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INTRODUCTION
The number of oral cavity and oropharyngeal cancer survivors has risen in recent decades
owing to the increasing incidence of disease and improved survival rates. By 2030,
oropharyngeal cancers are projected to account for almost half of head and neck cancers.1

The oral cavity and oropharynx are essential to normal speech, swallowing, and respiration.
These critical functions can be disrupted by adverse effects of tumor and cancer therapy on
the upper aerodigestive tract (UADT). This review will summarize clinically distinct
functional outcomes in patients with oral cavity and oropharyngeal cancers, pretreatment
functional assessments, strategies to reduce or prevent functional complications, and
methods of posttreatment rehabilitation.

OVERVIEW OF FUNCTIONAL OUTCOMES
Oral Cavity Cancer

Surgical resection remains the primary treatment for many cancers of the oral cavity.2,3

Surgery disrupts the complex anatomy and functions of the UADT and may lead to lifelong
disability, despite advances in minimally invasive approaches and microsurgical
reconstruction. Radiotherapy or chemoradiation is often delivered as an adjuvant treatment
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after definitive resection of oral cavity cancers. Radiotherapy is known to exacerbate the
postsurgical side effects by way of added fibrosis and neuromuscular insult. Adjuvant
radiotherapy particularly affects laryngopharyngeal functions critical to the oropharyngeal
swallow.

Speech production is dependent on 4 processes: respiration, phonation, resonation, and
articulation.4 Each process involves precise biomechanical coordination of multiple
structures in the oral cavity and UADT. Consequently, the type and degree of speech
impairment varies depending on the location and extent of tumor within the oral cavity. In
general, speech production is most adversely affected when oral cavity resections involve
the mobile tongue or extend to include the soft palate. Resulting defects from lingual and
palatal resections impair different speech domains.

Oral cavity cancers involving the tongue most commonly impair articulation. A recent
systematic review suggested that speech remains largely intelligible (92–98% intelligible at
the sentence level [blinded rating]) for most surgically treated patients with advanced-stage
oral cancer (tumor stage ≥2), including those with tumors involving the tongue. Deviant
speech characteristics were commonly reported in published studies despite intelligible
speech ratings.5 The extent of tongue resection greatly affects the accuracy of articulation
and intelligibility. Data suggest that most patients will ultimately acquire good intelligibility
after partial or hemiglossectomy procedures that preserve half or more of the native tongue,
but outcomes are more variable after subtotal and total glossectomy.5

Treatment of oral cavity cancers can also disrupt speech resonance. Resections of cancers
involving the maxilla cause significant rhinolalia until the oronasal defect is adequately
sealed. Acceptable speech quality is achieved in most patients after successful prosthetic
obturation or surgical reconstruction of the oronasal defect,6,7 but surveys find that self-
reported speech function is still significantly lowered in cancer patients with maxillary
defects relative to controls.8 In addition, obturation is typically less successful when the
defect extends to involve the soft palate because of the soft palate’s dynamic involvement in
the process of velopharyngeal closure.9

Speech and swallowing function are closely related because they rely on common UADT
structures. Swallowing occurs in 4 phases: oral preparatory, oral, pharyngeal, and
esophageal. Treatment of oral cavity cancers most commonly affects the first 3 phases of
swallowing. Oropharyngeal swallowing function can be impaired by the direct effects of
oral cavity resection on oral preparatory (i.e., mastication, collecting a bolus in the mouth)
and oral transit functions (i.e., posterior propulsion from the mouth to the pharynx). Oral
cavity resection can also indirectly affect pharyngeal bolus transit by way of premature
spillage that accompanies the loss of oral control, decreased lingual driving pressure on a
bolus through the pharynx, or disrupted stabilization of the hyolaryngeal complex required
for airway closure and upper esophageal opening. In addition, adverse effects of adjuvant
radiotherapy or chemoradiation on pharyngeal swallowing function are well established.
Data from a systematic review suggest that swallowing efficiency is commonly impaired
after surgical management of advanced-stage oral cancers (i.e., prolonged bolus transit times
and incomplete bolus clearance), but chronic aspiration is a less common consequence of
surgical management (12–25% prevalence). Therefore, it is not surprising that patients
surgically treated for oral cavity cancer perceive the greatest degree of trouble swallowing
dry or hard foods when polled about specific dysphagia symptoms.10

Oropharyngeal Cancer
Survival rates for oropharyngeal cancer have dramatically improved in the past 20 years
owing to refinements in and intensification of organ preservation strategies and the rising
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proportion of human papillomavirus-attributable disease. Options for organ preservation
include nonsurgical therapy (i.e., radiotherapy and chemoradiation) and minimally invasive
surgery (i.e., transoral robotic surgery [TORS] or transoral laser microsurgery). Organ
preservation strategies seek to achieve locoregional control and optimize functional
outcomes. Cancers of the oropharynx arise in a region of the UADT critical to swallowing
function. Thus, pharyngeal dysphagia is the principal functional toxicity of treatment for
oropharyngeal cancer, recognized as a key endpoint measure in contemporary management
of the disease. As Weinstein et al noted, “…if it is found that the oncologic outcomes are
equivalent…then the most important factor for triaging patients to TORS or chemoradiation
will be swallowing outcomes”.11

Swallowing is a complex biomechanical process involving 5 cranial nerves and more than
25 muscles in the UADT. Swallowing impairments can occur as the result of surgery alone,
radiotherapy alone, or chemoradiation. Data specific to patients with oropharyngeal primary
tumors demonstrate a high burden of dysphagia. In a population-based Surveillance,
Epidemiology, and End Results–Medicare analysis of more than 8,000 patients with head
and neck cancer, patients with cancers of the oropharynx had the second-highest prevalence
of dysphagia.12 In a pooled analysis of 3 Radiation Therapy Oncology Group
chemoradiation trials, 35% of 101 oropharyngeal cancer patients with adequate baseline
function experienced late grade 3 or 4 laryngeal or pharyngeal toxicity, often including
dysphagia.13

Even in the era of conformal radiotherapy (i.e., intensity-modulated radiotherapy [IMRT])
for oropharyngeal cancer, 82–85% of patients require feeding tubes during therapy, and
authors report 6–31% rates of aspiration ≥1 year after treatment and 4–8% rates of chronic
feeding tube dependence.14–16 In a trial evaluating treatment for oropharyngeal cancer with
chemoIMRT that was designed to protect dysphagia-organs-at-risk using dysphagia-specific
dose constraints, 31% of patients had higher occurrences of aspiration >1 year after
treatment relative to baseline, and 22% developed pneumonia.16 Aspiration was
significantly predictive of pneumonia in this trial (p = 0.017, sensitivity = 80%, specificity =
60%), and silent aspiration was evident on modified barium swallow (MBS) studies in 63%
of patients who developed pneumonia. In addition, pharyngeal residue on MBS studies was
significantly associated with the development of pneumonia after chemoIMRT (p < 0.01).17

Particularly concerning is the risk of severe, late dysphagia that presents up to decades after
radiotherapy in long-term survivors of oropharyngeal cancer. Although the prevalence of
severe late dysphagia is not known, data suggest that the level of impairment is profound,
often accompanied by a constellation of neuromuscular pathologies, including cranial
neuropathies. In addition, late dysphagia is largely refractory to standard, nonsurgical
dysphagia therapies and leads to recurrent pneumonias requiring lifelong gastrostomy or
elective functional laryngectomy.18

TORS is emerging as a minimally invasive surgical alternative to nonsurgical organ
preservation for oropharyngeal cancer, proposed to offer several functional advantages
relative to open surgery or definitive chemoradiation. TORS allows access for resection
without pharyngotomy or mandibulotomy, maintaining the critical muscular framework of
the laryngopharynx. Tracheostomy, typically required for airway management after open
resection, is also not needed for most patients who undergo TORS (70–100%). Furthermore,
published series suggest that 9–27% of patients treated with frontline TORS avoid
postoperative radiotherapy and 34–45% avoid chemoradiation. Crude endpoints of
functional recovery after TORS suggest promising early outcomes relative to radiation-
based organ preservation regimens. Rates of percutaneous endoscopic gastrostomy tube
placement (18–23%) and chronic dependence (0–7%) after TORS are lower than those
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reported for patients receiving definitive chemoradiation.19–23 However, patient-reported
swallowing outcomes after TORS, according to the MD Anderson Dysphagia Inventory, are
fairly similar to those of chemoradiation cohorts,19 and findings of gold-standard
instrumental swallowing assessments are rarely reported after TORS. In addition, functional
outcomes have been studied almost exclusively in the first year after TORS. Thus, further
comparisons of long-term outcomes and physiologic swallowing outcomes based on
instrumental examinations are needed to better understand the functional differences in
surgical and nonsurgical organ preservation for oropharyngeal cancer.

PRETREATMENT FUNCTIONAL ASSESSMENT
Pretreatment functional assessment is a critical component of comprehensive care. Baseline
functional status has been shown to predict posttreatment functional outcomes, and
contributes to clinical decisions about supportive care to optimize treatment tolerance (e.g.,
pretreatment feeding tube placement, dietary changes to prevent aspiration). Pretreatment
functional status is also important to consider when selecting the modality of cancer therapy
most likely to maximize functional outcomes, particularly when various modalities offer a
similar likelihood of cure. Pretreatment examination by a speech pathologist should include,
at a minimum, an oral motor/cranial nerve examination, motor speech evaluation
(articulation, resonance, voice quality, intelligibility), and a clinical swallow evaluation. An
instrumental swallowing examination is indicated in many cases, particularly in patients
who present with advanced-stage primary tumors who have an increased risk of baseline
aspiration.24 For patients with cancers of the oral cavity and oropharynx, the radiographic
MBS study is the instrumental examination of choice because it allows evaluation of both
oral and pharyngeal phases of swallowing.25 Laryngeal videostroboscopy is also useful in
assessing laryngopharyngeal functioning, particularly in patients with advanced-stage
oropharyngeal cancer that extends to involve the larynx.

Instrumental examinations are considered the gold-standard methods of assessment because
they objectively assess oropharyngeal swallowing physiology and bolus transit, and predict
adverse health outcomes (e.g., pneumonia and malnutrition). Functional outcomes can also
be assessed by patient-reported outcome (PRO) measures. Patient-reported outcome
measures provide a complementary perspective to instrumental, clinician-rated
examinations, mainly regarding the impact of physiologic impairments on daily activities
and quality of life. However, there is often a lack of agreement about the severity of
impairment between subjective PRO measures and instrumental physiologic examinations,
and PRO measures do not fully reflect true swallowing competency. Thus, the consensus is
that both metrics should be used for a comprehensive evaluation of functional outcomes.

Standardized functional assessments offer critical data to optimize treatment outcomes, but
functional assessments lack uniformity in clinical practice and research. Minimum standards
for functional assessment have been suggested on the basis of a recent systematic review to
include the following measures, longitudinally assessed at least 3 to 4 times during the
treatment trajectory of patients with oral cavity or oropharyngeal cancer: 1) instrumental/
objective swallowing assessment (e.g., MBS study) with supplemental clinical data, 2)
assessment of speech intelligibility, 3) supplemental speech assessment of specific
impairments relevant to oral cavity and oropharyngeal cancer (e.g., articulation, resonance),
and 4) PRO measures related to speech and swallowing.25 Table 1 describes various
methods of pretreatment functional assessment.
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PREVENTING OR REDUCING FUNCTIONAL PROBLEMS
The severity of functional impairment can be influenced by a number of clinical factors.
Current literature indicates that the percentage of oral tongue resection, type of
reconstruction, contour of the free flap, and primary tumor stage affect postsurgical speech
and swallowing outcomes.5,10,26 Functional outcomes also vary depending on the schedule
of radiation, radiotherapy dose distribution, and the use of concurrent chemotherapy.
Finally, swallowing outcomes can be influenced by supportive care practices, including the
timing and type of feeding tube placement and the provision of targeted preventive exercise
in patients receiving radiotherapy or chemoradiation. Disease characteristics (i.e., subsite
and tumor volume) that influence functional outcomes are unchangeable; thus this section is
focused on factors that can potentially be modified to prevent or reduce functional problems
after treatment. These include surgical reconstructive factors, radiotherapy techniques, and
supportive care/preventive therapy.

Surgical and Reconstructive Factors
Some studies report significantly worse swallowing outcomes in patients who have
reconstruction after oral cavity and oropharyngeal resections,26 largely owing to the
confounding effects of greater tumor burden and greater surgical defects in patients who
require reconstruction rather than primary closure. Reconstructive factors that are associated
with functional outcomes include sensory repair and the contour and volume of the flap. In
addition, intraoral sensation has been shown to be correlated with UADT function, including
pharyngeal swallowing competency,27,28 and sensory reinnervation can be performed during
microvascular reconstruction.

Published studies report conflicting results regarding the functional outcomes of sensory
reinnervation in oral cavity reconstructions. For instance, objective swallowing ratings
according to MBS studies did not differ between patients with reinnervated flaps and those
with noninnervated flaps in a prospective functional analysis of 44 patients.29 In contrast,
Yu et al30 found significantly higher diet levels in patients with reinnervated ALT flaps
compared with those with noninnervated flaps after near-total or total glossectomy.
Nonetheless, authors have advocated that a relatively simple reinnervation procedure
improves intraoral sensation and should be attempted when possible.31

In addition, the shape and volume of the reconstructed tongue has been shown to affect
postoperative speech and swallowing outcomes. Reconstructed flaps that are protuberant or
semi-protuberant and those with greater volume are associated with significantly better
speech intelligibility and dietary outcomes.32,33 On the basis of these findings, authors have
suggested overcorrection of the defect to account for volume loss that occurs with atrophy
and postoperative radiotherapy.32,33 Finally, the utility of laryngeal suspension in patients
requiring total or subtotal glossectomy has been demonstrated both to help protect the
airway from aspiration and prevent prolapse of the flap.32,34

Radiotherapy Techniques
Radiotherapy techniques can vary greatly, particularly the conformal methods used to spare
normal tissue. Normal tissue constraints using IMRT have historically limited the dose to
the salivary glands to reduce xerostomia. Swallowing-specific dose-constraints using IMRT
have only recently been explored16 after a number of studies (most commonly in
oropharyngeal cancer) elucidated the core swallowing-related organs at risk.35 The anterior
oral cavity, superior pharyngeal musculature, and inferior larynx/esophageal inlet have been
identified as swallowing-specific organs at risk, for which dose-volume coverage is
correlated with short-term and long-term swallowing outcomes after IMRT. Data suggest
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that integrating swallowing-specific organ dose constraints into IMRT plans may reduce
gastrostomy dependence, improve oropharyngeal swallowing efficiency, minimize
aspiration, and optimize swallowing-related quality of life.14,16,36–39

Pharyngeal and oral cavity constraints can be integrated into IMRT plans, and laryngeal
dose sparing constraints can be included in full-field IMRT plans or accomplished using a
split-field technique. A split-field laryngeal block technique matches IMRT fields at the
level of the arytenoid cartilages with a conventional supraclavicular laryngeal block (3 × 3
cm) using anteroposterior bilateral low neck fields. The split-field technique has been shown
to achieve a lower laryngeal and esophageal inlet dose compared with full IMRT fields in
patients with oropharyngeal cancer.14,37 Thus, current evidence supports the potential for
laryngeal shielding and dysphagia-specific dose constraints to reduce or prevent dysphagia
after radiotherapy.

Preventive Therapy
Preventive swallowing therapy encourages ongoing use of the swallowing musculature
during radiotherapy under the “Use it or lose it” paradigm. In preventive swallowing
therapy, speech pathologists train patients to perform targeted swallowing exercises before
and during radiotherapy and prescribe compensatory swallowing techniques or dietary
modifications to discourage even brief NPO periods. Three randomized clinical trials have
shown a benefit of early exercise during chemoradiation;40–42 one found a 36% absolute risk
reduction for loss of functional swallowing ability among patients randomized to receive
swallowing exercises during chemoradiation.41 Favorable outcomes reported with
preventive swallowing exercises include superior swallowing-related quality of life
scores;43,44 better base of tongue retraction and epiglottic inversion;45 larger
postradiotherapy muscle mass and T2 signal intensity of the genioglossus, mylohyoid, and
hyoglossus muscles;41 more normal oral diet levels after chemoradiation;40 and shorter
duration of gastrostomy dependence.46,49

In addition, maintenance of any oral intake during radiotherapy (i.e., avoidance of NPO
intervals) has been found to independently predict long-term swallowing-related quality of
life outcomes according to the MD Anderson Dysphagia Inventory and was associated with
superior diet levels up to 1 year after radiotherapy.47,48 Multidisciplinary management of
acute radiation toxicities, including odynophagia, dysgeusia, weight loss, and dysphagia, is
necessary to help patients safely maintain oral intake during therapy. The evidence in favor
of proactive swallowing therapy with radiotherapy in patients with head and neck cancer is
summarized in Table 2.

POSTTREATMENT REHABILITATION
Functional rehabilitation after cancer therapy is individualized to meet the unique needs of
each patient. In general, patients with oral cavity cancers who have had surgery (and often
postoperative radiotherapy or chemoradiation) require both speech and swallowing therapy,
whereas patients who receive radiotherapy or chemoradiation for oropharyngeal cancers are
most likely to require dysphagia therapy. In either case, rehabilitation should be planned to
target physiologic and functional impairments identified on standardized, instrumental
assessments. That is, effective rehabilitation begins with comprehensive and standardized
functional assessment. Functional assessment includes, for all cases, oral motor/cranial
nerve examination and motor speech assessment. In addition, standardized articulation and
intelligibility batteries are available to identify goals for speech intervention, and
swallowing therapy goals should be determined on the basis of instrumental examinations
(e.g., the MBS study or fiberoptic endoscopic evaluation of swallowing).
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Patients with postoperative dysarthria can be taught compensatory mechanisms of
articulation that rely on exaggeration of the remaining labial, mandibular, pharyngeal, and
laryngeal structures. Glossectomy-specific compensatory phonetic strategies pioneered by
the work of Skelly et al in the 1970s remain useful in contemporary practice.51,52

Articulation targets are selected on the basis of standardized batteries such as the Fisher-
Logemann Test of Articulation. Speech pathologists also use findings of articulation testing
to collaborate with maxillofacial prosthodontists in the process of designing palatal
augmentation prostheses. Palatal augmentation prostheses improve the accuracy of
consonant production and can normalize vowel production by reshaping the contour of the
hard palate for better contact by the surgically altered tongue.53 A systematic review that
evaluated studies over more than 35 years found that palatal prostheses improve objective
ratings of both speech and swallowing function in roughly 85% of patients. Published data
also suggested an inverse relationship between the efficacy of a palatal prosthesis and
mobility of the residual tongue. That is, the prognosis for improving speech with a palatal
prosthesis is less favorable as the mobility of the residual tongue increases.54

Evidence-based compensatory swallowing techniques have been shown to improve airway
protection and bolus clearance in patients with oropharyngeal dysphagia after cancer
therapy.55 Compensatory techniques may include postures such as a chin tuck or head
rotation, strategies such as the supraglottic swallow, and/or dietary modifications such as
thickening liquids or blending foods. Instrumental examination is critical to match
appropriate compensations with the specific swallowing impairment and to test the efficacy
of compensations in individual patients. In some cases, compensations are used for a short
interval to ensure safe oral intake during acute periods of recovery whereas patients with
chronic dysphagia may adopt swallowing compensations as a lifelong tool to prevent
aspiration compromise.

Evidence-based swallowing exercises are also selected on the basis of the pathophysiology
of dysphagia identified during instrumental examinations.56–63 Exercise therapy is
maximized by attending to defined principles of strength training and neuroplasticity.
Exercises must challenge the system beyond its normal capacity in a systematic fashion, and
skills-training encourages re-learning and neuroplasticity through direct swallowing
activities. Adjunctive biofeedback measures such as surface electromyography or
endoscopic monitoring, coupled with swallowing therapy, can help the patient examine,
modify, and challenge the therapeutic task.64,65 In addition, investigations are ongoing to
determine the efficacy of transcutaneous neuromuscular electrical stimulation (NMES) as a
treatment for dysphagia after cancer therapy. Current evidence suggests that NMES often
lowers the hyolaryngeal complex because the superficial infrahyoid strap muscles receive
more intense levels of stimulation than the deeper laryngeal elevators.66 This finding
suggests that transcutaneous NMES may benefit only patients who are able to sufficiently
elevate the larynx during swallowing against the resistance (i.e., downward pull) induced by
the stimulation. This premise requires further investigation; if confirmed, it indicates that the
physiologic effect of NMES on hyolaryngeal movement must be examined under
videofluoroscopy in each patient before applying this therapy to avoid potential harm or
unintended physiologic effects. Finally, the intensity of swallowing therapy matters. Dose-
response data are lacking for most swallowing therapies, but intensive “boot-camp”
paradigms show promise to improve swallowing outcomes in patients with chronic or severe
dysphagia.57

SUMMARY
In summary, the number of long-term oral cavity and oropharyngeal cancer survivors is
rising, and speech and swallowing outcomes are principal determinants of quality of life
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during cancer survivorship. Thus, maximizing long-term functional outcomes is a priority of
contemporary multidisciplinary head and neck cancer care. Optimizing functional outcomes
begins with a standardized, comprehensive baseline assessment. Pretreatment functional
assessment should combine complementary instrumental, clinician-rated examinations with
PRO measures. Functional analysis before treatment is critical to plan rehabilitation and
supportive care, predict outcomes, and select the optimal cancer therapy. A number of
strategies can be targeted to prevent or reduce the burden of functional problems.
Therapeutic techniques that can maximize function include attention to flap volume and
contour and consideration of sensory reinnervation in surgical cases requiring
reconstruction. Current evidence also supports the potential for laryngeal shielding and
dysphagia-specific IMRT dose constraints to diminish pharyngeal dysphagia after
radiotherapy. Finally, preventive swallowing therapy that couples targeted swallowing
exercises with avoidance of NPO intervals has been shown to positively affect a number of
important functional endpoints. Functional rehabilitation after treatment requires
individualized planning and should be guided by physiologic findings of instrumental
examinations. Functional success is best achieved with a multidisciplinary team that
includes speech pathologists specialized in assessment and management of head and neck
cancer.

Acknowledgments
Funding sources:

Dr. Hutcheson: Dr. Hutcheson acknowledges funding from the UT Health Innovation for Cancer Prevention
Research Fellowship, The University of Texas School of Public Health – Cancer Prevention and Research Institute
of Texas (CPRIT) grant #RP101503.

The University of Texas MD Anderson Cancer Center is supported in part by a Cancer Center Support Grant
(CA016672) from the National Institutes of Health.

REFERENCES
1. Chaturvedi AK, Engels EA, Pfeiffer RM, et al. Human papillomavirus and rising oropharyngeal

cancer incidence in the United States. J Clin Oncol. 2011; 29:4294–4301. [PubMed: 21969503]

2. Cooper JS, Porter K, Mallin K, et al. National Cancer Database report on cancer of the head and
neck: 10-year update. Head Neck. 2009; 31:748–758. [PubMed: 19189340]

3. Funk GF, Karnell LH, Robinson RA, Zhen WK, Trask DK, Hoffman HT. Presentation, treatment,
and outcome of oral cavity cancer: a National Cancer Data Base report. Head Neck. 2002; 24:165–
180. [PubMed: 11891947]

4. Seikel, JA.; King, DW.; Drumright, DG., editors. Anatomy & physiology for speech, language, and
hearing. 4th ed.. Clifton Park: Cengage Learning; 2009.

5. Kreeft AM, van der Molen L, Hilgers FJ, Balm AJ. Speech and swallowing after surgical treatment
of advanced oral and oropharyngeal carcinoma: a systematic review of the literature. Eur Arch
Otorhinolaryngol. 2009; 266:1687–1698. [PubMed: 19756680]

6. Andrades P, Rosenthal EL, Carroll WR, Baranano CF, Peters GE. Zygomatic-maxillary buttress
reconstruction of midface defects with the osteocutaneous radial forearm free flap. Head Neck.
2008; 30:1295–1302. [PubMed: 18642322]

7. Futran ND, Wadsworth JT, Villaret D, Farwell DG. Midface reconstruction with the fibula free flap.
Arch Otolaryngol Head Neck Surg. 2002; 128:161–166. [PubMed: 11843725]

8. Hertrampf K, Wenz HJ, Lehmann KM, Lorenz W, Koller M. Quality of life of patients with
maxillofacial defects after treatment for malignancy. Int J Prosthodont. 2004; 17:657–665.
[PubMed: 15686093]

9. McCombe D, Lyons B, Winkler R, Morrison W. Speech and swallowing following radial forearm
flap reconstruction of major soft palate defects. Br J Plast Surg. 2005; 58:306–311. [PubMed:
15780224]

Hutcheson and Lewin Page 8

Otolaryngol Clin North Am. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



10. Dwivedi RC, St Rose S, Chisholm EJ, et al. Evaluation of swallowing by Sydney Swallow
Questionnaire (SSQ) in oral and oropharyngeal cancer patients treated with primary surgery.
Dysphagia. 2012 [published online ahead of print February 21, 2012]. http://
www.springerlink.com/content/l87t8788u5871g11/?MUD=MP.

11. Weinstein GS, O’Malley BW Jr, Desai SC, Quon H. Transoral robotic surgery: does the ends
justify the means? Curr Opin Otolaryngol Head Neck Surg. 2009; 17:126–131. [PubMed:
19342953]

12. Francis DO, Weymuller EA Jr, Parvathaneni U, et al. Dysphagia, stricture, and pneumonia in head
and neck cancer patients: does treatment modality matter? Ann Otol Rhinol Laryngol. 2010;
119:391–397. [PubMed: 20583737]

13. Machtay M, Moughan J, Trotti A, et al. Factors associated with severe late toxicity after concurrent
chemoradiation for locally advanced head and neck cancer: an RTOG analysis. J Clin Oncol.
2008; 26:3582–3589. [PubMed: 18559875]

14. Schwartz DL, Hutcheson KA, Barringer DA, et al. Candidate dosimetric predictors of long-term
swallowing dysfunction after oropharyngeal intensity-modulated radiotherapy. Int J Radiat Oncol
Biol Phys. 2010; 78:1356–1365. [PubMed: 20646872]

15. Caudell JJ, Schaner PE, Meredith RF, et al. Factors associated with long-term dysphagia after
definitive radiotherapy for locally advanced head-and-neck cancer. Int J Radiat Oncol Biol Phys.
2009; 73:410–415. [PubMed: 18635320]

16. Eisbruch A, Kim HM, Feng FY, et al. Chemo-IMRT of oropharyngeal cancer aiming to reduce
dysphagia: swallowing organs late complication probabilities and dosimetric correlates. Int J
Radiat Oncol Biol Phys. 2011; 81:e93–e99. [PubMed: 21592678]

17. Hunter, KU.; Feng, FY.; Schipper, M., et al. What is the clinical relevance of objective studies in
head and neck cancer patients receiving chemoirradiation? Analysis of aspiration in swallow
studies vs. risk of aspiration pneumonia. Paper presented at: American Society for Radiation
Oncology (ASTRO) Annual Meeting; October 2–6, 2011; Miami, FL.

18. Hutcheson KA, Lewin JS, Barringer DA, et al. Late dysphagia after radiotherapy-based treatment
of head and neck cancer. Cancer. 2012 In press.

19. Sinclair CF, McColloch NL, Carroll WR, Rosenthal EL, Desmond RA, Magnuson JS. Patient-
perceived and objective functional outcomes following transoral robotic surgery for early
oropharyngeal carcinoma. Arch Otolaryngol Head Neck Surg. 2011; 137:1112–1116. [PubMed:
22106235]

20. Hurtuk A, Agrawal A, Old M, Teknos TN, Ozer E. Outcomes of transoral robotic surgery: a
preliminary clinical experience. Otolaryngol Head Neck Surg. 2011; 145:248–253. [PubMed:
21810777]

21. Genden EM, Park R, Smith C, Kotz T. The role of reconstruction for transoral robotic
pharyngectomy and concomitant neck dissection. Arch Otolaryngol Head Neck Surg. 2011;
137:151–156. [PubMed: 21339401]

22. Weinstein GS, O’Malley BW Jr, Cohen MA, Quon H. Transoral robotic surgery for advanced
oropharyngeal carcinoma. Arch Otolaryngol Head Neck Surg. 2010; 136:1079–1085. [PubMed:
21079160]

23. Moore EJ, Olsen KD, Kasperbauer JL. Transoral robotic surgery for oropharyngeal squamous cell
carcinoma: a prospective study of feasibility and functional outcomes. Laryngoscope. 2009;
119:2156–2164. [PubMed: 19824067]

24. Starmer H, Gourin C, Lua LL, Burkhead L. Pretreatment swallowing assessment in head and neck
cancer patients. Laryngoscope. 2011; 121:1208–1211. [PubMed: 21484812]

25. Mylnarek AM, Rieger JM, Harris JR, et al. Methods of functional outcomes assessment following
treatment of oral and oropharyngeal cancer: review of the literature. J Otolaryngol Head Neck
Surg. 2008; 37:2–10. [PubMed: 18479615]

26. Dwivedi RC, Chisholm EJ, Khan AS, et al. An exploratory study of the influence of clinico-
demographic variables on swallowing and swallowing-related quality of life in a cohort of oral and
oropharyngeal cancer patients treated with primary surgery. Eur Arch Otorhinolaryngol. 2012;
269:1233–1239. [PubMed: 21909656]

Hutcheson and Lewin Page 9

Otolaryngol Clin North Am. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.springerlink.com/content/l87t8788u5871g11/?MUD=MP
http://www.springerlink.com/content/l87t8788u5871g11/?MUD=MP


27. Jaghagen EL, Bodin I, Isberg A. Pharyngeal swallowing dysfunction following treatment for oral
and pharyngeal cancer—association with diminished intraoral sensation and discrimination ability.
Head Neck. 2008; 30:1344–1351. [PubMed: 18720519]

28. O’Connell DA, Reiger J, Dziegielewski PT, et al. Effect of lingual and hypoglossal nerve
reconstruction on swallowing function in head and neck surgery: prospective functional outcomes
study. J Otolaryngol Head Neck Surg. 2009; 38:246–254. [PubMed: 19442376]

29. Markkanen-Leppanen M, Isotalo E, Makitie AA, et al. Swallowing after free-flap reconstruction in
patients with oral and pharyngeal cancer. Oral Oncol. 2006; 42:501–509. [PubMed: 16376135]

30. Yu P. Reinnervated anterolateral thigh flap for tongue reconstruction. Head Neck. 2004; 26:1038–
1044. [PubMed: 15459922]

31. Kimata Y, Uchiyama K, Ebihara S, et al. Comparison of innervated and noninnervated free flaps in
oral reconstruction. Plast Reconstr Surg. 1999; 104:1307–1313. [PubMed: 10513910]

32. Kimata Y, Sakuraba M, Hishinuma S, et al. Analysis of the relations between the shape of the
reconstructed tongue and postoperative functions after subtotal or total glossectomy.
Laryngoscope. 2003; 113:905–909. [PubMed: 12792331]

33. Yun IS, Lee DW, Lee WJ, Lew DH, Choi EC, Rah DK. Correlation of neotongue volume changes
with functional outcomes after long-term follow-up of total glossectomy. J Craniofac Surg. 2010;
21:111–116. [PubMed: 20061966]

34. Weber RS, Ohlms L, Bowman J, Jacob R, Goepfert H. Functional results after total or near total
glossectomy with laryngeal preservation. Arch Otolaryngol Head Neck Surg. 1991; 117:512–515.
[PubMed: 1902355]

35. Roe JW, Carding PN, Dwivedi RC, et al. Swallowing outcomes following intensity modulated
radiation therapy (IMRT) for head & neck cancer—a systematic review. Oral Oncol. 2010;
46:727–733. [PubMed: 20850370]

36. Eisbruch A, Schwartz M, Rasch C, et al. Dysphagia and aspiration after chemoradiotherapy for
head-and-neck cancer: which anatomic structures are affected and can they be spared by IMRT?
Int J Radiat Oncol Biol Phys. 2004; 60:1425–1439. [PubMed: 15590174]

37. Feng FY, Kim HM, Lyden TH, et al. Intensity-modulated radiotherapy of head and neck cancer
aiming to reduce dysphagia: early dose-effect relationships for the swallowing structures. Int J
Radiat Oncol Biol Phys. 2007; 68:1289–1298. [PubMed: 17560051]

38. Caglar HB, Tishler RB, Othus M, et al. Dose to larynx predicts for swallowing complications after
intensity-modulated radiotherapy. Int J Radiat Oncol Biol Phys. 2008; 72:1110–1118. [PubMed:
18468812]

39. Levendag PC, Teguh DN, Voet P, et al. Dysphagia disorders in patients with cancer of the
oropharynx are significantly affected by the radiation therapy dose to the superior and middle
constrictor muscle: a dose-effect relationship. Radiother Oncol. 2007; 85:64–73. [PubMed:
17714815]

40. Kotz T, Federman AD, Kao J, et al. Prophylactic swallowing exercises in patients with head and
neck cancer undergoing chemoradiation: a randomized trial. Arch Otolaryngol Head Neck Surg.
2012; 138:376–382. [PubMed: 22508621]

41. Carnaby-Mann G, Crary MA, Schmalfuss I, Amdur R. "Pharyngocise": randomized controlled trial
of preventative exercises to maintain muscle structure and swallowing function during head-and-
neck chemoradiotherapy. Int J Radiat Oncol Biol Phys. 2012; 83:210–219. [PubMed: 22014959]

42. Carnaby –Mann, GD.; Lagorio, L.; Crary, MA.; Amdur, R.; Schmalfuss, I. Dysphagia prevention
exercises in head and neck cancer: pharyngocise dose response study. Paper presented at: 20th
Annual Dysphagia Research Society Meeting; March 7–10, 2012; Toronto, Ontario, Canada.

43. Kulbersh BD, Rosenthal EL, McGrew BM, et al. Pretreatment, preoperative swallowing exercises
may improve dysphagia quality of life. Laryngoscope. 2006; 116:883–886. [PubMed: 16735913]

44. Shinn EH, Basen-Engquist KM, Guam G, et al. Observation of adherence patterns to preventative
swallowing exercises in oropharynx cancer survivors. Head Neck. In press.

45. Carroll WR, Locher JL, Canon CL, Bohannon IA, McColloch NL, Magnuson JS. Pretreatment
swallowing exercises improve swallow function after chemoradiation. Laryngoscope. 2008;
118:39–43. [PubMed: 17989581]

Hutcheson and Lewin Page 10

Otolaryngol Clin North Am. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



46. Bhayani M, Hutcheson KA, Barringer DA, Roberts DB, Lewin JS, Lai S. Gastrostomy tube
placement in patients with hypopharyngeal cancer treated with chemoradiotherapy: factors
affecting placement and dependence. Head Neck. In press.

47. Gillespie MB, Brodsky MB, Day TA, Lee FS, Martin-Harris B. Swallowing-related quality of life
after head and neck cancer treatment. Laryngoscope. 2004; 114:1362–1367. [PubMed: 15280708]

48. Langmore S, Krisciunas GP, Miloro KV, Evans SR, Cheng DM. Does PEG use cause dysphagia in
head and neck cancer patients? Dysphagia. 2012; 27:251–259. [PubMed: 21850606]

49. Bhayani M, Hutcheson KA, Barringer DA, Roberts DB, Lewin JS, Lai S. Gastrostomy tube
placement in patients with oropharyngeal cancer treated with chemoradiotherapy: factors affecting
placement and dependence. Head Neck. In press.

50. van der Molen L, van Rossum MA, Burkhead LM, Smeele LE, Rasch CR, Hilgers FJ. A
randomized preventive rehabilitation trial in advanced head and neck cancer patients treated with
chemoradiotherapy: feasibility, compliance, and short-term effects. Dysphagia. 2011; 26:155–170.
[PubMed: 20623305]

51. Skelly M, Donaldson RC, Fust RS, Townsend DL. Changes in phonatory aspects of glossectomee
intelligibility through vocal parameter manipulation. J Speech Hear Disord. 1972; 37:379–389.
[PubMed: 5057254]

52. Skelly M, Spector DJ, Donaldson RC, Brodeur A, Paletta FX. Compensatory physiologic
phonetics for the glossectomee. J Speech Hear Disord. 1971; 36:101–114. [PubMed: 5573256]

53. de Carvalho-Teles V, Sennes LU, Gielow I. Speech evaluation after palatal augmentation in
patients undergoing glossectomy. Arch Otolaryngol Head Neck Surg. 2008; 134:1066–1070.
[PubMed: 18936352]

54. Marunick M, Tselios N. The efficacy of palatal augmentation prostheses for speech and
swallowing in patients undergoing glossectomy: a review of the literature. J Prosthet Dent. 2004;
91:67–74. [PubMed: 14739896]

55. McCabe D, Ashford J, Wheeler-Hegland K, et al. Evidence-based systematic review:
oropharyngeal dysphagia behavioral treatments. Part IV—impact of dysphagia treatment on
individuals’ postcancer treatments. J Rehabil Res Dev. 2009; 46:205–214. [PubMed: 19533534]

56. Antunes EB, Lunet N. Effects of the head lift exercise on the swallow function: a systematic
review. Gerodontology. 2012 [published online ahead of print May 21, 2012]. http://
onlinelibrary.wiley.com/doi/10.1111/j.1741-2358.2012.00638.x/full.

57. Crary MA, Carnaby-Mann GD, Lagorio LA, Carvajal PJ. Functional and physiological outcomes
from an exercise-based dysphagia therapy: a pilot investigation of the McNeill Dysphagia Therapy
program. Arch Phys Med Rehabil. 2012; 93:1173–1178. [PubMed: 22365489]

58. Shaker R, Easterling C, Kern M, et al. Rehabilitation of swallowing by exercise in tube-fed
patients with pharyngeal dysphagia secondary to abnormal UES opening. Gastroenterology. 2002;
122:1314–1321. [PubMed: 11984518]

59. Kahrilas PJ, Logemann JA, Krugler C, Flanagan E. Volitional augmentation of upper esophageal
sphincter opening during swallowing. Am J Physiol. 1991; 260:G450–G456. [PubMed: 2003609]

60. Fujiu M, Logemann JA. Effect of a tongue holding maneuver on posterior pharyngeal wall
movement during deglutition. Am J Speech-Lang Pathol. 1996; 5:23–30.

61. Fujiu M, Logemann JA, Pauloski BR. Increased post-operative posterior pharyngeal wall
movement in anterior oral cancer patients: preliminary findings and possible implications for
treatment. Am J Speech-Lang Pathol. 1995; 4:24–30.

62. Lazarus C, Logemann JA, Song CW, Rademaker AW, Kahrilas PJ. Effects of voluntary maneuvers
on tongue base function for swallowing. Folia Phoniatr Logop. 2002; 54:171–176. [PubMed:
12169803]

63. Huckabee ML, Steele CM. An analysis of lingual contribution to submental surface
electromyographic measures and pharyngeal pressure during effortful swallow. Arch Phys Med
Rehabil. 2006; 87:1067–1072. [PubMed: 16876551]

64. Burkhead LM, Sapienza CM, Rosenbek JC. Strength-training exercise in dysphagia rehabilitation:
principles, procedures, and directions for future research. Dysphagia. 2007; 22:251–265.
[PubMed: 17457549]

Hutcheson and Lewin Page 11

Otolaryngol Clin North Am. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://onlinelibrary.wiley.com/doi/10.1111/j.1741-2358.2012.00638.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1741-2358.2012.00638.x/full


65. Robbins J, Butler SG, Daniels SK, et al. Swallowing and dysphagia rehabilitation: translating
principles of neural plasticity into clinically oriented evidence. J Speech Lang Hear Res. 2008;
51:S276–S300. [PubMed: 18230851]

66. Humbert IA, Poletto CJ, Saxon KG, et al. The effect of surface electrical stimulation on
hyolaryngeal movement in normal individuals at rest and during swallowing. J Appl Physiol.
2006; 101:1657–1663. [PubMed: 16873602]

Hutcheson and Lewin Page 12

Otolaryngol Clin North Am. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



KEY POINTS

• The number of long-term oral cavity and oropharyngeal cancer survivors is
increasing. Speech and swallowing outcomes are critical survivorship endpoints.

• Pretreatment functional assessment is essential to plan rehabilitation and
supportive care, to predict functional outcomes, and to select the modality of
therapy most likely to maximize functional outcomes.

• Refinements in surgical reconstruction, conformal radiotherapy techniques, and
preventive therapy can be used to reduce functional problems after treatment.

• Posttreatment rehabilitation requires individualized planning on the basis of
standardized, instrumental assessments.

Hutcheson and Lewin Page 13

Otolaryngol Clin North Am. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hutcheson and Lewin Page 14

Table 1

Pretreatment functional assessment methods

Pretreatment functional assessment Domains assessed

Clinical examinations

  Cranial nerve/oral motor examination Symmetry/range of motion oral musculature

Oral opening

  Motor speech examination Articulation

Resonance

Voice quality

Subjective intelligibility rating

  Clinical swallowing evaluation Oral preparatory functions: mastication, oral containment, bolus consolidation

Oral phase functions: oral control, oral clearance

Pharyngeal phase functions (inferred): airway protection, pharyngeal transit

Instrumental examinations

  Modified barium swallow Oral and pharyngeal physiology

Airway protection: laryngeal penetration, aspiration

Pharyngeal transit: residue

  Fiberoptic endoscopic evaluation of swallowing Laryngeal and pharyngeal physiology

Airway protection: laryngeal penetration, aspiration

Pharyngeal transit: residue

No direct observation of oral phase

  Laryngeal videostroboscopy Vocal fold mobility

Symmetry, amplitude, periodicity

Mucosal wave

Laryngeal pathology
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Table 2

Evidence for preventive “Use it or lose it” swallowing therapy in irradiated head and neck cancer patients

Institution Study design Comparison Outcomes

“Use it or lose it” principal: early swallowing exercises

  University of Alabama–Birmingham Retrospective* Pretreatment exercise
vs standard care†

Superior MDADI scores43‡

Better base of tongue and epiglottic
movement45

  The University of Texas MD Anderson
Cancer Center

Retrospective* Adherent to
pretreatment exercise
vs not adherent

Shorter duration of percutaneous
endoscopic gastrostomy46,49

Superior MDADI scores44

  University of Florida Randomized controlled trial Pretreatment exercise
vs pretreatment sham
exercise vs standard
care†

Significant preservation of muscle
mass according to magnetic
resonance imaging41

  Netherlands Cancer Institute Randomized clinical trial Pretreatment exercise
vs pretreatment
exercise + Therabite

Improved mouth opening50

  Mount Sinai Randomized controlled trial Pretreatment exercise
vs standard care†

Superior diet levels (3–6 months
after conformal radiotherapy)40

“Use it or lose it” principal: avoid NPO

  Medical University of South Carolina Retrospective with cross-
sectional survey*

Prolonged NPO (>2
weeks) vs no
prolonged NPO
interval

Significantly lower MDADI scores
with prolonged NPO47

  Boston University Retrospective* Partial or fully PO at
end of radiotherapy vs
100% NPO

Partial or fully PO led to
significantly better diet levels
(through 12 months) after
radiotherapy48

*
Observational between-group comparisons; not randomized.

†
Standard care = no pretreatment exercise, posttreatment exercise provided as indicated.

‡
MDADI, MD Anderson Dysphagia Inventory.
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