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Abstract

The subject of this study is the electromyographic investigation of the velopharyngeal sphinc-
ter structures. Seventy-five patients underwent examination, both patients with symptoms of
velopharyngeal insufficiency and patients who were thought to have latent pathological sphinc-
ter changes based on local findings. A control group of 10 healthy examinees was also investi-
gated. On the basis of electromyographic findings we divided patients into 2 groups: 57 patients
without neuromuscular disorders and 18 patients with neuromuscular disorders of the velopha-
ryngeal sphincter. Twelve patients from the latter group had acute, and 6 had chronic lesions of
the velopharyngeal sphincter. Particular cases of illness within these 2 groups were investigated
further. This study shows the usefulness of electromyography for diagnosing the exact causes of
velopharyngeal insufficiency and for choosing the best approach to treatment.
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The subject of this study is the electromyo-
graphic investigation of the velopharyngeal sphin-
cter structures. Seventy-five patients under-
went examination, both patients with symptoms
of velopharyngeal insufficiency and patients who
were thought to have latent pathological sphin-
cter changes based on local findings. A control
group of 10 healthy examinees was also inves-
tigated. On the basis of electromyographic
findings we divided patients into 2 groups: 57
patients without neuromuscular disorders and
18 patients with neuromuscular disorders of the
velopharyngeal sphincter. Twelve patients from
the latter group had acute, and 6 had chronic
lesions of the velopharyngeal sphincter. Particu-
lar cases of illness within these 2 groups were
investigated further. This study shows the use-
fulness of electromyography for diagnosing the
exact causes of velopharyngeal insufficiency and
for choosing the best approach to treatment.

Key words: electromyography, velopharyngeal sphin-
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he velopharyngeal sphincter (VPS) is formed by
the structures of the soft palate and the corre-
sponding parts of the lateral and posterior pharyngeal wall.
When necessary, the communications between the nose
and pharynx, or the nose and lower airway are reduced or
closed by sphincter contraction. Thus, food is prevented
from entering the nose, and airflow from the pharynx into
the nose is regulated. Normal anatomical structure and
adequate functioning of the associated musculature (1) are
necessary for the VPS to function correctly.
Velopharyngeal sphincter insufficiency (VPI) and its
most significant symptom hypernasality, or even regur-
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gitation of food can be the result of anatomic anomalies
of the sphincter structures, neuromuscular disturbances
of the sphincter muscles, or a combination of these
causes.

A number of investigative methods are used in the
diagnosis of patients with VPI. Clinical and radiological
methods as well as endoscopy are most often used (2-11).

The clinical features of VPI caused by anatomical
abnormalities and VPI caused by neuromuscular dis-
orders are very similar, sometimes even identical. It is
not possible to differentiate between the causes of the
insufficiency using the diagnostic methods mentioned
above. These methods only reveal the morphological
changes in the sphincter structure during activity or at
rest (12-18).

The aim of this study is to produce criteria whereby
the physician can differentiate between the different
etiologies of VPI by examining the electromyographic
features of the VPS. In doing so, we hope to demon-
strate the usefulness of electromyography (EMG) for the
diagnosis of VPL.

Materials and Methods

An Amplaid EMG 15 electromyograph (Milan, Italy)
and concentric needle electrodes were used for the EMG
of the VPS muscles. The EMG data were recorded and
stored in an IBM personal computer.

During the last 12 years, EMG of the VPS was
performed on 75 of our patients, aged 1 month to 15
years. These patients included patients with symptoms of
VPI (hypernasality or regurgitation of food through the
nose), and patients who based on local clinical findings
were thought to have latent pathological changes of the
VPS (shorter, less movable palate). As a control, we
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also performed EMG of the VPS on 10 normal individ-
uals, aged 7 to 19 years. The results of both groups were
compared.

Epimucosal anaesthesia was used in most patients
(17). Electromyographic activities of the sphincter muscle
were registered systematically. Electrodes were first ap-
plied to several points of the soft palate. Particular
attention was paid to the examination of levator dimple
area (dimple forming on the soft palate with the contrac-
tion of m. levator), the posterior half of the palate, and
the area along the medial line of the palate. The depth of
the electrode puncture was up to 10mm. Furthermore,
the activities of the posterior palatopharyngeal arc, lateral
and posterior wall of the pharynx at the level of the palate
were examined with 2-3 punctures (at a depth of 2-3
mm).

Electromyographic activities were recorded while the
examinee was pronouncing the sounds a” and “‘e”, and
in small children while they were crying.

The following electromyographic features of the VPS
were analyzed: Pattern during relaxation; pattern during
voluntary movement (vocalization); analysis of motor unit
action potentials; and mapping of activity (searching for
an area of no apparent electrical activity, known as a
“silent zone™). In analysis of motor unit action potentials
we analyzed the following: Amplitude (range); duration
(range); discharge frequencies of individual units; and
percentage of polyphasic potentials (potential in which the
base line is crossed more than 4 times).

Results

By examining the different aspects of the electro-
myographs of the VPS mentioned in the Materials and
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Methods section, we arrived at criteria for distinguishing
between the normal VPS, VPS with acute lesions, and
VPS with chronic lesions (Table 1). The electric potential
parameters of the posterior pharyngeal wall, soft palate
and posterior tonsillar arc were calculated separately.

The normal VPS had the following electromyographic
features: During relaxation, there were no signs of elec-
trical activity; during vocalization, there were mixed or
interference-pattern electrical potentials; amplitude range
of motor unit action potentials was within 150-900 1V,
and their duration range was 3-5ms; the percentage of
polyphasic potentials was less than 12 % (Fig. 1). The
electrical potential characteristics of the posterior pharyn-
geal wall and posterior tonsillar arc corresponded to those
of the soft palate. Only the amplitude of the motor unit
action potentials was much lower (range 50-150 V).

Acute neurogenic lesions of the soft palate had the
following characteristics: Fibrillations and positive sharp
waves during relaxation; discrete activity or reduced
interference pattern during vocalization; amplitude range
of motor unit action potentials was within 100-350 'V,
and their duration range was within 3-5ms; the percent-
age of polyphasic potentials was more than 12 % (Fig. 2).

Soft palate chronic neurogenic lesions had the follow-
ing characteristics: Fibrillation and positive sharp waves
during relaxation; reduced interference pattern and in-
creased discharge frequencies of individual units during
vocalization; amplitude range of motor unit action poten-
tials was within 100-2,000 £V, and their duration range
was within 4-7ms; the percentage of polyphasic poten-
tials was more than 12% (Fig. 3). We recorded no
pathological neuromuscular activity of the posterior pha-
ryngeal wall and posterior tonsillar arc during our investi-
gation.

Table | Electromyography criteria for differetiating the normal velopharyngeal sphincter (VPS), VPS with acute lesions and VPS with chronic
lesions

Normal VPS Acute lesion Chronic lesion
Pattern during relaxation No activity Fibrillation and positive Fibrillation and positive sharp

Mixed pattern or interference
pattern

Pattern during voluntary
activation (vocalization)
Motor unit action potentials

Amplitude range 150-900 .V
Duration range 3 5ms
Percentage of polyphasic <12

potentials (> 4 phases)

waves
Reduced pattern, increased
discharge of individual units

sharp waves
Discrete activity or reduced
interference pattern

100-350 w1V 100 2,000V
3-5ms 4-Tms
> 12 > 2
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Fig. ! Normal electromyographic findings of the soft palate (pa-
tient of the control group).
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Fig. 2 Acute neurogenic lesion of the soft palate (idiopathic
paresis of half of the soft palate).
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Fig. 3 Chronic neurogenic lesion of the soft palate (permanent soft

palate paresis following tonsillectomy).
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On the basis of electromyographic findings, the pa-
tients were divided into 2 basic groups as follows:

Group 1: Patients without neuromuscular
disorders.  Fifty-seven patients were included in this
group, none of whom were shown to have neurogenic
lesions of the sphincter by EMG.

By further examination and systematic insertion of
electrodes into particular sphincter structures, we noted
areas without electromyographic activity, so-called “silent
zones”’ without muscular structures, in 17 patients. Four
types of “silent zones” can be distinguished according to
their location, each of which corresponds to a specific
pathological condition.

Eleven patients had triangular “silent zones” in the
middle of their soft palates (submucosal or occult sub-
mucosal cleft palate) (18-20). Three patients had “silent
zones” in the posterior third of their soft palates (short ie.
hypoplastic palate) (2). Two patients had “silent zones” in
irregularly located areas of the soft palate (associated with
scar tissue) which developed after surgery on the palate
(22). And in 1 of our patients, we used EMG to reveal
the lack of muscle in the palatopharyngeal arc (aplasia of
the palatopharyngeal muscle) (23). Using EMG, we
could not prove with certainty anatomic anomalies of VPS
in other patients. In our opinion, these are marginal cases
or patients in which hypernasality belongs to the phonia-
tric domain.

Group 2: Patients with neuromuscular
disorders.  The second group which we would like to
discuss in detail contained 18 patients with neurogenic
lesions of the soft palate; 12 with acute and 6 with
chronic lesions (Table 2).

Acute neurogenic lesions were found in 6 patients with
hypernasal speech following tonsillectomy. EMG was
performed 8 days post surgery. Lesions were bilateral in
2 patients, and unilateral in 4. After 3 weeks, they all
showed normalization of speech and normal EMG find-
ings.

Acute neurogenic lesions were found also in 4 patients
with so-called “idiopathic transitory paresis” of the palate.
Three patients had unilateral lesions, while 1 patient had
a symmetrical lesion. All 3 patients with unilateral paresis
completely recovered. Three months from the onset of
the first symptoms in the patient with symmetrical palatal
paresis we registered signs of a chronic neurogenic lesion.

In 2 of our patients with acute neurogenic lesion of
half of the palate, these lesions were only the first symp-
toms of a bulbar brain tumor (the EMG findings were
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Table 2  Causes of neurogenic lesions of velopharyngeal sphincter
in our patients

Number of patients

QW — NN BN

Acute neurogenic lesions

Idiopathic paresis

Paresis following tonsillectomy

Paresis due to bulbar brain tumor
Chronic neurogenic lesions

Idiopathic paresis

Paresis following tonsillectomy

Paresis following palatoplastics
Total number of patients

consistent with those of an acute lesion of the soft palate).

A chronic neurogenic lesion was found in 1 patient
with hypernasality following tonsillectomy (EMG was
performed 9 years after surgery). Identical findings were
noted in 3 patients with hypernasality after palatoplastic
surgery. The lesions were found in different areas of the
palate.

Two patients showed chronic neurogenic lesions of
unknown cause. One had a unilateral and the other a
symmetrical lesion.

Three infants formed a special group, in which regur-
gitation through the nose accompanied by swallowing
disorders was the only symptom. Using EMG, signs
showing either anatomic anomalies or neurogenic lesions
of the VPS were not found. These findings are believed
to indicate supranuclear disorders of the central nervous
system.

Discussion

VPI has two main causes: Anatomical abnormalities
of the VPS (with normal muscular functioning) and
neuromuscular disorders of the VPS. The clinical fea-
tures of both of these types of VPI may be very similar
or even identical in many cases.

In the present study, we performed EMG on a
significant number of patients with VPS dysfunction. By
examining the EMG features of these patients, we arrived
at criteria for distinguishing between the normal VPS,
VPS with acute lesions and VPS with chronic lesions.
Earlier studies on this subject were performed on smaller
groups of patients. These studies describe the normal
EMG features of specific structures of the VPS and some
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anatomical abnormalities (13-15, 17, 22, 23).

By recognizing the different EMG characteristics of
VPI induced by neuromuscular abnormalities and VPI
induced by anatomical abnormalities, the physician will be
able to choose the optimum treatment in each case.

Acute neurogenic lesions of either half or all of the
palate require further neurological analysis to determine
whether the condition is idiopathic paresis or a symptom
of another neurological disorder.

By EMG analysis of acute or chronic neurogenic
lesions which developed after tonsillectomy in our pa-
tients, we could eliminate abnormalities of the sphincter
structure as a cause of post-operative hypernasality. By
EMG analysis of chronic neurogenic lesions which devel-
oped after plastic surgery in our patients, we could
eliminate inadequate surgical techniques as a cause of
VPIL. We could also determine whether neuromuscular
disorder was reversible or irreversible.

Furthermore, by performing EMG on cases with
chronic neurogenic lesions, we could differentiate real
paresis from pseudoparesis of the palate caused by occult
anomalies. Lastly, using EMG, we were able to differen-
tiate paresis of half the palate from congenital asymmetry
of the palate.

References

Cotton R and Nuwayhid SN: Velopharyngeal insufficiency; in Pediatric
Otolaryngology, Bluestone CD and Stool SE eds, WB Saunders, Phila-
delphia (1983) ppl521 1541.

2. Matsuya T, Miyazaki T and Yamacka M: Fiberscopic examination of
velopharyngeal closure in normal individuals. Cleft Palate J (1974) 11,
286-291.

3. McWilliams BJ, Glaser ER, Philips BJ, Lawrence C, Lavorato AS,
Beery QC and Skolnick ML: A comparative study of four methods of
evaluating velopharyngeal adequacy. Plast Reconstr Surg (1981) 68, |

10.

4. Croft CB, Shprintzen RJ and Rakoff SJ: Patterns of velopharyngeal
valuing in normal and cleft palate subjects: A multi-view videofluoro-
scopic and nasendoscopic study. Laryngoscope (1981) 91, 265-271.

5. Pannbacker M, Lass NJ, Middleton GF, Crutchfield E, Trapp DS and
Scherbick KA: Current clinical practices in the assessment of velopha-
ryngeal closure. Cleft Palate J (1984) 21, 33 37.

6. Barr LL, Hayden CK Jr, Hill LC and Swischuk LE: Radiographic
evaluation of velopharyngeal incompetence in childhood. AM J Roent-
genol (1989) 153, 811-814.

7. Shprintzen RJ and Golding-Kushner KJ: Evaluation of velopharyngeal
insufficiency. Otolaryngol Clin North Am (1989) 22, 519-536.

& Isberg AM and Henningsson GE: Intraindividual charge in the occur-

rence of Passavant’s ridge due to charge in velopharyngeal sphincter

function: A videofluoroscopic study. Cleft Palate J (1990) 27, 253-

257.

Marraco M, Traissac | and Michelet FX: Complementary tests in the

evaluation of velar insufficiency. Rev Laryngol Otol Rhinol (1990) 111,

[La}



Velepic et a.: Therole of electromyography in the diagnosis of

June 1999
393-395.
10.  Pannbacker M, Lass NJ, Middleton GF, Crutchfield E, Trapp DS and

Scherbick KA: Current clinical practices in the assessment of velopha-
ryngeal closure. Cleft Palate J (1984) 21, 33 37.

Bell-Berti F: An electromyographic study of velopharyngeal function in
speech. J Speech Hear Res (1976) 19, 225-240.

Hathaway RR: A comparison of transverse and vertical pharyngeal
flaps using electromyography and judgements of nasality. Cleft Palate
J (1980) 17, 305-308.

Hairstone LE and Sauerland EK: Electromyography of the human
palate: Discharge patterns of the levator and tensor veli palatini.
Electromyogr Clin Neurophysiol (1981) 21, 287-297.

Kuehn DP, Folkins JW and Cutting CB: Relationship between muscle
activity and velar position. Cleft Palate J (1982) 19, 25-35.

Kuehn DP, Folkins JW and Linwille RN: An electromyographic study of
the musculus uvulae. Cleft Palate J (1988) 25, 348-355.

Kuehn DP, Moon JB and Folkins JW: Levator veli palatini muscle
activity in relation to intranasal air pressure variation. Cleft Palate
Craniofac J (1993) 30, 361-368.

Rees TD, Wood-Smith D, Swinyard CA and Converse JM: Electromyo-
graphic evaluation of submucous cleft palate: A possible aid to
operative planning. Plast Reconstr Surg (1967) 40, 592-594.

Kaplan EN: The occult submucous cleft palate. Cleft Palate J (1975)
12, 356-368.

Lewin ML, Croft CB and Shprintzen RJ: Velopharyngeal insufficiency

Produced by The Berkeley Electronic Press, 1999

20.

21.

22.

23.

24.

25.

26.

27.

Electromyography and Velopharyngeal Closure 131

due to hypoplasia of the musculus uvulae and occult submucous cleft
palate. Plast Reconstr Surg (1980) 65, 585-591.

Mos AL, Jones K and Pigott RW: Submucous cleft palate in the
differential diagnosis of feeding difficulties. Arch Dis Child (1990) 65,
182-184.

Trier WC: Velopharyngeal incompetency in the absence of overt cleft
palate: Anatomic and surgical considerations. Cleft Palate J (1983)
20, 209-217.

Choh-Luh LI and Lundervold A: Electromyographic study of cleft
palate. Plast Reconstr Surg (1958) 21, 27-32.

Trigos |, Ysunza A, Vargas D and Vasquez MC: The San Venero
Roselli pharyngoplasty: An electromyographic study of palatopharyn-
geus muscle. Cleft Palate J (1988) 25, 385 388.

Croft CB, Shprintzen R} and Ruben RJ: Hypernasal speech following
adenotonsillectomy. Otolaryngol Head Neck Surg (1981) 89, 179-188.
Paradise JL: Tonsillectomy and adenoidectomy. Pediatr Clin North Am
(1981) 28, 881-892.

Witzel MA, Rich RH, Margar-Bacal F and Cox C: Velopharyngeal
insufficiency after adenoidectomy: An 8-year review. Int J Pediatr
Otorhinolaryngol (1986) 11, 15-20.

Davison PM, Razzell RE and Watson AC: The role of pharyngoplasty in
congenital neurogenic speech disorders. Br J Plast Surg (1990) 43,
187-196.

Received April 1, 1998; accepted March 8, 1999.



