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INTRODUCTION 

The oxygen uptake of saliva was first demonstrated by the 
author in 1944 (13) .  Hartles and McDonald, 1953 (81, Burnett, 
1952 ( 2 ) ,  1954 ( 3 ) ,  Bramstedt and Vonderlinn, 1952 ( l ) ,  N n u j o k s  
and C'onderlinn, 1953 (151, Naojoks and Kroncke, 1954 (14)  and 
Eggers Lura, 1954 (12)  have also reported on salivary oxygen 
uptake. The latter five authors reported that caries resistance 
was accompanied by a high respiration rate. Kriincke and Nnu- 
joks,  1954 (10)  used the oxygen uptake of saliva as a new caries 
test and denionstrated its clinical usefulness. The negative re- 
sults of the former authors with respect to correlation with caries 
iiiay be explained by several factors: Hartles and McDonald used 
paraffin stimulated saliva, while the latter authors used un- 
stimulated, fasting saliva which seems to have a inore con- 
centrated and caries-related bacterial content. Moreover, Hartles 
and McDonald as well as Burnett used either the DMF index or 
the Snyder test both of which are rather uncertain criteria of 
caries activity. As several factors connected with salivary oxygen 
uptake still seem to be insufficiently elucidated and in view of 
the importance of this problein not only in caries pathogenesis, 
but also in general oral hygiene, the author has deemed it ap- 
propriate to xilake further investigations. 



EXPEK I M EN’I’A L 
Mutericil tcnd Techniqzze 

Special efforts were iiiade to obtain salivary saiiiples from 
persons who niight be designated a s  physiologically ”caries- 
active” or ”caries-resistant”. To procure uniform niaterial per- 
sons of alniost the sanie age group (5-16 years) were chosen. 
Most of the children were from the author’s own practice. Soiiie 
were froin a state reforiiiatory where the prevalence of caries 
is very low and where the children are living under very healthy 
and regular dietary conditions. Only salivas from persons who 
had been observed through a period of more than one year were 
used. Those designed as  C-R (caries-resistant) did not show any 
new caries during the experiniental period of one year. Most of 
these were coinpletely caries-free, especially those from the re- 
formatory, and the others only had very few old fillings. 

Those in the C-A (caries-active) group showed the well-known 
picture of acute, rampant caries and both the nuiiiber and the 
size of cavities increased during the experimental period. Due 
to this strict classification the forniation of two further groups 
appeared necessary. Those grouped a s  C-R ? (questionably caries- 
resistant) developed certain caries-like alterations e.g. fissure 
pigmentation during the experiniental period. The individuals 
classified as C-A ? (questionably caries-active) had offered the 
impression of caries activity a t  the first exaiiiination, but later 
inspection showed no alterations with respect to caries. 

A clear distinction was made between artificially stimulntcd 
and nnstimulnted (or rather niininially stimulated) saliva. Saliva 
collected in quantities greater than 3 nil during a collecting 
period of 10 iiiinutes were called maximally stimulated and 
those of quantities less than 3 1111 in 10 minutes unstiiiiulated 
(or minimally stiinulated). As far a s  possible any storage of 
saliva was avoided. 

For measuring the salivary oxygen uptake a Warburg-niano- 
iiieter, Model P, froin I3. Rraun, Melsungen, Germany WRS used. 
The apparatus has 8 double capillary iiianonieters with thermo- 
regulation * 0.03” C. A description of the Warburg technique is 
unnecessary, very good instructions being given in the books by 
Dixon (6)  and Umbreit, Burris and Stnuffer (16). 
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30 GO YO 720 750 I80  210 240 min. 
Fig. 1 .  Used: 1 ml saliva + 0.5 ml phosphate huffer pH 7.2. Temp. 37" c, 

Since the air is used as the gas phase in the ilianometer the 
saliva must be exposed to air for sufficient time for the CO:! to 
equilibrate between saliva and air. In the experiment this equili- 
bration was made a t  room teiiiperature for 15-30 minutes. The 
storage of the sa1iv:i was made in a thermostate at 3 7 "  C. During 
the first two hours the salivary respiration rate (nieasured a s  
ciiiiii 0 2  uptake per in1 saliva per hour) is practically unchanged. 
After a two hour storage the activity is decreased with 50 100 
per cent and after four hours the respiration power has aliiiost 
disappeared. Consequently, for all the following experiiiients only 
salivary samples were used which had not been stored for more 
than 30 minutes and the experimental time did not exceed one 
hour. 

Diurntcl uuriufions of f h e  saliuurg oxygen i ipfuke 

The line graphs (Fig. 2)  represent 16 different samples with 
the following variations : 

(stimulated) Mean = 142 f 16 C - R  (uastimulated) hleaii = 175 & 18 
C-A (stimulated) Mean = 36' & 2.2 C-A (unstimulated) Mean = 68 i 4.5 

The highest oxidizing activity was found in the unstiinulated 
(minimally stimulated) morning and fasting saliva. 



Fig. 2. I'setl: 1 rnl s i l i v a  + 0.5 ml phosphate buffcr pH 7.2. Tcinp. 37" C. 

l h e  ruspiriilion of p i r o t i d  sd i i i t i  

Since it is likely that the viable iiiicroorg:inisiiis of the whole 
saliva or their enzyme systems are chiefly responsible for the 
oxygen consuiiiption, the uneonta1nin:rted saliva of the parotid 
glands was obtained by using :I device proposed by Curhy, 1953 

Fig. 3. 'I'lie device o f  Curby for collecting parolid saliva. 

( 5 ) .  The oxygen consuiiiption of the uncont:iniin:ited sal iw was 
then determined for comparison with that of whole saliva ob- 
tained froni the sanie person. 
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Fig. 4.  Used: 0.5 ml parotid saliva + 0.25 In1 phosphate buffer pH 7.2. 

The uncontaiiiinated parotid saliva only utilizes 5-10 per cent 
oxygen of that utilized by the microbial flora of the whole saliva. 
Reiiiov:iI of bacteria by iiieans of filter or centrifuge gives similar 
results. Burnett ( 3 ) .  The faint respiration of pure parotid snliva 
probably is due to the presence of easily oxidizable substances 
such :IS :iscorbic acid and citric acid. 

l h e  strlinrrrg oxygen  consizniption 6 g  infltcnimnlions of the ornl tissues 

The non-specific gingivitis or stomatitis generally shows the 
characteristics of :I serous inflammation with the following inain 
alterations of the biocheniical environment: 1) Change of the 
inorganic ion-milieu, 2 )  pH changes toward the acid side, 3) 
Increase of the carbohydrate-metabolism, 4) Alterations of the 
normal flora. Investigations of the different germquotients of 
the salivary flora froin normal persons and persons with oral 
diseases have been made by Lnmmers, 1953 (11) who was able 
to demonstrate :I surprising uniforinity in the ratio between 
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staphylococci, streptococci, Neisseria, b. acidophilus and the coli- 
aerogenes group both in healthy and non-healthy mouths, a s  
seen in Table I. I t  iiiay be noted that the number of the definite 
aerobes such as Neisseria and staphylococci is considerably in- 
creased in the group with oral inflainniations in coiiiparison with 
the caries-active group where the anaerobes and facultative 
anaerobes such as b. acidophilus and the streptococci are do- 
iiiinating. 

Table I, from Lammers ( 1 1 )  
- ~~~~~ 

Ratio:  Neisseria Ratio : 

cocci) - 
Germ quotient of normal saliva (calculated iiteans) 

1 : 0.7 1 :SO00 ~ 9.2 % 0.2 % 
I 

Germ quotient of caries-active saliua 
~. ~~ 

1 : 5  i 1 : 6 5  ~ 2 %  

1 : a  ~ 1 . 4 0 0 0  ~ 12 % 15 % 

~ ~~~ 

Germ quotient of saliva from persons with oral in/lanunations 
(gingivitis, stomatitis, pharyngitis) I 

~ ~ ~~ I -  
~ 

It has also been denionstrated by Glickmnn, Tiiresky and Hill, 
1949 ( 7 )  that chronic inflaiiiiiiation of huiiian gingiva will in- 
creuse oxygen consuiiiption of that tissue. The saiiie could be 
denionstrated by Nnrijoks and Kroncke, 1954 (14) .  

In the following experiment salivary samples were collected 
exclusively from persons with oral inflaniiiiations such as gin- 
givitis, stoniatitis and pharyngitis from random age groups. The 
~naterial was divided into the four above mentioned groups with 
respect to caries and the oxygen uptake was measured. 

According to the results in Table I1 it appears that the oxygen 
consuiiiption of the iiiicroflora of saliva froiii persons with oral 
inflaiiiiiiations and from different age groups cannot be cor- 
related with caries activity. The bacterial content of saliva in  
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Table I1 

C-1% 
C-R 
C-R? 
C-R ? 

C-R 
C-A? 
(:-A 
C-A? 
C-A 
C-A 
C-A 

c-n 
.~ ~- 

- 

Standard 
rror of .leal 

48 
of total 

C-R group 

- ~. . 

42 
of total 

(:-A group 

these cases seems to be dominated by the inflammatory micro- 
flora rather than by the caries-disposing one. Also the varying 
age groups may influence the flora as shown by Lnrnrners (11 ). 

The srilionrg o igyen nptnke of t i im rnries-resistrint rind two crcries-nrtirie 
yroups f rom ri stnndnrdized mnteriril 

The following saliva saniples (Table 111, A-D) were collected 
as unstimulated fasting and morning saliva from children aged 
5 to 16 years. All the samples were taken from children with 
healthy oral tissues. 

The differences between the means of the two groups may be 
regarded as significant with 99 % probability, because: 

- _ _ ~  
MI - M, > 3 . fiyMl + hZM? ; 165 - 54 > 3 . (2 13.4 + 8 ;  I 1 1 > 4 8. 

The normcil Or ronsirrnptioii rind COr oirtpirt of C--H nnd C-A srilii)ri 

Some of the above experiments were performed with the use 
of two manometer vessels, one with added NaOH and another 
without NaOH, in order to lneasure both the 0 2  consumption and 
the COe output from the same saliva. 
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21 

22 

23 
24 

Table 111 
The oxygen uptake of 50 caries-resistant saliva samples 

A €3 

Rl 1 13 
1; I 13 
h l  I 12 

hl I 8 

I no. - 
I 1  I 

1 2  

I 1  
, 5  

3 
I 

1 6  

1 7  

n 
1 9 

10 

I 1  

I 2  ' 13 

14 
1 15 

I 6  

1 17 
18 

19 

2 0 

21 

22 

23 

2 1  

25 
- 

1: 

a l  
F 
F 
hl 
&I 

hl 

F 
hf 

F 
hl 
h.1 

hl 

1: 

M 
F 
hl 
hl 

M 
A 1  

14 1 

G I  

10 

14 
12 
10 

9 

8 

16 

12 

17 I 
I5 , 
9 

10 

I 6  

l4 I 

1 (i 

11 
12 

16 
I - 

210 
312 
140 
96 
412 
182 
122 
2 80 

160 

202 
I 0.5 

216 

115 
88 
138 
86 
310 

210 

1 86 

lG4 

I01 

212 
171 
114 
90 

.~ - 

Mean (M) = 178 ernm O,/ml/lionr 
Standard deviation (8) = 79.7 
Standard error of mean (8,) = 15.:) 

4 1 hl 12 
5 1 A 1  

6 1 h l  15 
I 

7 1 F 1 1 7  

8 1 h l  1 12 

B 1 F  1 8  

10 1 M 1 15 
1 1  J hl 1 14 

12 I h l  1 11 

1 3 1 ~  1 n 
14 ' hf ' 7 
13 1 h l I6 

7 1  
6 0  

174 
87 

260 

157 

1 60 

198 

219 
8 0 

211 

82 

220 

136 

nn 
118 
176 

158 

204 

316 

114 
148 
I20 

90 
153 

~ 

Mean (hf) = 152 cmm O,/ml/hour 
Standard deviation (8)  = 67 
Standard error or mean (aM) = 13.4 

(con t.) 



Table 111 
The o.ryycii iipinlie of 50 rciries-nctive scclicin scirrcples 

(: 1) 

8 

8' 

42 

fi4 

1 fi 

2 (i 

3 3  

18 

7 2  

10  

(i 8 

'4 

ci (i 

8 2  

' 8  

4 4  

18 

(i 

? X  

38 

74 

4 0 

1 (i 

50 

74 

1 11 

2 F  

3 11 

4 11 

3 F 
fi .\I 

7 11 

8 11 

t) I; 

10 A 1  

11 11 

12 I; 

13 A1 

1 4  11 

13 11 

1 f i  1: 

17  R l  

18 11 

1') 11 

'0 A 1  

21 F 

22 11 

2 3  11 

24 A 1  

25 I' 

1 0  :{ti 

11 7 0 

8 150 

9 45 

1 0 124 

1 2  19 

8 1  1 0 3  

8 X X  

12 :{(I 

10 24 

11 ti4 
42 

I 

X X  

1 5 fi2 

l f i  1 40 

1' ti H 

8 X li 

(i I 104 

1 2  58  

8 ,  (i 0 

12 11 

10 n o  
'I 18 

-, 

11 i 48 

15 , .i 1 
I 

Alcan ( A l )  = li3 cllllll o,llnl/llour 
StaiitIard deviation \J, = 
Staiitlartl error of the mean (~j'~,)  = 6.8 

Mean o f  the total caries-resistant group ( A  ) + (12 ) M = 1 (it\ * 14.6 
Mean of the total caries-:rctive group ( C )  + ( D )  h l  = .54 i *5.9 

19 ~ dctn otloirfol. Swnt l ina i i .  1.01. 1.3 



Both the O 2  coiisuinption :ind the C O z  output occur propor- 
fionnlly with time. 111 noriii:il s;iliv:i s:iniples from c:iries-free 

is about 0.73. In 

the s:iliv:i saiiiples froii i  caries-:iclive persons the CO:! output 
ixte is fiister than in the c:iries-resist:int types, probnhly due t o  
\lower osic1:itioii of  and :iccuiiiul:ition of acid which will expel 
voiiie of  t he  1)ountl c:irl)oii dioxide from such s:iliv:i. 

Ibersoiis the respir:ition quotient 

I)IS(:I'SSION 

'Ilie :ibove results i i i : iy  he interpreted to indicate that :I iii:iinly 
rrcrohic 1tiicrofIora has :td:iptetl itself to  he:iltliy caries-free 
i i i o u l h s ,  while the c:iries-:ictive suliva seeiiis to be doiiiin:ited by 
:In rrntrerohic. or f:icult:itive :in:ierobic 1iiicroflor:i. [ CZ/zpper :ind 
Hmrtheriiznn, 19.55 14) 1 .  'I'he struggle for life hetween the dif- 
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ferent kinds o f  iiiicroorg;iiiisiiis is carried out with nietaholic 
products and in the course of time the interaction between the 
environinent-deteriiiining factors will result in  the predominance 
of :I speci:tl flora in 1ie:ilthy mouths which mainly uses the 
aerobic pathways for the degradation of  the substrates. A s  long 
:IS we do not know :ill details of cnries pithogenesis, it is difficult 
to classify the bacteria with regard to their caries pathogenicity, 
and a t  :my rate no single type of bacteria seeills to be responsible 
for the initial :itt:tcl< upon the enaniel. If  we compare the above 
results with those of numerous liocteriologic investigations over 
the past years, it seeins likely that the s:iprophytic 1nicroflor:r ol' 
caries-resistant people in:tinly consists of strains o f  aerobic st:i- 
phylococci, gr:iiii-neg:iti\~e inicrococci (Neisseria) , Sarcinae and 
soine aerobic proteolytic bncterin, while the caries-disposing flora 
iiiainly consists of :inaerobic or f:icult:itive nn:ierobic strains of  
the lactobacilli and the enterob:icteri:i. [ L n m m e r s ,  1953 ( 11 ),  

KrussP, 1954 ( 9  ) 1. II'hen using the s:ilivary oxygen uptake :IS ;I 

criterion of the presence of :I caries-resistitnt or caries-active 
inicroflor:r, however, we have 10 standardize the inaterial very 
carefully. A \  iii:iy be seen froiii the results of the experiinent, 
Table 11, siiiall groups of saliva s:iinples :ire not valid for correla- 
tion with caries, especially :is long : is  vie do not pay attention 
to the general state of he:ilth o f  the or:tl tissues. The negative 
results with respect to correlation will caries obtained by soiii(3 

authors [HNrtlPs :tnd dIcll)onnld ( 8 1, Birrnett ( 3  ) 1 inay he ex- 
plained by the fact, that  Rnrnef f  ured pooled sn1iv;i :md that  one 
single s:iinple froin :I person with acute gingivitis, stoina titis o r  
ph:iryngitis in:iy spoil the results. The DMF caries index used by 
H r r r t k s  :tiid d l c l ~ o n n l d  is ;I very bad criterion of caries :ictivity. 
Furtherinore, their 1n:iterinl originates froin :in older age group 
and the age factor seeins to pl:iy :in iiiiport:int role in the salivary 
inicroflora. [ I ~ r n i m r r s  1 1  1 j . 

S"h1MAliY 

The oxygen uptake of the sal iwry inicroflora of' 30 caries- 
resistant a n d  50 c:iries-active children has been measured in 
M'arhurg i1i:inoineter under s1:indnrdized experiiiiental conditions. 
Caries resistance w a s  associated with :I high salivary respiration 
rate, the differences between the two groups being clearly signi- 
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ficant. 1nfluiiiiii:itioiis o f  the oral tissues, howeyer, may influence 
the suliwry oxygen uptake :ind unless the collecAion o f  the 
s:iliwry saiuples is postponed until the  inf1:iiiini:ition has been 
eliinin:rted, no st:itistic:il corre1:ition with caries-xlivity c:in be 
oht:iined. 

tiliSt1Mli 

1.A CONSOMMATION D'OXYGBNE DE LA FLORE MIC ROBIENNE 
SALIVAIRE ET SA RELATION AVEC L'ACTIVITfi 

DE LA CARIH 

La consoiiiiii~rtioii tl'oxygi.ne de la flore iiiicrobienne s:iliv:iire 
:I Cti. 1iiesuri.e p i r  le iiianoiiii.tre \Vnrburg (hiis des conditions 
e xpi. r i 111 e 11 t :t 1 e s stand :ir d i si. e s s u r 5 0 Cc hnnt i 1 I on s s:i 1 iva i re s d ' e  ri - 
fants resist:ints it la enrie, et stir 50 :iutres d'enfants a ~ e c  tine 

gr:inde :ictivitc' de c:irie. IA r6sist:ince h 1;i carie 6tnit associbe I1  

une intensite eleve6 de respiration salivaire, les differences entre 
les deux groiipes se iiioiitr:iiit significntives. Cependanl dcs in- 
l'1aiiiiii:itions des tissus hucc:iux peuvent  influencer la consoiiiIiix- 

tion d'oxy#ne et 1:int clue ces iiifl:iiiiiii:rtioiis ne sont pas guilries 
nulle corrc1:itioii st:itisticlue h 1:) c:irie ne peut i.tre 6tnblic. 

%USA.\IXII:NI'ASS"~'(; 

1)IL SAUEHSTOFFAUFNAHME DER SPEICHELMIKROF1,OHA 
1JNI) IHRE BEZItiHUNG ZUK KARIESAKTIVITAT 

Die S:iuerstoffaufn:iliiiie der Speicheliiiiltrof1or:i wurde i i i i  

\I'arburg-Rlanometer unter standardisierten Yersuchs1)edin- 
gungen :in 50 Speichelproben von kariesresistenten und 50 Pro- 
hen vo 11 I< a r ie s:i I< t iven Kinder n genie ssen . I) i e I<n ri e sre s i s Len z 
w t r  iiiit einer griisseren Respiration der  Speichelrniltroflor:~ \el.- 

bunden, und die Unterschiede der zwei Gruppen waren tleutlich 
4ignifilc:int. Entziindungen der oralen Gewebe kiinnen jedoch die 
S~~eiche1suuerstoff~iufn:ihiiie beeinflussen, uiid solange die Erit- 
ziintlungen nicht zu Ende gebracht worden siiid, liGnnen k i n e  
sichere stiitistischen MTerte zwischeii den zwei Yersnchsgruppen 
erreicht werden. 
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