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Purpose: The restoration of speech after an extensive resection of the soft palate has
been a challenge faced by both prosthodontists and surgeons. Few comparisons
between prosthetic rehabilitations and surgical reconstructions of large soft palate
defects exist in equally matched groups of patients. The purpose of this study was to
evaluate speech outcomes in patients with soft palate defects that were rehabilitated
with either a pharyngeal obturator or surgical reconstruction. Materials and Methods:

Nine patients who were treated via prosthetic obturation were compared to nine
patients who underwent surgical reconstruction of the oropharynx with a radial
forearm free flap and a soft palate insufficiency repair modification. Speech
intelligibility data, perceptual ratings of resonance, and aeromechanical
measurements of velopharyngeal function were collected. Results: There were no
differences in any of the speech outcome measures between the two groups of
patients. Conclusion: Future studies should focus on the patient’s perspective on
rehabilitative options and potential quality of life issues. Int J Prosthodont
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Acquired defects of the soft palate pose a techni-
cal and functional treatment challenge for the sur-
geon, prosthodontist, speech and language
pathologist, and the patient. The velopharyngeal com-
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plex is an intricate arrangement of muscles simulta-
neously moving the soft palate superiorly and poste-
riorly, the lateral pharyngeal walls medially, and the
posterior wall anteriorly to various degrees during
phonation and swallowing. Acquired anatomical de-
fects from tumor ablation result in a physical void in this
sphincter. This allows for the escape of acoustic en-
ergy, resulting in hypernasality during speech and in-
competence during swallowing, resulting in liquids
expressed from the nose. Debates discussing the ad-
vantages and disadvantages of various surgical and
prosthetic approaches to correct these defects and im-
prove overall patient outcomes continue today.

Several surgical approaches utilizing various flap
designs to repair a defect of this nature have been pro-
posed throughout the years.'- These approaches have
accomplished the goal of physically closing the defect
and possibly eliminating the need for a prosthesis.
Advocates for surgical intervention claim that a pros-
thetic rehabilitation is bulky and cumbersome. This is
a particularly important point when rehabilitating a
patient with trismus, since the prosthesis may not be
fully extended due to the physical limitations in open-
ing. Additionally, edentulous patients may have a dif-
ficult time retaining prostheses without the aid of
adhesive or osseointegrated implants.
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Table 1 Patient Characteristics

History BOT SP Days
Age of resected resected between

Patient (y) Sex RT Lesion ©0) (%) Sxand Ax
iRSM 1 64 M Yes T3N2M0 25 100 26
MSKCC1 80 F Yes NA 0 75 609
iRSM 2 45 M No T3N2BMO 25 75 365
MSKCC2 54 F No NA 0 75 427
iRSM 3 68 F Yes T4N2BMO 50 75 395
MSKCC3 47 M Yes TaN2MO 50 50 1,014
iRSM 4 55 M Yes T3NOMO 25 100 357
MSKCC4 70 M Yes NA 0 75 2,049
iRSM 5 46 M Yes T4N2MO 50 100 339
MSKCC5 30 F No NA 0 100 1,354
iRSM 6 74 M Yes T3N2BMO0O 25 75 159
MSKCC6 46 F Yes T3NOMO 0 75 5,560
iRSM 7 55 F Yes T3N1MO 0 100 191
MSKCC7 62 M Yes NA 0 100 193
iRSM 8 49 F Yes T2N2BMO0O 25 75 531
MSKCC8 52 M Yes T2N1MO 0 75 477
iRSM 9 59 M Yes T4NOMO 50 100 419
MSKCC9 56 F Yes T3NOMO 0 100 500

RT = radiation therapy; BOT = base of tongue; SP = soft palate; Sx =
surgery; Ax = speech assessment; M = male; F = female; NA = not
available.

Prosthodontic rehabilitation through the fabrication
of a speech and feeding aid has been long advocated
and used as treatment for patients with hard and soft
palate defects. Acrylic resin prostheses are custom-
molded using normal sphincter functions to replace the
missing musculature of the soft palate and improve
speech and swallowing. These prostheses are remov-
able and able to be reshaped as needed, especially
throughout radiation therapy, during which fibrotic
scaring and necrosis may occur. Typically, once the area
has healed, the need for adjustments diminishes and
the patient requires a replacement prosthesis only if
damaged. Furthermore, although medical imaging and
fiber-optic examination allow for monitoring of the re-
constructed area, medical professionals have the lux-
ury of a direct visualization of the area for follow-up in
patients wearing prostheses.

The purpose of this article is to compare the prospec-
tive speech analysis data of patients who have under-
gone soft palate resection with the soft palate
insufficiency repair (SPIR) modification to the data col-
lected retrospectively on matched patients having un-
dergone ablative surgery and prosthodontic
rehabilitation.

Materials and Methods
Patients
Medical records from two institutions were reviewed for
two groups of patients who underwent a soft palate re-

section as part of ablative cancer therapy. The first
group was composed of 9 patients out of a sample of

19 consecutive patients who were treated via prosthetic
obturation at the Memorial Sloan Kettering Cancer
Center Dental Service (MSKCC), New York, New York,
over the course of 10 years (from 1990 to 2000). The
data for these patients were collected and reported on
as part of a previous study participated in by the two
primary co-authors of the present study.'® To be in-
cluded in the present study, all patients in this group
were required to have defects of the soft palate that ex-
tended across the midline and included the levator
sling. The use of microvascular free flaps in this group
of patients was only for protection and lining of the lat-
eral and posterior pharyngeal walls, thereby allowing
access into the nasopharynx for prosthetic rehabilita-
tion with a pharyngeal obturator.

Data from 10 patients who participated in the 2005
study'®were excluded from the present study because
of one of the following: in addition to a soft palate de-
fect, there was (7) a unilateral maxillary resection that
extended anteriorly to the right or left first molar, (2) a
bilateral maxillary resection, or (3) resection of any
portion of the anterior two-thirds of the tongue. For this
group, informed consent was given for evaluation of the
medical and surgical data and the speech evaluation
prior to involvement in the original study.

The second group was composed of nine consecu-
tive patients who were treated at the Institute for
Reconstructive Sciences in Medicine (iRSM),
Edmonton, Alberta, Canada, between 2003 and 2006.
A portion of the data for these patients is also reported
elsewhere.!" All patients in this group had defects that
crossed the midline and included the levator sling.
These defects were reconstructed at the time of re-
section using a radial forearm free flap with an SPIR
modification.” An SPIR modification includes incising
the dermis along the free edge of the folded radial fore-
arm flap, followed by the elevation of small subdermal
and submucosal flaps on either side of this incision. A
superior pharyngeal flap is sutured to the posterior
free edges of the folded flap, effectively closing off the
nasopharyngeal side of the defect. The anterior sub-
dermal flap is then approximated to the inferior poste-
rior pharyngeal flap. This results in complete closure of
the nasopharyngeal defect, leaving only a small na-
sopharyngeal port on one side just large enough to pro-
vide passage of a feeding tube.

From the original group of 10 patients, 1 individual
was excluded due to cognitive deficits that prevented
him from completing the speech assessments neces-
sary for the present comparison. As with the pros-
thetic group, no patient in the reconstructive group had
involvement of the anterior two-thirds of the tongue or
maxilla. Ethical approval was obtained through the
Health Research Ethics Board at the University of
Alberta, Edmonton, Alberta, Canada.
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Fig 1 Anatomical areas involved in the ablative surgery for patients one through nine in both groups:
SPIR (top), obturator (bottom,).
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Table 2 Descriptive Data

VPO “papa” VPO “hamper” Word Sentence
(mm?) (mm?) intelligibility (%) intelligibility (%) Perceptual rating
Mean SD Mean SD Mean SD Mean SD 1 2 3 4 5
Prosthetic rehabilitation 3.00 b5.14 497 439 79.78 12.37 92.34 8.67 n=0 n=2 n=6n=1n=0
Surgical reconstruction L 11417 506 367 7411 19.03 9175 1099 ~ n=0 n=5 n=2 n=2 n=0
Normal values'*'® 0-5 >90 3

SD = standard deviation; n = number of patients; 1 = markedly hyponasal; 2 = mildly hyponasal; 3 = normal; 4 = mild hypernasality; 5 = markedly hypernasal.

The medical and surgical data collected for each pa-
tient included: age, sex, diagnosis, TNM staging, date
of surgical procedure, anatomical regions resected, and
radiation dosage. Patient characteristics are presented
in Table 1. The anatomical areas involved in the abla-
tive surgery for both groups are presented in Fig 1.

Functional Speech Measures

Speech evaluations included both aeromechanical and
perceptual assessments and were carried out by a
speech-language pathologist using a standard proto-
col. As previously described, the PERCI-SARS software
(Microtronics) was used to estimate velopharyngeal
orifice area (VPQO) during speech.’®'" The patients’
data included repeated utterances of two stimulus
words (papa and hamper) used in routine clinical prac-
tice for the collection of aeromechanical data.

Perceptual evaluations of speech included the eval-
uation of intelligibility, as well as a subjective rating of
the presence of hypernasality and nasal air emission.
Speech samples for intelligibility measures and per-
ceptual evaluations were collected in a quiet but non-
soundproof room using a portable analog cassette
recorder (TCM-5000EV, Sony) at MSKCC and a portable
digital tape recorder (TCD-D10 Pro Il, Sony) at iRSM with
an external microphone. For the evaluation of intelligi-
bility, speech stimuli included 50 words and 22 sen-
tences that were randomly generated (Computerized
Assessment of Intelligibility of Dysarthric Speech, Pro-
Ed)."? To calculate percent intelligibility, four listeners at
each institution transcribed what they perceived each
patient to be saying. At MSKCC, two attending maxillo-
facial prosthodontists, a maxillofacial prosthodontic fel-
low, and an untrained layperson who had no prior
patient contact transcribed the speech samples. At
iRSM, one speech-language pathologist, two graduate
students in speech pathology, and an untrained layper-
son who had no prior patient contact transcribed the
speech samples. The transcriptions were compared to
a key that was stored in each patient’s file to calculate
the percentage of correctly identified words.

For the perceptual analysis of hypernasality and
nasal air emission, each patient was asked to read the
Zoo Passage—a nonnasal reading passage that has
been used routinely for the assessment of nasality in
North America.'® One speech language pathologist,
who was blinded to each patient’s identity, rated the hy-
pernasality of each sample of speech from both
MSKCC and iRSM subjects using the following scale:

« Markedly hyponasal: the patient’s resonance is char-
acterized by pervasive hyponasality such that speech
becomes unintelligible out of context and the patient
is often asked to repeat.

* Mildly hyponasal: the patient’s resonance is charac-
terized by hyponasality but speech remains intelligi-
ble out of context.

* Normal: resonance balance is appropriate for every-
day communication and is not characterized by hypo-
or hypernasality.

* Mildly hypernasal: the patient’s resonance is char-
acterized by hypernasality but speech remains intel-
ligible out of context.

» Markedly hypernasal: the patient’s resonance is char-
acterized by pervasive hypernasality such that speech
becomes unintelligible out of context and the patient
is often asked to repeat.

The presence or absence of nasal air emission was
also noted by this listener.

Statistical Methods

A one-way multiple analysis of variance (MANOVA)
was used to analyze group differences for the speech
variables that involved continuous data (ie, VPO for the
words “papa” and “hamper” and word and sentence in-
telligibility). A Mann-Whitney test was used to analyze
differences between groups for the perceptual ratings
of hypernasality and nasal air emission. Intraclass cor-
relations (ICC[2,1]) were used to assess interrater re-
liability between the four raters at each institution. All
tests used a significance level of .05.
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Results

Descriptive data for the speech results across the two
groups are shown in Table 2. A preliminary analysis of
the background patient characteristics revealed that
there was only one variable, percent base of tongue re-
sected, that differed significantly between the two
groups. The group of patients from iRSM had signifi-
cantly more base of the tongue resected than those
from MSKCC. However, a two-tailed Pearson correla-
tion did not show any significant relationship between
the percent of base of the tongue resected and any of
the dependent speech variables. Thus, this factor was
not considered in the main between-group statistical
analysis. Neither the MANOVA nor the Mann-Whitney
test revealed statistically significant differences be-
tween the groups for any of the speech variables. ICCs
revealed an acceptable level of interrater reliability for
both words and sentences at MSKCC (0.81 and 0.70,
respectively) and atiRSM (0.92 and 0.83, respectively).

Discussion

The question of what is the best way to provide the
most functional speech post-ablative cancer resection
involving the soft palate continues to be an open-
ended discussion, with options involving prosthetic
rehabilitation and surgical reconstruction. When at-
tempting to discuss functional speech outcomes via
the use of free flap reconstruction as opposed to pros-
thetic rehabilitation, the literature is sparse with direct
comparisons. Yoshida et al'® directly compared obtu-
rators to flaps of acquired defects in their investigation.
These patients were recorded speaking 100 Japanese
syllables with 10 listeners transcribing the recordings
who had no prior patient contact. The obturator group
averaged 68% intelligibility with the obturator and the
flap group averaged 58% postoperatively, with 4 of the
flap patients improving an average of 9.3% (median:
4.2%) when later treated with prostheses. Comparisons
of these results with the present study and other stud-
ies that investigated word intelligibility reveals similar
results for the prosthetically treated patients. For ex-
ample, in Kipfmueller and Lang’s study'” involving ac-
quired defects following cancer surgery, intelligibility
percents for words ranged from 71% to 99% with an
obturator. In the present study, word intelligibility in the
group of patients treated with prostheses was similar,
ranging between 52% and 90% with a mean score of
79.8%. On the contrary, however, results of the current
study reveal better word intelligibility scores (74.1%) for
patients who were treated with surgical reconstruction
than those reported by Yoshida et al (58%).'6
Because there are so few direct comparisons be-
tween the two treatments under discussion in the pre-
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sent study, it is necessary to look to reports of each
method of treatment individually for some insight into
this debate. With respect to surgical reconstruction,
Brown et al? reported speech outcomes for flap re-
construction with and without an additional pharyngeal
flap for acquired defects and found greater success
when a pharyngeal flap was added to the reconstruc-
tive procedure. Their findings revealed that 94% of the
connected speech sample was intelligible to a trained
listener for patients who had a pharyngeal flap. These
findings compare favorably with the results from the
present study. Moerman et al® reported on 4 patients
who underwent surgical reconstruction with a radial
forearm free flap after resection for extensive lesions
that involved the soft palate. Although specific per-
centages of speech intelligibility were not reported,
their perceptual and acoustic speech results indicated
that all 4 patients had normal postoperative speech out-
comes. Other studies that appear to use perceptual as-
sessment of speech report good outcomes after
surgical reconstruction. For example, Sinha et al* re-
ported on 16 patients who underwent soft palate re-
construction with a radial forearm free flap. Of these
patients, 2 required a palatal prosthesis to restore func-
tion. The authors report that 2 patients were hypernasal
and 3 were hyponasal.

Hashikawa et al® compared five patients who were
reconstructed with an adhesion to those who were
not. Out of the five patients with an adhesion, four
were reported to have excellent speech. Those who did
not have an adhesion had poor to moderate speech.
Likewise, speech outcomes in patients who under-
went soft palate reconstruction were variable, ranging
from normal to markedly impaired in a study reported
by McCombe et al.® The surgical reconstruction in the
McCombe study did not include a procedure to reduce
the velopharyngeal aperture.

Comparison of the present study’s findings to those
reporting speech outcomes for soft palate obturation is
much more limited, since there are few studies that
have reported solely on prosthetic intervention with this
subset of patients. One study that has reported speech
outcomes on a small group of patients who had lesions
that involved both the maxilla and the soft palate re-
vealed that word and sentence intelligibility scores com-
pared favorably with the results for both groups reported
on in the present study (77% and 95%, respectively).'®

Historically, surgical reconstruction of the velophar-
ynx has resulted in poor speech outcomes, especially
when no modifications are made to reduce the size of
the velopharyngeal orifice. On the other hand, pha-
ryngeal obturators have been considered a conven-
tional form of treatment that has been successful in
restoring the intelligibility of speech. However, remov-
able prostheses have been criticized for being rigid in
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nature and therefore ineffective as a substitute for the
pliable and dynamic soft palate.”® They also have been
criticized for their effect on the surrounding muscula-
ture, obstructing its movement® and being cumber-
some to wear, causing discomfort and irritation.*89
Regardless of these criticisms that may or may not be
well-founded, the functional results in this study reveal
clinically acceptable speech outcomes for patients
who are rehabilitated with an obturator. Furthermore,
we are now at a point where the surgical results from
the present study would suggest that surgical recon-
struction is also a viable technique, especially when a
modification such as the SPIR is undertaken to reduce
the velopharyngeal aperture. Eight of the nine surgi-
cally reconstructed patients in this study were as-
sessed after radiation therapy (mean date of
assessment was 345 days postsurgery; range: 159 to
531 days). One patient who had a history of failed pri-
mary radiation therapy was assessed 25 days after
salvage surgery. The potential for poor functional out-
comes after radiation therapy due to fibrotic scaring
and necrosis, which was a problem previously reported
in a group of patients reconstructed without an SPIR
modification,'® was not an issue for the surgically re-
constructed patients in the present study. While the
sample size within this study was small and power was
limited, the results suggest that from a functional per-
spective, both surgical and prosthetic intervention are
effective at restoring speech after large soft palate
ablations. Future investigations with larger sample
sizes will be required to confirm the findings from the
present study.

One final consideration that has not been men-
tioned is the patients’ perspectives on the outcomes.
While the present study did not collect this information,
an indication of comparative quality of life outcomes
associated with both forms of treatment can be gained
from one study in the literature.?’ Although the out-
comes of that study are related to maxillary obturation
versus surgical reconstruction of the maxilla and are
based on a small population, the results point to a po-
tential disparity between the approaches in terms of
psychosocial adjustment in the patients. For example,
those who received a prosthesis reported more diffi-
culty speaking in public and a general fear of being
misunderstood during conversation. Extrapolation of
these results to soft palate resection may be flawed and
thus, a future study on the quality of life in patients with
soft palate defects is required.

Conclusion

This study evaluated and compared speech outcomes
between two groups of patients with 50% or more of
their soft palate resected—those rehabilitated with a
pharyngeal obturator and those reconstructed for func-
tion via a radial forearm free flap with an SPIR modifi-
cation. The results revealed no differences between
the two groups of patients. To render a fair and well-
informed decision regarding which treatment modality
to use, the overall well-being of the patient should be
considered. The overriding goal of cancer treatment
should be patient survival with an adjunct goal of restor-
ing and returning the patient to as near presurgical level
of function as possible. In addition, the patient’s per-
spective on rehabilitative options and potential quality of
life outcomes must be considered in the future.
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