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Xerostomia (dryness of the mouth) is one of the 
undesirable side effects produced by radiation when 
treating head and neck areas. It is important to the 
clinician because of the deleterious effects it has on 
taste, appetite and the teeth (SILVERMAN & CHIER- 
ICI 1965, BLOZIS & ROBINSON 1968, CARL et coll. 
1972, DALY et coll. 1972, CONGER 1973, WESCOTT 
et coll. 1975). Hence, it is useful to know the differ- 
ent factors that influence its course, intensity and 
duration. If these are well known, xerostomia might 
be avoidable in some cases. In two previous com- 
munications some of them were described (WES- 
Con et coll. 1978, MIRA et coll. 1981): field arrange- 
ment, amount of salivary glands irradiated, interrup- 
tion of therapy (split course), dose and initial sali- 
vary flow rate. The present communication address- 
es the correlation between these last two factors. 

Material and Methods 

The data in the Table are based on 11 patients 
who -had virtually all major and minor salivary 
glands irradiated with 2.25 Gy per day, Monday 
through Thursday, up to 45 to 63 Gy. Details of the 
irradiation technique and saliva collection have 
been explained by WESCOTT et coll. (1978). Briefly, 
patients were irradiated with a 6oCo teletherapy unit 
using parallel opposed lateral fields with equal load- 
ing. Dosage was fairly uniform within the treated 
volume, and all salivary glands were considered 
uniformly irradiated. Unstimulated saliva samples 

were collected before irradiation, with patients sit- 
ting quietly, allowing saliva to drool into a plastic 
funnel plate in a graduated tube (BECKS & WAIN- 
WRIGHT 1943, MASON & CHISHOLM 1975). 

Initial flow rate ( I F R )  values in the table are the 
mean of pretreatment flow rate measurements. All 
patients had from 2 to 7 whole saliva samples col- 
lected before irradiation. 

Saliva samples during the course of treatment 
were taken several times a week, allowing observa- 
tion of the progressive downward trend in the saliva 
flow rate. This continued until the flow decreased to 
almost total dryness (i.e. below 0.1 ml/min). After 
this point, this minimum flow rate (MFR; Table) 
remained constant throughout treatment and subse- 
quent follow-up with minimum daily variations. 

The statistical analysis of the correlation of the 
Figure was done using the F distribution (DANIEL 
1974). 

Results 

Although some variation in initial flow was found 
within each patient, this variation was small when 
compared with the pretreatment wide variations 
among patients (from 0.15 to 1.46 ml/min; Table). 

Patients with high initial flow required higher radi- 
ation doses to reach minimum flow. Those with 
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initial flow above 0.75 ml/min had to receive more 
than 38 Gy, while patients with flow below 0.70 
m h i n  required usually less than 20 Gy. 

The Figure shows a good correlation coefficient 
(r=0.837) between initial flow and the cumulative 
dose resulting in minimum flow. A linear regression 
of the data using a least squares fit yielded the 
relation: MFR dose (D) = 27 Gy x IFR + 3.6 Gy, 
where D is the dose required to produce minimum 
flow rate and IFR is the initial flow rate (ml/min). 
Statistical analysis shows this correlation to be sig- 
nificant (p<O.OI). This good correlation is also 
found when the time to develop minimum flow and 
initial flow was compared. This is of course expect- 
ed as all the patients were treated with the same 
dose fractionation. Hence, it will take a longer time 
to reach higher dosages. 

Discussion 

Information from the  literature about the dosage 
and time required to produce xerostomia is scarce 
and somewhat contradictory. Doses of 15 Gy (BLo- 
ZIS & ROBINSON) and 20 Gy (ENEROTH et coll. 
1972 a) have been reported; time to produce dryness 
between 2 and 6 hours after irradiation ( K A S H I M A  et 
coll. 1965), by the third week (RUBIN & DOKU 
19761, about the middle of the third week (ROBIN- 

SON 1964) and after 1 to 3 weeks of treatment (DES- 
JARDINS 1931). Dosage and time are influenced by 
several factors (WESCOTT et coll. 1978, MIRA et 
coll.). Hence, no simple answer to this question 
seems to exist. 

The mean preirradiation whole saliva flow rate 
was similar to that described by others (SCHNEYER 
& LEVIN 1954, HOLMES 1964). The large individual 
variations in the patients are also consistent with 
published data (BECKS & WAINWRIGHT, DAWES 
1972, ENEROTH et coll. 1972a). 

A detailed explanation about the  reasons for the  
linear correlation between the two parameters (Fig- 
ure) is beyond the scope of this communication, 
and it is not properly known. The present findings 
are similar to those described by ENEROTH et coll. 
(I972 a), although they did not attempt to develop a 
linear correlation. They found that glands with high 
initial flow were larger than the average, while those 
with low initial flow were smaller. They were of the 
opinion that the fact that higher doses were needed 
to extinguish large glands was because these had 
a lesser sensitivity to radiation than the small ones. 

Table 

Rdtrtion heticx~en inititrl f l o i i ,  rcrte crnd c~rinirilotivc t losc~ heforP 
occrirr t~i iw of rninitnrrm ,flou. rtrte 

Case Initial Minimum flow rate after 
No. flow rate 

(ml/min) cumulative Days of first 
dose (Gy) irradiation 

I 
2 
3 
4 
5 
6 
7 
8 
9 

1 0 
I I  

I .46 
1.21 
0.87 
0.75 
0.70 
0.61 
0.50 
0.39 
0.37 
0. I9 
0 .  15 

38.25 
38.25 
40.50 
20.25 
24.75 
11.25 
22.50 
I I .25 
4.50 

18.00 
4.50 

35 
33 
33 
19 
20 
9 

16 
7 
3 

13 
2 

Mean f SD 0.65k0.41 21.27f  13. I7 l7 .3k 12 

Cumulative Dose 

Whole Saliva Initial Flow Rate 
Relation between initial flow rate (ml/min) and cumulative dose 
(Gy) required to produce minimum flow rate, i.e. irreversible 
xerostomia. Initial flow is the mean of serveral whole saliva 
samples taken before irradiation. Diagram applies only when 
whole glands are treated 4 to 5 times a week, total weekly dose 9 
to 10 Gy. 

This explanation was not accepted by WESCOTT et 
coll. (1978) who stated that the decreasing of the 
salivary flow rate by radiation follows an exponen- 
tial decay type of curve (this was already suggested 
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by ENEROTH et coll. (1972b). In this model, when 
the decreasing rate constant is similar, the same 
amount of radiation will decrease the flow rate by 
the same percentage. As minimum flow is always 
about 0.1 ml/min, patients with high initial flow 
(around 1 ml/min) will require a decrease of the flow 
rate of 90 per cent to reach dryness, while those 
with low initial flow (around 0.2 ml/min) would need 
only 50 per cent reduction. Assuming the same de- 
creasing rate constant in the two cases, the patient 
with high initial flow will require a three times high- 
er dose than the patient with low flow. This is 
consistent with the present observation. Hence, if 
both types of patients (with high and low initial 
flow) have the same decreasing rate constant, it is 
not possible to speak about different sensitivities to 
radiation. It is possible the explanation is that large 
glands, having either more or larger secretory acini, 
secrete more amount of saliva than small ones and 
need a larger percentage of flow rate reduction to 
reach the minimum flow, thus higher dose according 
to the previous explanation. Unfortunately, the size 
of the glands was not measured in the present se- 
ries. 

Some clinical applications of the Figure may be 
envisaged. In most institutions of radiation therapy 
the resting saliva flow rate is not routinely deter- 
mined. However, if this was measured, the graphic 
would be a good predictor of the level of the radi- 
ation dose required to produce xerostomia, pro- 
vided entire glands are irradiated, using similar frac- 
tionation as the present series, i.e. 4 to 5 times a 
week, totally 9 to 10 Gy weekly. If it is assumed that 
all salivary tissue (hence all salivary glands) have 
similar sensitivity to radiation, the diagram could 
serve a practical purpose in patients with unilateral 
head and neck tumors where only one side has to be 
irradiated. In that case, the contralateral glands 
could be somewhat spared by the use of electron 
beam, wedge pair technique, etc. Recovery of sali- 
vary function occurs before, but not after reaching 
the minimum flow rate (WESCOTT et coll. 1978, 
MIRA et coll.). Hence, an effort should be made in 
these patients to keep the dose to the contralateral 
salivary glands below the dose indicated in the Fig- 
ure, corresponding to the patient’s measured initial 
flow. In this case there will be a chance for recovery 
of the flow rate to pretreatment levels. DESJARDINS 
suggested that xerostomia can be prevented by spar- 
ing one side and MURTHY & HENDRICKSON (1980) 
one parotid gland. If minimum flow is reached, no 

recovery can be expected, with subsequent perma- 
nent xerostomia after treatment, and all the deleteri- 
ous effects associated with it. When determining the 
initial flow rate the mean of several samples should 
be used as each patient has a significantly varying 
flow rate. 

SUMMARY 

Dose and initial flow rate are two of several factors that 
influence the outcome of xerostomia when irradiating 
head and neck tumors. These two parameters were ana- 
lysed in l l irradiated patients where most salivary glands 
were in the radiation field. Unstimulated whole saliva 
samples were collected before, during and after the irra- 
diation. The results indicate a statistically significant lin- 
ear correlation between initial saliva flow rate and the 
accumulated dose causing irreversible xerostomia. This 
phenomenon is explained. A diagram is made that could 
be used (in head and neck tumors where one side could 
be spared) as an indicator of the maximum dose the 
salivary glands in the contralateral non-involved side can 
receive before reaching irreversible dryness. 

Request for  reprints: Dr Joaquin G. Mira, The Universi- 
ty of Texas Health Science Center, 7703 Floyd Curl 
Drive, San Antonio, Texas 78284, USA. 

REFERENCES 
BECKS H. and WAINWRIGHT W. W.: Human saliva. XII. 

Rate of flow of resting saliva of healthy individuals. J. 
Dent. Res. 22 (1943), 391. 

BLOZIS G. G. and ROBINSON J. E.: Oral tissue changes 
caused by radiation therapy and their management. 
Dent. Clin. N .  Amer. 12 (1968), 643. 

CARL W., SCHAAF N. G. and CHEN T. Y.: Oral care of 
patients irradiated for cancer of the head and neck. 
Cancer 30 (1972), 448. 

CONGER A. D.: Loss and recovery of taste acuity in 
patients irradiated to the oral cavity. Radiat. Res. 53 
(1973), 338. 

DALY T. E.,  DRANE J. B. and MACCOMB W. S.: Manage- 
ment of problems of the teeth and jaw in patients 
undergoing irradiation. Amer. J. Surg. 124 (1972), 539. 

DANIEL W. W.: Biostatistics. A foundation for analysis in 
the health sciences, p. 241. John Wiley and Sons, Inc., 
New York, London, Sydney, Toronto 1974. 

DAWES C.: Circadian rhythms in human salivary flow rate 
and composition. J .  Physiol. 220 (1972), 529. 

DESJARDINS A. U.: Action of roentgen rays and radium on 
the gastrointestinal tract. Amer. J.  Roentgenol. 26 
(1931), 156. 

ENEROTH C. M., HENRIKSON C. 0. and JAKOBSSON P. A. 
(a): Preirradiation qualities of a parotid gland predict- 
ing the grade of functional disturbance by radiothera- 
py. Acta Oto-Laryngol. 74 (1972), 436. 

--- (b): Effect of fractionated radiotherapy on sali- 
vary gland function. Cancer 30 (1972), 1147. 



154 J .  G. MRA. G. D. FULLERTON AND W .  B. WESCQTT 

HOLMES J. H.: Changes in salivary flow produced by 
changes in fluid electrolyte balance. In: International 
series of monographs in oral biology. Volume 3 ,  p. 
177. Pergamon Press, Oxford 1964. 

KASHIMA H. K., KIRKHAM W. R. and ANDREWS J. R.: 
Postirradiation sialadenitis. A study of clinical fea- 
tures, histopathologic changes and serum enzyme vari- 
ations following irradiation of human salivary glands. 
Amer. J. Roentgenol. 94 (1969, 271. 

MASON D. K. and CHISHOLM D. M.: Salivary glands in 
health and disease, p. 249. Saunders, Philadelphia 
1975. 

MIRA J. G . ,  WESCOTT W. B., STARCKE E. N. and SHAN- 
NON I. L.: Some factors influencing salivary function 
when treating with radiotherapy. Int. J. Radiat. Oncol. 
7 (1981), 535. 

MURTHY A. K. and HENDRICKSON F. R.: Is contralateral 
neck treatment necessary in early carcinoma of the 
tonsil? Int. J. Radiat. Oncol. Biol. Phys. 6 (1980), 91. 

ROBINSON J .  E.: Dental management of the oral effects of 
radiotherapy. J. Prosthet. Dent. 14 (1964), 582. 

RUBIN R. L. and DOKU H. C.: Therapeutic radiology. The 
modalities and their effects on oral tissues. J. Amer. 
Dent. Ass. 92 (1976), 731. 

SCHNEYER L. H. and LEVIN L. K.: Rate of flow of ‘rest- 
ing’ saliva from individual gland repairs in man. 
(Abstr). J. Dent. Res. 33 (1954), 716. 

SHANNON I. L., MCCRARY B. R. and STARCKE E. N.: A 
saliva substitute for use by xerostomic patients under- 
going radiotherapy to the head and neck. Oral Surg. 44 
(1977), 656. 

SILVERMAN S. JR and CHIERICI G.: Radiation therapy of 
oral carcinoma. 1 .  Effect on oral tissues and manage- 
ment of the periodontium. J. Periodont. 36 (1965), 478. 

WESCOTT W. B.,  STARCKE E. N. and SHANNON I. L.: 
Chemical protection against postirradiation dental car- 
ies. Oral Surg. 40 (1975), 709. 

- MIRA J.  G., STARCKE E. N., SHANNON I. L. and 
THORNBY J. 1.: Alterations in whole saliva flow rate 
induced by fractionated radiotherapy. Amer. J. Roent- 
genol. 130 (1978), 145. 


