesion localization. EMG
of multiple trigeminal nerve reflexes can accurately
localize lesions in the brain stem because the tri-
geminal reflex circuits are located at different brain
stem levels—mesencephalon (jaw-jerk reflex); pons
(blink reflex-R1, masseter inhibitory reflex-SP1);
pontomedullary junction (masseter inhibitory re-
flex-SP2); and lower medulla (blink reflex-R2)—
enabling accurate assessment of these regions (5,
11, 12, 15, 16, 18, 20).

In six of our patients, EMG reflex studies were
positive and MR imaging studies were negative.
Very small lesions or impaired physiologic func-
tions may be found with trigeminal reflex testing,

Fic 4. Patient 2: 52-year-old man with a sensory deficit in the first, second, and third divisions of the left trigeminal nerve and a sensory
deficit on the right side of the body. Blink reflex recorded to left supraorbital nerve stimulation evoked a normal R1 response, whereas
R2 responses were bilaterally delayed. R1 and R2 reflex recordings to right supraorbital nerve stimulation were normal. This lesion
corresponds to the location of the left descending trigeminal tract and its nucleus in the dorsolateral part of the medulla oblongata. Axial
T2-weighted MR image confirms the presence and location of the lesion in the left dorsolateral part of the medulla oblongata (arrow).
Fic 5. Patient 3: 56-year-old woman with a sensory deficit in the second division of the trigeminal nerve. Blink reflex recorded to left
supraorbital nerve stimulation showed the R1 to be absent and the R2 components delayed bilaterally. This lesion corresponds to the
location of the left principal sensory nucleus in the pons with involvement of the descending trigeminal tract. Axial T2-weighted MR
image (3500/90) confirms the location of the lesion in the left lower dorsal half of the pons, including the region of the left principal
sensory nucleus (arrow).
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Fic 6. Patient 13: 25-year-old woman with pain in the first trigeminal division. Sensory loss was found in all three trigeminal divisions,
and oculomotor, abducens, and facial nerve palsies were present. Blink reflex recorded to left supraorbital nerve stimulation showed a
delayed R1 and normal R2 components. The left jaw-jerk reflex response was absent. The left masseter inhibitory reflex showed an
afferent delay (ie, a bilateral delay of the first and second silent periods). All reflex responses were normal after stimulation of the right
side. The abnormal reflex findings corresponded to a proximal trigeminal nerve lesion, probably at the root level.

A and B, Axial (A) and coronal (B) contrast-enhanced T1-weighted MR images show enhancement and thickening of the trigeminal
ganglion and proximal third division of the trigeminal nerve in the foramen ovale (arrows). Follow-up MR imaging studies (not shown)
and clinical findings showed resolution of the abnormalities, indicating an inflammatory lesion.

even though structural abnormalities cannot be de-
picted with MR imaging (20, 21). This may explain
the relatively high number of positive (6/14) EMG
findings relative to MR imaging results in our
study. We postulate that in some of these patients
the lesions were too small to be seen with MR im-
aging. Probable causes for the trigeminal nerve def-
icits in these patients are microinfarctions in the
brain stem, ischemia of the nerve itself, viral in-
flammation, and autoimmune disorders (10, 22,
23).

Previous investigators have noted that EMG can
distinguish between idiopathic trigeminal neuralgia
(ie, neurovascular) and symptomatic trigeminal
neuralgia (ie, due to a structural cause, such as ne-
oplasms or multiple sclerosis) (8, 24). Cruccu et a
(24) recorded the trigemina reflexes, including
blink, masseter inhibitory, and jaw-jerk, in 30 pa
tients with idiopathic trigeminal neuralgia and in
20 patients with symptomatic trigeminal pain. Of
the 30 patients with idiopathic trigeminal neuralgia,
only two showed dlight delays of short-latency re-
flexes. In the other 28 cases, the trigeminal reflexes
were completely normal. These results correspond
well with the negative EMG studies in the patient
with trigeminal neuralgiain our study. In the study
by Cruccu and coworkers, al the patients with
symptomatic trigeminal pain had trigeminal reflex
abnormalities (24).

The results of our study indicate that EM G reflex
studies can play a role in the preselection of pa-
tients with trigeminal nerve dysfunction who are
referred for MR imaging. The high negative pre-
dictive value of EMG suggests that if a normal
EMG result is obtained, it is unlikely that MR im-
aging will show a structural cause for the symp-
toms and is therefore not required for this purpose.
Nonetheless, the high sensitivity and negative pre-
dictive value of EMG in predicting MR imaging

results in our study may be due to selection bias of
the patients in this retrospective study. The preva-
lence of positive MR imaging studies was relative-
ly low in our series (abnormalities found in 40%
of al patients and in 20% of all nerves examined)
as compared with a previous study of 112 consec-
utive patients who underwent MR imaging for
symptoms and signs related to the trigeminal nerve
(6). In that study, abnormalities along the trigemi-
nal nerve were found in 68 patients (61%) (6). Fur-
thermore, to compare EMG reflex and MR imaging
studies of the trigeminal nerve in a blinded manner,
the trigeminal nerves of the clinically normal sides
were also included in our study, which contributed
to the low prevaence.

To our knowledge, assessment of interobserver
variability of EMG reflex studies of the trigeminal
nerve has not been performed previously. The good
interobserver agreement for MR imaging we ob-
tained corresponds to the results of a previous study
(6). The high « values for both the EMG reflex
studies and the MR imaging examinations indicate
that these are both robust tests for evaluating tri-
geminal nerve lesions.

Conclusion

Our data suggest that EMG of the trigeminal re-
flexes can be used to exclude structural lesions and
to localize accurately lesions of the trigeminal sys-
tem in the brain stem. When a lesion is localized
in the brain stem with EMG reflex studies, a more
tailored MR examination of this region might be
sufficient. We recognize, however, that our study
represents preliminary work and that a large pro-
spective study is warranted to validate these
conclusions.
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