
XEROSTOMIA: 12-MONTH CHANGES IN SALIVA
PRODUCTION AND ITS RELATIONSHIP TO
PERCEPTION AND PERFORMANCE OF SWALLOW
FUNCTION, ORAL INTAKE, AND DIET
AFTER CHEMORADIATION

Jeri A. Logemann, PhD,1 Barbara Roa Pauloski, PhD,1 Alfred W. Rademaker, PhD,2

Cathy L. Lazarus, PhD,1 Bharat Mittal, MD,3 Joy Gaziano, MA,4 Linda Stachowiak, MS,4

Ellen MacCracken, MS,5 Lisa A. Newman, ScD6

1 Northwestern University, Department of Communication Sciences and Disorders, 2299 N. Campus Drive,
Evanston, Illinois 60208. E-mail: j-logemann@northwestern.edu
2 Northwestern University, The Robert H. Lurie Comprehensive Cancer Center, Chicago, Illinois
3 Northwestern University Medical School, Chicago, Illinois
4 H. Lee Moffitt Cancer Center, Tampa, Florida
5 University of Chicago, Chicago, Illinois
6 University of Tennessee College of Medicine, Memphis, Tennessee

Accepted 7 October 2002
Published online 17 January 2003 in Wiley InterScience (www.interscience.wiley.com). DOI 10.1002/hed.10255

Abstract: Background. Previous investigators have found
permanent changes in saliva production after chemoradiation but
have not examined these in relation to swallowing measures, diet
changes, and patient comfort over time.

Methods. Thirty patients with advanced stage cancer of the
oropharynx treated with chemoradiation were followed with vid-
eofluoroscopic swallow studies, a measure of stimulated total
saliva production, a questionnaire of their perception of dry
mouth, and a questionnaire on the nature of their oral intake at
pretreatment until 12 months after treatment.

Results. Saliva declined significantly from pretreatment to 12
months. Swallowing-related complaints increased significantly
over the 12 months, especially in patients with lower saliva
weights. Diet choices increased over time after treatment, except
crunchy foods. Swallow measures did not relate to saliva weight.

Conclusions. Reduced saliva weight does not correlate with
slowed or inefficient swallow. Instead, reduced saliva weight
seems to change patients’ perceptions of their swallowing ability
and, on that basis, their diet choices. © 2003 Wiley Periodicals,
Inc. Head Neck 25: 432–437, 2003
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In an earlier article, we examined the effects of
xerostomia, measured as saliva weight in grams,
on perception and performance of swallow func-
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tion in 36 patients with advanced stage cancer of
the oropharynx before treatment and 3 months
after treatment using chemoradiation. Results of
this article confirmed the results of earlier stud-
ies2,3 that chemoradiation caused xerostomia and
a significant increase in patient perception of
swallowing difficulties. However, although the
xerostomia did not affect physiologic aspects of
bolus transport during swallow, it did signifi-
cantly affect the patient’s comfort in eating and
diet choices. Other authors4–6 have found perma-
nent changes in saliva production but have not
examined these in relation to swallowing mea-
sures and diet choices. The question remains as to
whether the changes in diet choices and comfort
in eating as well as the xerostomia continue be-
yond 3 months after treatment completion.

In this study, we examined 30 patients with
advanced stage cancer of the oropharynx treated
with chemoradiation followed from before treat-
ment until 12 months after treatment. This study

is needed to answer the question, “Do xerostomia,
swallow function, and normalcy of diet improve
over the first 12 months after treatment in pa-
tients treated with chemoradiation?”

METHODS

Subjects for the study were 30 individuals be-
tween the ages of 38 and 75 accrued sequentially
from participating institutions, who received full-
course radiotherapy and chemotherapy to the oral
cavity or oropharyngeal areas and who were ob-
served at all four time points. All patients re-
ceived at least 6000 cGy with concurrent chemo-
therapy (Table 1). The area radiated was virtually
identical for all patients (±2 mm).

Each patient received four test procedures be-
fore beginning their treatment and again at 3, 6,
and 12 months after completion of their treat-
ment: (1) a questionnaire containing 12 questions
requesting information on the patient’s percep-
tion of dry mouth, food sticking, and other items

Table 1. Age, gender, site of disease, disease stage, total radiation dose delivered, and chemotherapy used in the 30 head and
neck cancer patients.

Subject
no. Age Gender Site of disease

Disease
stage

Total RT
delivered

dose (cGy) Drugs

1 50 Female Nasopharynx IV 7000 Taxol, 5-FU hydrea Procrit
2 50 Female Nasopharynx IV 7050 Carboplatin taxol hydrea 5-FU
3 66 Male Oropharynx II 7350 Taxol, 5-FU hydrea
4 65 Male Oropharynx III 7050 Taxol, 5-FU hydrea
5 60 Male Oropharynx III 7000 Cisplatin (RADPLAT)
6 75 Male Oropharynx IV 7150 Cisplatin 5-FU
7 49 Male Oropharynx IV 7350 Taxol, 5-FU hydrea
8 67 Male Oropharynx IV 7350 Taxol, 5-FU hydrea
9 66 Male Oropharynx IV 7650 Taxol, 5-FU hydrea

10 69 Male Oropharynx IV 7000 Cisplatin (RADPLAT)
11 69 Female Oropharynx IV 7000 Cisplatin taxol
12 54 Male Oropharynx IV 7000 5-FU hydrea
13 60 Male Oropharynx IV 7400 Taxol, 5-FU hydrea
14 65 Male Oropharynx IV 7500 Carboplatin taxol hydrea 5-FU
15 65 Male Hypopharynx III 7000 Cisplatin taxol
16 52 Male Hypopharynx IV 7050 Taxol, 5-FU hydrea
17 61 Male Larynx III 6900 5-FU hydrea
18 51 Female Larynx III 7050 5-FU hydrea
19 40 Female Larynx III 7100 Cisplatin (RADPLAT)
20 56 Female Larynx IV 7050 Taxol, 5-FU hydrea
21 50 Male Larynx IV 7200 Carboplatin taxol hydrea 5-FU
22 52 Female Larynx IV 7400 Taxol, 5-FU hydrea procrit
23 44 Male Larynx IV 7500 Carboplatin taxol hydrea 5-FU
24 53 Male Larynx IV 7350 Carboplatin taxol hydrea 5-FU
25 60 Male Larynx IV 7000 Carboplatin 5-FU
26 70 Male Larynx IV 7200 Cisplatin (RADPLAT)
27 41 Male Unknown primary IV 6000 Taxol, 5-FU hydrea
28 38 Male Unknown primary IV 6000 Taxol, 5-FU hydrea
29 55 Male Unknown primary IV 6000 Taxol, 5-FU hydrea
30 61 Male Unknown primary IV 7500 Taxol, 5-FU hydrea
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listed in Table 3, completed during patient inter-
view; (2) stimulated whole saliva production
(from all salivary glands) evaluated by weighing a
4� x 4� gauze pad before and after the patient
chewed the gauze for 2 minutes7 and reported in
grams; (3) a videofluorographic study of oropha-
ryngeal swallow during which patients were
given two swallows each of 1, 3, 5, and 10 mL of
thin liquid and 3 mL of pudding consistency8; and
(4) a questionnaire on the nature of their oral in-
take consisting of questions on percentage of oral
intake of various food consistencies. All patients
were disease free at time of follow-up and com-
pleted all evaluation points. The protocol was ap-
proved by the Institutional Review Board of
Northwestern University and participating insti-
tutions, and all patients signed informed consent
statements.

The videotape of the videofluorographic study
of oropharyngeal swallow was analyzed in slow
motion and frame by frame to make two temporal
measures of the oropharyngeal swallow and two
observations of residual food remaining in the
oral cavity and pharynx after the swallow: (1) oral

transit time (the time from initial posterior move-
ment of the bolus in the oral cavity until the lead-
ing edge of the bolus reached the point at which
the lower rim of the mandible crosses the tongue
base); (2) pharyngeal delay time (the time when
the bolus head or leading edge reached the point
at which the mandible crosses the tongue base
until laryngeal elevation is seen to begin, indicat-
ing the onset of the pharyngeal motor response);
(3) approximate percentage of the bolus remain-
ing in the oral cavity after the swallow (oral resi-
due); and (4) the approximate percentage of the
bolus remaining in the pharynx after the swallow
(pharyngeal residue). These measures and obser-
vations were made for each of the liquid swallows
and each of the pudding swallows. Average in-
terobserver and intraobserver reliability on these
measures and observations were .93 and .99, re-
spectively.

Statistical Analysis. Repeated measures analysis
of variance was used to test for differences in
mean saliva weight over time. Cochran’s Q was
used to test for differences in oral intake (�50%

Table 2. Mean (± SEM) saliva weight, percentage of patients taking 50% or less of their nutrition
orally, and percentage of patients who did not eat all food consistencies at before treatment and 3,

6, and 12 months after treatment.

Saliva weight <50% Oral intake
Did not eat all
consistencies

n Mean (SEM) n No. (%) �50% n No. (%)

Before 30 5.21 0.45 30 1 (3%) 30 10 (30%)
3 months 30 0.84 0.17 30 6 (20%) 30 18 (60%)
6 months 30 0.93 0.14 30 3 (10%) 30 18 (60%)
12 months 30 1.07 0.18 30 2 (7%) 30 14 (47%)
p Value <.0001 .01 .03
Pairwise comparisons* 1,2,3 1, 4 1, 2

*1: p < .05 before vs. 3 mos; 2: p < .05 before vs. 6 mos; 3: p < .05 before vs. 12 mos; 4: p < .05 3 mos. vs. 12 mos.

Table 3. Frequency of eating and swallowing-related complaints (number and percent) in the 30
patients completing pretreatment, 3, 6, and 12 months.

Perceived problem Pretreatment 3 Months 6 Months 12 Months p value

1. Swallowing problems 15 (52%) 21 (70%) 17 (57%) 21 (70%) .24
2. Dry mouth 10 (34%) 30 (100%) 28 (93%) 27 (90%) <.0001
3. Food sticks in mouth 6 (21%) 20 (67%) 20 (69%) 20 (67%) <.0001
4. Food sticks in throat 5 (17%) 14 (47%) 20 (69%) 20 (67%) <.0001
5. Food will not go down 6 (21%) 18 (60%) 16 (55%) 17 (57%) <.0001
6. Need water assist 7 (24%) 25 (83%) 26 (90%) 26 (87%) <.0001
7. Choking 7 (24%) 16 (53%) 10 (34%) 14 (47%) .007
8. Coughing 11 (38%) 18 (60%) 18 (62%) 20 (67%) .0002
9. Food/liquid comes up 4 (14%) 6 (20%) 2 (7%) 8 (27%) .14

10. Heartburn 14 (48%) 11 (37%) 10 (34%) 7 (23%) .02
11. Night cough/gag 14 (48%) 15 (50%) 11 (37%) 10 (33%) .48
12. Changes in taste 3 (10%) 24 (80%) 24 (89%) 18 (60%) <.0001
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[less than or equal to 50% oral intake], >50%
[greater than 50% oral intake]) and inability to
eat all food consistencies (yes, no) over time. Be-
cause the tests for these three variables were all
significant (p < .05), pairwise comparisons were
each done at p < .05 using either the paired t test
or McNemar’s test. The frequency of complaints
was compared over time using Cochran’s Q test.
Comparisons of mean saliva weight between per-
sons and with and without swallowing complaints
were done using the independent sample t test.
Repeated measures analysis of covariance was
used to relate temporal swallowing measures and
observations to saliva weight. All statistical
analyses were done using the SAS statistical soft-
ware.9

RESULTS

These 30 patients exhibited a significant decline
in saliva production from pretreatment to 3
months after treatment, and this significant de-
cline remained when 6- and 12-month posttreat-
ment saliva production was compared with pre-
treatment levels (Table 2). The percentage of the
30 patients taking 50% or less of their nutrition
orally (Table 2) increased significantly from pre-
treatment to 3 months after treatment and de-
creased significantly at 12 months after treat-
ment compared with 3 months after treatment.
The percentage of patients who did not eat all
food consistencies increased significantly from
pretreatment to 3 and 6 months after treatment,
but differences between pretreatment and 12
months after treatment were not significantly dif-
ferent. Ten patients had gastrostomy tubes in
place at one or more points in the follow-up. Three

patients had a gastrostomy pretreatment (2 while
taking 100% oral nutrition), 11 at 1 month (1
while taking 100% oral nutrition), 10 at 3 months,
4 at 6 months (1 while taking 100% oral intake),
and 2 at 12 months.

The frequency of eating and swallowing-
related complaints increased significantly from
pretreatment to 3, 6, and 12 months, as reflected
in Table 3. Only the general complaint of swal-
lowing problems and complaint of food/liquid
coming up and night cough or gag (both possible
signs of gastroesophageal reflux disease) did not
increase after treatment. Comparisons of saliva
weight in patients with and without swallow com-
plaints are shown in Table 4. In general, patients
with swallowing complaints had lower saliva
weights than patients without swallowing com-
plaints. Complaints in which saliva weights were
significantly different for patients with and with-
out those complaints did not occur at more than
one point.

By use of analysis of covariance, regression co-
efficients between temporal measures and obser-
vations of oropharyngeal swallow and saliva
weight pooled revealed no significant correlation
coefficients. On this basis, saliva weight does not
seem to relate to swallow transit times (bolus
movement), pharyngeal delay, or oral or pharyn-
geal residue.

Figure 1 presents the percentage of the 30 pa-
tients who could not eat thin liquids, thick liq-
uids, pudding, soft masticated, and crunchy foods
at each evaluation point. In general, the numbers
of patients who could not eat each food consis-
tency increased at 3 months after treatment but
decreased over time. The most difficult diet type

Table 4. Comparison of mean saliva weight (g) between patients with and without eating and swallowing complaints.

Pretreatment 3 months

With
complaint

Without
complaint p value

With
complaint

Without
complaint p value

1. Swallowing problems 4.93 5.75 0.39 0.75 1.10 0.51
2. Dry mouth 4.89 5.55 0.50 0.84 * *
3. Food sticks in mouth 5.20 5.36 0.89 0.71 1.14 0.37
4. Food sticks in throat 5.76 5.24 0.67 0.86 0.85 0.98
5. Food will not go down 4.43 5.56 0.32 0.73 1.04 0.50
6. Need water assist 4.73 5.51 0.47 0.73 1.65 0.46
7. Choking 5.49 5.27 0.76 0.68 1.05 0.30
8. Coughing 5.81 5.03 0.35 1.07 0.55 0.09
9. Food/liquid comes up 5.55 5.29 0.85 0.53 0.93 0.10

10. Heartburn 4.94 5.69 0.42 0.80 0.89 0.80
11. Night cough/gag 6.28 4.43 0.04† 1.02 0.70 0.38
12. Changes in taste 4.68 5.40 0.64 0.71 1.42 0.37

Xerostomia, Diet, and Patient Perception HEAD & NECK June 2003 435



was crunchy foods which 43% of the patients did
not eat even at 12 months after completion of che-
moradiation.

DISCUSSION

The reduction in saliva production seen in these
30 patients at 3 months after treatment contin-
ued for the rest of the year after treatment, sup-
porting prior research2,3 and discrediting the no-
tion that xerostomia decreases over time after
chemoradiation. These data do not address xero-
stomia caused by other etiologies, which may ex-
hibit different patterns of changes over time. The
percentage of patients who returned to 50% or
greater oral intake increased significantly over
the 12 months of follow-up despite the fact that
xerostomia did not improve, indicating that
changes in xerostomia may not be the major fac-
tor in the patients’ return to increased oral in-
take. Swallowing and eating-related complaints

also did not decrease in frequency over the 12
months, and saliva weight was lower but not sig-
nificantly so in patients with complaints. Physi-
ologic swallow measures of transit times, pharyn-
geal delay, and oral and pharyngeal residue were
not related to saliva weight, indicating that the
reduced saliva weight does not seem to result in
actual slowed or inefficient swallow. Rather, the
reduction in saliva weight seems to change the
patient’s perception of their swallowing ability
and affects their diet choices.

Diet is a reflection of voluntary preferences
and patient perception of their ability to eat vari-
ous foods. Data on the diet choices of these 30
patients support patient perceptions of their dif-
ficulties in eating. Many patients chose to avoid
crunchy foods, which they may have felt more un-
comfortable chewing and swallowing.

Chemoradiation may affect the sensory nerve
endings in the oral cavity, thus affecting the pa-
tient’s perception. Other investigators have found
perceptual changes in the presence of xerosto-
mia.10–12 Sensory changes in the oral cavity re-
quire further investigation in patients treated
with chemoradiation. Increasing our knowledge
of any sensory changes should help us in moving
the patient back to a more normal diet.

These data present a challenge to the clinician
managing the patient with xerostomia resulting
from chemoradiation. There is no validated direct
behavioral or other therapy for sensory damage.
The patient may benefit from intensive counsel-
ing regarding their actual swallowing ability com-
pared with their perception of it. Encouraging pa-

FIGURE 1. Percentage of the 30 patients who could not eat each
type of food over the 12 months of follow-up.

Table 4. (continued)

6 months 12 months

With
complaint

Without
complaint p value

With
complaint

Without
complaint p value

1. Swallowing problems 0.92 0.94 0.95 0.87 1.53 .25
2. Dry mouth 0.97 0.34 0.26 0.90 2.60 .30
3. Food sticks in mouth 0.74 1.41 0.09 0.95 1.31 .46
4. Food sticks in throat 0.92 1.01 0.76 0.85 1.49 .23
5. Food will not go down 0.90 1.01 0.69 0.82 1.39 .18
6. Need water assist 0.87 1.66 0.46 0.95 1.82 .48
7. Choking 0.70 1.08 0.21 0.85 1.26 .25
8. Coughing 1.08 0.74 0.20 1.15 0.91 .55
9. Food/liquid comes up 1.13 0.93 0.73 1.12 1.05 .87

10. Heartburn 0.73 1.06 0.28 1.71 0.87 .25
11. Night cough/gag 0.97 0.90 0.82 1.39 0.90 .32
12. Changes in taste 0.86 2.05 0.01† 1.02 1.13 .80

*100% of patients had this complaint.
†p � .05
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tients to continue to increase fluid intake and to
alternate food and liquid may also be helpful.
Further studies of these patients over time, inves-
tigations of medication effects, and effects of xe-
rostomia resulting from other etiologies are
needed.

REFERENCES
1. Logemann JA, Smith CH, Pauloski BR, et al. Effects of

xerostomia on perception and performance of swallow
function. Head Neck 2001;23:317–321.

2. Eisbruch A, Kim HM, Terrell JE, Marsh LH, Dawson LA,
Ship JA. Xerostomia and its predictors following parotid-
sparing irradiation of head-and-neck cancer. Int J Radiat
Oncol Biol Phys 2001;50:695–704.

3. Henson BS, Eisbruch A, D’Hondt E, Ship JA. Two-year
longitudinal study of parotid salivary flow rates in head
and neck cancer patients receiving unilateral neck pa-
rotid-sparing radiotherapy treatment. Oral Oncology
1999;35:234–241.

4. Cheng VST, Downs J, Herbert D. The function of the pa-
rotid gland following radiation therapy for head and neck
cancer. Int J Radiat Oncol Biol Phys 1981;7:253–258.

5. Kashima HK, Kirkham WR, Andrews JR. Post irradiation
sialadenitis: a study of the clinical features, histopatho-
logic changes and serum enzyme variations following ir-
radiation of human salivary glands. Am J Roentgenol Rad
Therapy Nuclear Med 1965;94:271–291.

6. Tsujii H. Quantitative dose-response analysis of salivary
function following radiotherapy using sequential RI-
sialography. Int J Radiat Oncol Biol Phys 1985;11:
1603–1612.

7. Dawes C. Physiological factors affecting salivary flow
rate, oral sugar clearance, and the sensation of dry mouth
in man. J Dent Res 1987;66:648–653.

8. Logemann JA. Manual for the videofluorographic study of
swallowing, 2nd ed. Austin, TX: Pro-Ed; 1993. p. 170.

9. SAS Institute, Inc. SAS/STAT Software: changes and en-
hancements for release 6.12. Cary, NC: SAS Institute,
Inc.; 1997. p. 1167.

10. Brosvic GM, Hoey NE. Taste detection and discrimination
performance of rats following selective desalivation. Phys-
iol Behav 1990;48:617–623.

11. Christensen CM. Role of saliva in human taste percep-
tion. In: Meiselman HR, Rivlin RS, editors. Clinical mea-
surement of taste and smell. New York: MacMillan; 1986.

12. Månsson I, Sandberg N. Salivary stimulus and swallow-
ing reflex in man. Acta Otolaryngol (Stockh) 1975;79:
445–450.

Xerostomia, Diet, and Patient Perception HEAD & NECK June 2003 437


