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The reliability and validity of data about velopharyngeal function
obtained with the nasopharyngeal fiberscope was assessed in normal
subjects. The experimental design included data reduction proce-
dures that are likely to have clinical utility (clinical ratings). The
results indicated that relative velar movement and size of the
velopharyngeal port may be reliably and validly estimated using the
procedures. However NPF estimates of lateral pharyngeal wall
movement were not reliable. Finally, the data indicated that velar
movement and size of V-P port were consistent within subjects and
tasks across data collection sessions. Data about consistency of
lateral wall movement across sessions was inconclusive, however.
Additional research involving similar procedures with subjects who

have morphologic deficits is indicated.

A previous report (Ibuki, Karnell, and
Morris, 1983) described the nasopharyn-
geal fiberscope (NPF), its stability of place-
ment for assessing velopharyngeal func-
tion, and some information about reliabil-
ity and validity of NPF findings when they
are analyzed by measurement. Those stud-
ies indicated that, with the criterion of ac-
ceptability of the NPF view that all bound-
aries of the velopharyngeal mechanism are
visible in a single NPF view, the fiberscope
can be placed on repeated occasions in a
reliable fashion. The data also indicated
that the reliability of a trace-and-measure
method of analysis is satifactorily high, ex-
cept for determination of left lateral pha-
ryngeal wall movement. This exception
may be an artifact of our practice of insert-
ing the fiberscope in the right nostril (into
the right nasal passageway).
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In addition the previous findings indicate
that, using measurements from lateral x-
ray films (cinefluoroscopy) as the outside
criterion, NPF measurements of velopha-
ryngeal port size and velar movement can
be considered valid.

The trace-and-measure method of anal-
ysis is not satisfactorily practical in most
clinical settings, since it requires prepara-
tion of the NPF view in the form of pho-
tographic transparency and subsequent
projection of the transparency prior to trac-
ing and measurement. All this is time-con-
suming and constitutes a real limitation to
clinical usefulness. It seems reasonable to
assume that, to be clinically useful, the NPF
procedure must be standardized such that
reliable and valid judgments about velo-
pharyngeal function can be made during
an examination that is sufficiently brief to
be time and cost effective. The purpose of
this study was to take an initial step toward
determining the efficacy of such proce-
dures by estimating the reliability and va-
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lidity of clinical ratings applied to the anal-
ysis of still NPF photographs of the velo-
pharynx.

Methods

PrROCEDURE. The equipment, data collec-
tion, procedures, subjects and films (NPF
and lateral cinefluoroscopic) used in this
study are the same as those described in
our previous report (Ibuki et al., 1983).
Briefly, the Olympus nasopharyngeal fiber-
scope (NPF Type S3), with cold light sup-
ply, was coupled to a 35 mm still camera
with a mounting adapter, to obtain photo-
graphs of the NPF views. The fiberscope
was inserted through the right nostril fol-
lowing application of a spray surface anes-
thesia (4% Lidocaine solution) to the nasal
cavity. The fiberscope was positioned to
provide, in a single NPF view, all bounda-
ries of the velopharyngeal port. After the
fiberscope was properly positioned it was
stabilized by a clamp just anterior to the
patient’s nostril.

The subjects were also prepared for lat-
eral cinefluoroscopy filming which was per-
formed simultaneously with the NPF films.
Obviously other radiographic views, such
as multi-view procedures, would be more
useful than lateral views for the purposes
of this study, but were not available. Phil-
lips equipment was used with a fluoroscopic
image intensifier. The subjects were posi-
tioned for mid-sagittal films including head
stabilization with a conventional cephalos-
tat. Appropriate shields were placed for
protection of eyes, thyroid, and gonads.
The microphone for recording the speech
signal was positioned such that the shutter
click from the NPF camera was also re-
corded on the sound track of the cine film.
Identification of the cinefluoroscopic film
frames that were exposed simultaneously
with the NPF films was then possible by
locating the sound of the shutter click on
the sound track. The cine films exposed
while the NPF camera shutter was open
were used in the analysis.

Subjects were four adults (three females
and one male) who had no evidence or
history of speech production disorders or
congenital or acquired orofacial or nuer-
ologic anomalies. The decision to use nor-

mal subjects was based on the assumption
that normal velopharyngeal structures
would be less variable than the velopharyn-
geal structures of subjects with morpho-
logic abnormalities. Since our goal was
solely to estimate reliability and validity of
NPF assessment procedures that are likely
to be conducive to clinical settings, evalua-
tion of the procedures with clinical patients
was left for subsequent investigations.

Subjects performed the following tasks;
quite nasal inspiration, /n/, /i/, /a/,
/u/,/s/, /o/, and soft blowing, in that
order. They were instructed to inspire be-
tween each task in order to allow the velo-
pharyngeal mechanism to return to rest
position. The subjects practiced the exper-
imental tasks prior to filming. During film-
ing they were instructed by cue cards.

All subjects were filmed by simultaneous
NPF and cinefluoroscopic procedures on
the first data collection day. On the same
day, the NPF procedures alone were re-
peated. On a second day (at least one week
later) simultaneous NPF and cine films
were again taken and, again, NPF films
alone were repeated. On a third day (at
least one week later), NPF films alone were
obtained for two subjects. These various
data collection combinations permitted ex-
amination of reliability and validity in a
manner that minimized radiation exposure
to the subjects. Estimated dosage of x-ray
by our standard methods of computation
was approximately 1.2 rad per subject.

DATA REDUCTION AND ANALYSIS OF NPF
FiLms. In order to help the reader visualize
the rating system developed for this study,
the velopharyngeal mechanism is illus-
trated schematically as a rectangle (Figure
1) with the four sides representing the
velum, rlght and left pharyngeal walls, and
the posterior pharyngeal wall. In the NPF
view, the velum was at the bottom, and the
other structures were located accordingly.
A four point rating scale was employed in
order to estimate velar displacement, lat-
eral wall displacement, and velopharyngeal
port size.

Rating scales for velar (NVM) and lateral
wall (NLW) displacement ranged from —1
to +2. A value of zero (0) was assigned for
velar and lateral wall positions during quiet
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FIGURE 1. Photographic and schematic representation of the velopharynx, as viewed trom above, illus-

trating the rating scales used in this project.

inspiration. A value of plus one (+1) was
assigned for moderate displacement to-
ward closure and plus two (+2) was as-
signed for marked displacement toward
closure. A value of negative one (—1) was
assigned for displacements away from clo-
sure.

The scale for velopharyngeal port size
(NVP) ranged from zero to plus three. Zero
(0) was assigned when there was no visible
opening. Plus one (+1), plus two (+2), and
plus three (+3) were assigned for slight,
moderate, and marked openings, respec-
tively.

All ratings were assigned relative to the
position of the structures during quiet in-
spiration. NPF films for quiet inspiration
were given a mandatory assignment of
NVM = 0, NLW =0, and NVP = +2. All
ratings were made relative to these (Figure

2).

Investigations involving patients with
pathological velopharyngeal mechanisms
will need to consider posterior pharyngeal
wall displacement. This measure was not
included in the analysis of the normal sub-
jects included in this investigation. In ad-
dition, for the purposes of this study, we
assumed symmetry of lateral pharyngeal
wall movement (Iglesias, Kuehn, and Mor-
ris, 1980).

TRAINING THE JUDGES. The four judges
used in this investigation represented a
range of familiarity with NPF procedures
and findings. Two were speech pathologists
who are highly experienced in cleft palate
diagnosis and treatment but who had only
limited experience with velopharyngeal ex-
amination using the fiberscope prior to this
study. The other two, an oral surgeon and
a Ph.D. student in speech pathology, had
extensive experience with the fiberscope
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FIGURE 2. Examples of ratings assigned to various velopharyngeal configurations as viewed by NPF.

and endoscopy prior to the study. The
latter two judges also performed the cine
tracings and measurement (in this capacity
they are identified as tracers in subsequent
text).

Immediately prior to the rating session,
all four judges viewed a series of nine pro-
jected color transparencies (slides) that
were developed from one subject’s NPF
photos. The NPF slides for the subject who
most clearly displayed lateral pharyngeal
wall movement (as judged by the first au-
thor) were chosen for the training proce-
dures. The view of the velopharyngeal
mechanism during quiet inspiration for
that subject was presented first and de-
clared baseline for that subject. This base-
line slide remained on display, side-by-side,
as the other NPF slides for the training set
were displayed. This method of presenta-
tion was then used during all subsequent
experimental rating procedures.

During the training session, ratings were
given verbally by each judge, the initial
rating rotating from judge to judge
throughout the series. Such rotation of the
initial rating was intended to eliminate the

biasing influence likely to occur if the same
judge made the initial rating on all slides.
Any discrepancies in the ratings between
the judges were discussed and debated until
at least three of the four judges were in
agreement for each slide.

NPF RATING PROCEDURES. Immediately
after the training activity, the first set of
experimental NPF slides was presented in
random order (a “set” is comprised of all
NPF films for a single subject, during a
single session). The procedure for each ex-
perimental set was the same as that for the
training set except that each judge re-
corded ratings on a previously devised rat-
ing form, without consultation with the
other judges. Each set of experimental NPF
slides contained three duplicate slides
which were used to estimate intrajudge re-
liability.

DATA REDUCTION AND ANALYSIS OF CI-
NEFLUOROSCOPY FILM. The procedure for
cine film analysis was similar to that de-
scribed by Moll (1960) and Seaver (1978).
Cine film frames that corresponded with
the NPF films were identified by the evi-
dence of the NPF camera shutter click on
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FIGURE 3. Illustration of the templates and measurements for lateral cinefluoros-
copy.

the sound track. Templates for the rest TABLE 1. Summary of Collected Data Sets for
position were prepared, and distances were  Each of the Four Subjects
mfl:asured from rest g%slivtlion fOIi max}iln}u}rln S#1 S#2 S#3 S#4
velar excursion ( ), velar height Day 1 NPF NPF NPF NPF
(CVH), and minimum velopharyngeal port + + + +
size (CVP) (Figure 3). Set 1 Cine Cine Cine Cine
Results Dayl NPF  NPF  NPF  NPF

Due to poor film quality, cine films for  Set2 Only Only Only Only
subjects one taken during day 2 and NPF .
films for subjects two and three taken dur- D2y 2 N_l:F Nl_),_F Nl:_F* N.'l?F
ing day 2 were excluded from the analysis. o : . .
A summary of the data sets collected is Set3  Cine Cine Cine Cine
presented in Table 1. Day3  NPF NPF

RELIABILITY OF NPF RATINGS. Pearson  gq 4 Only Only

product-moment correlations were com-
puted to determine how the ratings of each
judge agreed with those of each of the
other three judges (interjudge reliability).
Those correlation coefficients, presented
in Table 2, indicated relatively high agree-

* Quality insufficient for analysis.

ment for the ratings of velar movement
(.74 to .92) and for velopharyngeal port
size (.76 to .92), but indicated less agree-
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ment for lateral wall movement (.32 to .66).

Coefficients were computed also to eval-
uate intrajudge reliability (repeated judg-
ments about the same NPF view). These
coefficients were based on data for each
parameter, all judges combined, and were
as follows: NVM, .98; NLW, .94; and NVP,
.97. The relatively high coefficient for lat-
eral wall movement indicated high consist-
ency of rating within judges in spite of the
apparent ldck of consistency on this param-
eter between judges.

RELIABILITY OF CINE MEASUREMENTS.
As described previously, in this study, each
cine frame was traced by each of two
tracers  independently.  Measurements
taken from the two sets of tracings were
used to estimate the reliability of these
measurements. The correlation coeffi-
cients computed for each variable between
the two tracers were .88 for velar move-
ment (CVM), .86 for size of velopharyngeal

TABLE 2. Correlation Coefficients Estimating
Interjudge Reliability for NPF Ratings (n = 109).

b NVM NLW NVP
1vs2 .82 .52 .82
1vs3 .88 .32 .85
1vs4 .92 .34 91
2vs3 .74 .32 .76
2vs 4 .80 .39 77
3vs4 91 .66 .92

port (CVP), and .71 for velar height
(CVH). Intrajudge reliability was not esti-
mated.

VALIDITY OF NPF FINDINGS. The validity
of the velar displacement and velopharyn-
geal port size ratings as assessed by NPF
was estimated by comparing these ratings
with the measurements of velar movement
and velopharyngeal port size from the lat-
eral cine tracings (Table 3). Data collected
on day one were employed for this analysis,
for each comparison by pairing the cine
measurement made by each of the two
tracers with NPF ratings obtained from
each of the four judges. High correlations
(defined arbitrarily at .75 or higher) be-
tween these two methods of evaluating
velopharyngeal function were considered
necessary in order to support the validity
of the NPF methods.

Velar Movement (NVM vs CVM ). The cor-
relation between velar movement as as-
sessed with NPF rating scale and velar
movement as assessed with the cine meas-
urements was acceptably high (.82 to .95).
Assessment of velar movement using the
nasopharyngeal fiberscope may be consid-
ered valid on the basis of this high level of
agreement between NPF ratings and cine
measurements.

Velopharyngeal Port Size (NVP vs CVP).
The validity of the NPF technique for as-
sessing relative size of the velopharyngeal

TABLE 3. Correlation Coefficients Estimating Validity of NPF Ratings Based on Comparisons Between
NPF Judges (1, 2, 3, 4) and Cine Tracers (1, 2") (n = 32).

NPF Ratings vs. Cine Measurements
(by judges 1, 2, 3 and 4 and tracers 1'2")

1-1' 1-2' 2.1 2-2’ 31 3-2' 4-1' 4-2'
NVM
Vs .90 .95 91 .89 .84 .82 .92 .94
CVM
NVP
Vs .69 73 71 73 77 .84 .80 .87
CVP
NVM
Vs 91 91 .89 .88 .86 .85 .93 .93
CVH
NVM
] -.91 -.94 =77 —.83 —.89 —.86 -.87 -.92
CVP
NVP
—.83 —.84 -.83 =79 -.91 —.92 —.92 -.93

Vs
CVM




port does not appear to be as strongly sup-
ported as was that for velar movement.
Four of the eight comparisons resulted in
correlation coefficients which fell below the
.75 acceptance level, and only three of the
eight were above .80.

Velar Movement vs Velar Height (NVM vs
CVH). NPF validity is supported by the high
correlation between velar movement as as-
sessed by the NPF procedures and velar
height as measured from the cine tracings.
The correlation coefficients for this com-
parison ranged from .85 to .93.

The correlation between these two vari-
ables emphasizes that the vertical compo-
nent of velar trajectory (velar height),
which cannot be viewed directly using the
type of NPF view obtained in this investi-
gation, is interrelated with anterior-to-pos-
terior component of velar movement,
which can be directly viewed with the NPF.
It seems reasonable to conclude that a high
rating of velar displacement as assessed
with the NPF is associated with increased
velar height in the subjects used in this
investigation.

Velar Movement vs Velopharyngeal Port Size
(NVM vs CVP). The correlation coefficients
computed for comparisons between NVM
and CVP indicate a high negative relation-
ship between these variables as would be
expected. The correlations produced val-
ues that ranged from —.77 to —.94. These
results may also be interpreted as support-
ing the validity of the assessment of velar
movement by NPF.

Velopharyngeal Port Size vs Velar Movement
(NVP vs CVM). Given the high negative
correlation between NVM and CVP, a high
negative relationship between NVP and
CVM would also be expected. As indicated
in Table 3, such a relationship did exist
between these variables. The correlation
coefficients ranged from —.79 to —.93, fur-
ther supporting the validity of NPF assess-
ment.

NPF Validity Based on Pooled Data. The
computations for the previous considera-
tion of NPF validity were based on 32
samples of NPF ratings and cine measure-
ments for each comparison. In an effort to
increase the power of the correlations, the
analysis procedures were modified so that
the number of samples for each comparison
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was increased. The ratings of NPF judges
three and four were combined and com-
pared with the combined cine measure-
ments from tracer one and tracer two.
These pairings were selected because raters
three and four were most consistently in
high agreement with each other in the pre-
vious analyses (Table 2). By pooling the
data, a total of 64 samples was included in
each comparison. The description of the
results of these comparisons follows.

The correlations between the NPF and
cine variables in the pooled data analysis
(Table 4) appear very similar to those re-
ported for the smaller sample size (Table
3). All of the coefficients were above the
.75 acceptance level except those involving
NLW (the NPF rating of lateral wall move-
ment). An interesting observation is that
the negative relationship between NVP and
CVM appears to be stronger than the pos-
itive relationship between NVM and CVM.
Assessment of size of velopharyngeal port
by NPF may, therefore, be a more accurate
indicator of velar movement than direct
assessment of velar movement by NPF.
This possibility seems reasonable because
of the sharp contrast between the velopha-
ryngeal opening and surrounding tissues.
Changes in velar position may, therefore,
be more easily identified and reported as
they are reflected in velopharyngeal port
size modifications than in actual velar dis-
placement.

The coefficients reported in Tables 3
and 4 support the validity of NPF findings
analyzed in this manner for evaluating rel-
ative displacement and size of velopharyn-
geal port. Validity of lateral wall displace-
ment could not be analyzed using the ex-
perimental design employed in this project
because lateral cines do not display lateral
wall movement. While lateral wall move-
ment may be expected to be highly corre-
lated with velar movement of velopharyn-

TABLE 4. Validity of NPF Based on Comparisons
Between Pooled NPF and Cine Data (n = 64).

CVM CVH CcvpP
NVM .89 .89 —.85
NLW 43 .27 —.34
NVP —.92 —.88 .82
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geal port size, the data in the present study
do not examine this possibility.

CONSISTENCY OF VELOPHARYNGEAL
FuNcrION. Given that the NPF rating sys-
tem is sufficiently reliable and valid, ques-
tions addressing the functional consistency
of the validity that affect velopharyngeal
closure may be considered. Correlation be-
tween NPF ratings of repeated samples of
velopharyngeal closure performed on the
same day are presented in Table 5, and on
different days in Table 6.

Within Data Collection Days. The correla-
tions between data sets 1 and 2, collected
on day 1, indicate that the pattern of clo-
sure for each of the subjects was generally
similar (Table 5). Velar movement and size
of velopharyngeal port, in particular, dem-
onstrated consistency between sets. While
the correlation between sets for lateral wall
movement was relatively low compared to
NVM and NVP, the difference may have
been due to the lower degree of reliability
associated with NLW mentioned above. To
assume that lateral wall movement occurs
in widely varying degrees based on these
results is, therefore, inadvisable.

Between Data Collection Days. NPF record-
ings were repeated for two subjects on each
of three separate days (day 1, set 1, day 2,
set 3; day 3, set 4) (see Table 1 for the

TABLE 5. Consistency of NPF Measures of
Velopharyngeal Function Within Data Collection
Days, Set One and Set Two (n = 92).

Set Set
One Two
NVM NLW NVP
NVM .79
NLW .59
NVP .89

summary of data sets collected). Table 6
displays the correlation coefficients be-
tween days for these subjects. As men-
tioned above, NPF slides that were taken
for the other two subjects on one of the
two trial days were not usable due to ex-
cessive glare and so the data for these two
subjects were omitted from this analysis.

The between-day correlation coefficients
generally agree with the within day corre-
lations. NVM and NVP appear to be high
while NLW is, by comparison, quite low.
This apparent trend was consistent for all
three comparisons; i.e., day 1 vs day 2, day
1 vs day 3, and day 2 vs day 3.

All obtained coefficients indicate rela-
tively high agreement for velar movement,
and velopharyngeal port size, but not for
lateral wall movement. As indicated by our
previous findings (Ibuki, et al., (1983), re-
peated placement of the fiberscope gives
findings about the velopharyngeal mecha-
nism that are comparable.

Some data are available about consist-
ency of velopharyngeal activity from the
cine films. The between-days comparison
based on the cine data indicates consistency
of performance of each component of velo-
pharyngeal function measured by this
method. CVH and CVP both received cor-
relation coefficients of .88, while CVM re-
ceived a correlation coefficient of .85.

Discussion

In general the findings from this study
indicate that, under certain conditions and
with certain restrictions, views of the velo-
pharynx obtained with the nasopharyngeal
fiberscope are reliable and valid when ana-
lyzed by clinical judgment.

One condition is that the NPF view must
be such that all boundaries of the velophar-

TABLE 6. Consistency of NPF Measures of Velopharyngeal Function Between Data Collection Days 1, 2,

and 3 (n = 64).

Variable

NVM
day 1

NLW
1

NVP

NVM NLW NVP
1 2 2 2

NVM 2
NLW 2
NVP 2
NVM 3
NLW 3
NVP 3

.80
49

.89
.54

.82

.81

.76
.27
.79




ynx are visible in a single view. This re-
quirement may be an important limitation
in the clinical setting: in our subject selec-
tion we rejected four of eight subjects
screened for NPF films because the velo-
pharynx was so large that this condition
could not be met. Another condition, de-
scribed in our earlier paper (Ibuki et al, in
press), is that the subject and fiberscope be
both positioned and stabilized as described
here or in a similar manner.

A final condition is that the examiner
who used the nasopharyngeal fiberscope
must have prior training in evaluating the
NPF views. We used a specific training
session for that purpose. In addition, two
of our four examiners had considerable
experience with the fiberscope while two
had not. Some differences in reliability be-
tween the less experienced and more ex-
perienced groups were observed but they
were not consistent.

There are limitations to these data that
must be considered in current use of the
NPF and in planning future research with
it. We used only normal adult subjects in
order to limit intersubjects variability.
Therefore, inferences from findings with
these subjects to other populations must be
made with caution.

Some of our NPF films were not usable
because they showed a high degree of
glare. Presumably, that glare was not ap-
parent in the view through the fiberscope
eyepiece before the NPF film was taken or
else adjustments would have been made.
The problem of glare should be considered
further in future investigations.

Our initial interest in the fiberscope was
based in part on the likelihood that NPF
views would be informative about lateral
wall movement during speech and related
activities, and in a relatively non-invasive
manner. The data reported here indicate
that these clinical ratings of NPF views are
not satisfactorily reliable for that purpose.
We assumed symmetry of lateral wall move-
ment and asked for one rating covering
both lateral walls combined. Perhaps relia-
bility would be higher if we had asked
judges to focus on only one wall at a time.
The data from our previous study (Ibuki et
al., 1983), in which NPF films are traced
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and measured, indicate high reliability for
the right lateral wall but not the left lateral
wall. We speculated in that paper that the
difference might be due to the fact that we
always inserted the fiberscope into the right
nasal passageway.

Conclusions

The data obtained in this investigation
indicate that findings with the nasophar-
yngeal fiberscope about velopharyngeal
function are informative, and that the fi-
berscope procedure, as described here, can
be considered to be a useful procedure in
assessment of the velopharyngeal mecha-
nism and function. Data about reliability
and validity of NPF findings with clinical
patients are needed, and we urge that such
research be conducted in the immediate
future.

Until information is available about the
effect of unstabilized NPF examination
technique on obtained results, we urge also
that our procedure for positioning and sta-
bilizing the fiberscope or some close mod-
ification of it, be used.

We urge also that examiners, regardless
of discipline, spend considerable time be-
coming familiar with the nasopharyngeal
fiberscope and NPF views before they be-
gin to rely on their findings. Furthermore,
Willis (1981) has recommended, and we
agree, that a set of NPF slides be kept
handy for occasional judge re-calibration
in order to maintain internal consistency.

Finally, we remind potential users of na-
sopharyngeal fiberscope that like several
other physiologic and instrumental tech-
niques, the fiberscope yields information
about structures and structural movement,
and not the behavioral basis for the move-
ment. For example, a patient who is capable
of producing an oral plosive but typically
uses a nasalized plosive will show velopha-
ryngeal closure on the first but not on the
second by NPF or any other physiologic
measure. Which one is valid? They both
are, but both must be interpreted within
the context of the patient’s repertoire of
speech production. Like other measures of
velopharyngeal function, the nasopharyn-
geal fiberscope, though it yields interesting
and useful information, must be used in
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coordination with other procedures that
provide information about the behavioral
aspects of speech production. The impor-
tance of involvement of the speech pathol-
ogist is, therefore, emphasized.
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