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INTKODUCTION 

It  has been shown that the pthogeriesis of ))dry soclietcc or alveolitis sicca 
dolorosa (ASD) may he explained by ail increased fibrinolytic activity in or 
around the dental socket leading to partial or complete lysis and destruction 
of the blood clot (Birn,, 1970). This activity coiild be due to enzymes pro- 
duced h y  hacteria invading the extraction wound, or tissue kinases liberated 
diiring the inflammation (Birn, 1970). 

A wide variety of bacteria is known to possess fihriiiolytic activity ( Weiss, 
1937-38; l’illett, 1938; Reed at aE., 1943; Dixon, 1945; Lewis et al., 
1949; Lewis & Ferguson,, 1950; I,eu:i,s & Ferguson, 1951 ; Clifton, 1953; 
Adamis,  1961; Koppr, 1962 ; Yu,rorriyuk Clz: IlorrLara,dskii, 1963). Some of 
these bacteria. show fibririolytic activity only in the presence of human pro- 
activator, while others also act in the presence of animal sera, especially 
dog serum. 

One of the most widely accepted theories concerning the aetiology of 
ASD is infection of the extraction wound with bacteria from the normal 
oral flora (Schrqlff & Bartels, 1929; Bclding & Beldirig, 1934; Grandstaff, 
1935; Archer, 1939; Sinclnir, 1943; Russel, 1944$; Faillo, 1948; Ilarnisch, 
1949; Branzi & Kovacs, 1953; Hah,n, 1962; K u d  et al., 1963; Hah,n & Lunge, 
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1966; SchilLi r,t aZ., 1967). In accordanre hereuitli, bacteria isolated fiou 
AS11 arc norrnal iriliahit~nts of tlie oral cavity ( S c h ~ o f f &  RnrteZT, 1929 
Ilclding & Bcldirig, 1934; CrcLrid\tafl; 1935; A r c h ,  1939; I,chricrt, 1953 
Ti aitr, 1957; Scharf LQ Langc., 1967). 

. __ _ _ _ _ _ ~ ~ ~  ~~~ ~ ~~ -. 

Organism Found in Isolated 
thc oral from AS11 
cavity 
. ~ ~ _ _ _ _ _  ~~ 

Pscudomonas tr.*) yes 
hcrirhia tr. yes 

Klebsiella tr. pt3 
Haemophilus tr. yes 
Bactcroides pcs 
Fusoliacteriurn yes yes 

Staphylococcus aureus yes yes 

Neisscria rnrmingitidis no YCS 

Other neisseria YCS ye5 
Veillnnclla YCS 

Diplocnccus pneumoniac tr. J”S 

/l-haernolytic streptococcus tr. yes 
u-y-haernnlytic streptncocri yc-s ycs 

Cor ynebacterium yes 
Actinornyccs y‘s YCLS 

T r  q ion  cmii YC% yes 

Other staphylococci yl3 yes 

Anaeroliic: strcptocncvi y t 5  yes 

I3orrelia yes 

. ~ ~~~~~~~~~ ~~~ ~ ~~~ ~ ~~ -~ ~ 

~ . ~. 

fihrinn- 
lytic 

Some of the iiiicroorgariisriis isolatetl from AS11 po filirinolylic: activity, 
Imt only /l-lioernolytic streptococci show tliis actiiity to a n y  greater extent. 
Tliis is s h o M r i  in ‘Tal)le I, which is compiled on the basis of the aforementioned 
rcliorts. There is some (loillit alloiit tlie cxac1 natnre of the filirinolytic 
activity of soiiic of the microorganisrris listed in Table 1. In niariy iristarices 
the activity is bclieved to he the result of an unspecific 1)rott:olytic: activily. 

*) tr. = transient 
**) ‘The number of plus-signs indicate the degree of fibrinolytic activity. Hrackcts arc used 

when reports on the fibrinolytic activity are controversial. 
) 0 = no activity. *1* 
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The aim of this stady was to investigate the possibility that 21 fibrinolytic 
a c t i d y  of Lacterial origin could account. for the liighly increased activity in 
ASD arid thns contribute to the aetiology of this disease. 

MATEKIAI. AND METIIODS 

ASD was tliagriosed by partial or total loss of the blood clot after extraction, 
severe, often irradiating pain, and putrid orlour. In  10 patients suffering 
from AS]), bacteriological specimens were talieii from the alveolus with a 
platinum loop after thorough swabhing arid drying of the siirrouncling 
niiicnsa with cotton rolls. In addition, a sample of the liquid content of the 
alveolus was obtaincrl h y  inserting a gauze strip into tlie alvcolns until it 
was saturated. After placing the gnuze strip in 0.75 rril sodinrn cliethylbar- 
biturate hiiffer (pH = 7.8, ionic strength = 0.15) the resulting soliition 
was tested 011 fibrin plates with and M-itliout a n  admixture of 5 per cent 
hnman plasmii to  ensiire that a fibrinolytic activity was present in all t.lie 
cases of ASD used for bacteriological examination. 

The 1tacteriologir:al specimens were transferrecl to test tubes containing a 
special trylitone yeast extract medium tlescribed by Jensrn et nl. (1968) 
arid to  tlie sanie medium with an admixture of 20 per c:ent fresh frozen 
human l)lastria*). In addition, they were cultnred on blood agar plates and 
on the same plates with an admixture of 2 per cent fresh frozen human 
1)lasnia. In all cases tlie liquid ciiltiires and plates were incuhateti aerohically 
as ~vicll ;is in anaerobic jars in 11, with 5 per cent CO,**). 

After incubation for 2 -3  (lays tlie licpiitl cultures were tested for fihrino- 
lytic aclivity on fihrin plates occortling to the technique described by Birn 
(19’70) ancl oil fibrin plates with an admixture of 5 per cent human plnsnia. 
From the blood agar plates representative colonics were transferred to fibrin 
plates with ant1 without human plasma and tested for fihrinolytic activity. 

One part of 1.1ie licpiid ciiltiire wis disintegrated hy ultrasountl arid tested 
on fihriii plates, while the other part was further incubated for m e  ~veeli, 
after which it was tested. 

If no fi1)rinolytic activity was foiintl, no attempt was made to classify the 
1) act eri a. 

*) Kindly supplitd by I h .  17. Kissrneyer., the Blood Bank, the Municipal Hospital, Aarhus. 
**) The author extends his gratlitude to B. Ze Fevre Birkedal-Ilnnsen and the staff of the 
Department of Rlicrol)iology, ‘Thr Royal Dental College of Aarhus, for valuable h d p  and 
guidance in the performancc of this part of the investigation. 
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From another series of 10 patients suffering from ASD, alveolar litpit1 
was obtainetl as tlescribed alwve. The gauze strip was placed in 0.75 ml 
sodium dict1iyll)arhiturate buffer (pH = 7.8, ionic strength = 0.15). The 
resulting solution was ceiitrifugecl at 1,000 x g. The supernatant was re- 
moved arid teste(1 for fibritiolytic activity on fibrin plates. The setlimerit was 
resuspended in 1.5 ml huffer arid one half of this volume withdrawn to be 
tested for fihrinolytic activity. The rest of the sediment was washed wilh 
10 rril hirffer, ceiitrifiiged, and tested for fibrinolytic activity. 

Bone lhps i e s  of the alveolar wall were ol)tciiried from five patients suffering 
from ASD. When storage of the specimens were necessary, this was done 
at -20°C. The hiopsy specimens were cut into two fragments. One frag- 
merit was washed a i d  gently brushed in saline to remove blood and de- 
composed rernnarits of the 11lood clot. The other fragnient was left untreated. 
Both fragnicrits were placed on fibrin plates arid testcd for fihrinolytic a(>- 
tivity. 'I'he fibrinolytic activity was only estimated, as it w7as impossible to 
express the activity in exact figures when using this rnethotl. 

KESL'LTS 

The fibrinolytic activity in the alveolus of patients usccl in tlic 1m:teriological 
stiidy is showri i i i  Fig. 1. Iii spite of the high activity encouritered in all 
cascs i t  was not possible to tlemoiistrate fibrinolytic iictivity in any  of the 
bacteriological ciiltures, whether tested on purc fibrin plates or on fibrin 
plates with aii admixture of liuniaii plasma. Only in (me case of contamiiia- 
tiori with a n  arro1)ic Gram-positive spore-forming rod, not normally foiind 
in the oral cavity, fibrinolytic activity was recorded. {I-haemolytic strepto- 
cocci arid Staphylococcus aureus were not found in any of the cultures. 

The separation into seclimerit and supernatant of the liquid content of the 
alveolus in ASD sliowetl that. tlie highest fihrinolytic activity was encountered 
in the supernatant (Fig. 2). In the unwashed sediment the fibrinolytic ac- 
tivity was rather low, and in the washed sediment it constituted orily ahout 
13 per cent of the activity in tlie supernatant (Fig. 2). 

Bio1)sy specirrieris from the alveolar bone in RSD tested for fibrinolytic 
activity shoM ed no activity in the uncleaned fragments. A rather pronounced 
activity, 11 owever, was encountered in the cleurietl fragrrierits (Fig. 3 ) .  
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25 50 100 percent 

Fig. I .  Fibrinolytic activity in the liquid content of the alveolus in ASD (N = 10) tested 
on pure fibrin plates (unbroken line) and on fibrin platcs with an admixture of human plasma 

(lxoken line). F. A. = fibrinolytic artivity. 
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Fig. 2. Fibrinol) tic activity in centrifuged liquid contrnt of the afvralus in ASD (N = 10). 
Unbroken linc: siipernatant. Dot-and-dash line: scdiment. l%rokcn line: washed sediment. 

Vtihics lagariiriric plottrtl. F.A. = fihrinoll-tic activity. 

Fig. 3. l?ilirinolyti(: activity of t,inpsy sprcirncns from the alveolar wall in ASD tcstctl on 
rilirin platrs. A = cieantd fragnwnt. R = unt:lraned fragment. 
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DISCUSSION 

Most of tlie filirinolytic hactcria isolated froni tlie oral cavity are only present 
as transients and in m a l l  numl)ers (Talile I). Staphylococcus aureus is 
constantly found in the oral cavity in aliout half of tlie siihjects, hut usually 
in very srnall numlrers (Handelman CY- AFills, 1965; Knighton, 1965), and 
tlie fibrinolytic activity of these bacteria is slow acling and differs in many 
respects from tlie rapid fibrindissolving effect of tlie haernolytic strepto- 
cocci (Tillett, 1938; (,'liffton CY- Cannamela, 1953). Besides, it has been 
shown that the fihrinolytic activity is proportional t o  the pathogenecity of 
the bacteria (T&s, 1937-38; Zinxser CY- Villiams, 1949). Thus it is 1111- 

certain whcther the relatively apathogeiiic oral rnicroflora is fihrinolytic, 
the more so as  it is a matter of discussion whether the activity recortletl in 
many of tlie bacteria listed in Talile 1 is real fihrinolysis or some unspecific 
prottxilytic activity (Tillrtt, 1938; L e i ~ i s  rt al., 1949). In this connection 
it may lie worth mentioning that Siider (1967) has shown dental plaqiie ma- 
terial to possess a weak proteolytic activity. 

I n  the 1)resent irivcstigntion tlic niicroorganisnis isolated from ASD ex- 
hibited neitlier extracellular nor intracellular fibrinolytic activity, even in 
the presence of human proactivator. P-haemolylic streptococci were not 
found in the cultures from ASD. Brig-// trrian (1957) has, however, testcd the 
fihrinolytic activity of /+-liaemolytic stretitococci, isolated from the mouth, 
and foun(1 it to be very w-e31c. In no cases was it possible to correlate the 
occurrence of these bacteria with the development of ASD. Brightman 
concludes tliat there is no evidence that. /l-haemolytic streptococci are a 
coninion aetiological factor in .4SD. 

The fihrinolytic activity of the liquid content of tlic alveolus in AS11 aftcr 
centrifiigatioii was rriiiinly restricted to  the supernatant (Fig. 2 ) .  The setli- 
mciit \+-it h the niicroorgariistiis showed only a very weak activity, indicating 
that the fibrinolytic activity in  the alveolus of ASD is derived froni other 
sources t l i a r i  the rnicroorgaiiisnis. 

This concept is supported by the results obtained with bone fragments 
froni ASD (Fig. 3). The cleane(1 lmie  fragments sliowctl a very high fihrino- 
lytic activity, even though the coating coniposcd of liacteria a r i d  dctritus hail 
been removed. In uncleaned hone fragments no activity was recorde(1. The 
ex~)lonation of this unexpected fact is uritlonlitetlly that tlie bone fraginerits 
were contaminated with fresh blood during tlic biopsy procetlure. It is well 
known that human lilootl contains antiplasmines which inactivate the fihri- 
nolytic system (Norinan & Illill, 1958). This theory is further siipported by 
tlie euperirnents dealing with tlie fihrinolytic activity of tlie liqniid content 
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of the alveolus in ASD, where addition of fresh frozen human plasnia to  the 
fibrin plates (Fig. 1) led to a sirriilar reduction. 

In coriclusioii, lack of fibrinolytic activity in 1,acteria isolated from ASD 
indicates that liacteria are not responsible for the fihrinolytic activity re- 
corded in this disease. The oral microflora, according t o  our present know- 
ledge, has no  or insignificant fibrinolytic activity. Even if a more detailed 
study of the oral microflora should reveal fihrinolytic microorganisms, these 
could hardly be of any significance in tlie production of tlie high activity 
recorded in ASD, and, as shown in the prcsent study, their presence woultl 
certainly r i o t  explain the development of ASD in all cases. 

On tlie other liand, this investigation has shown that in cases of ASD a 
high fihrinolytic activity of another origin is constantly present. The experi- 
menis also indicate that this activity is derived from the alveolar hone. 

SUMMARY 

This investigation dealt with [lie fibririolytic activity of hacteria isolated from 
d r y  socketct (alveolitis sirca tlolorosa, ASL)) arid showed 

1. that 110 fibrinolytic activity coultl be recorded in lxicteria isolated from 
ASD, 

2.  that seliaration of the liquitl content of the alveolus in ASD by centri- 
fugation yielded a high activity in the supcriiatant and only very little activity 
in tlie sedimcnt with the bacteria, 

3. that 1,iopsy specimens from the dveolar wall in ASD exhibited, upon 
thorough washing aiitl cleaning to rcinove detritus and bacteria froni the 
surface, a pronouncetl fihrinolytic activity. 

It is concluded that the fibrinolytic activity in ASU is hardly derived 
froni bacteria, but, more likely, is liberated froin the alveolar bone. 

R d S U M k  

F3ACTiRlES ET ACTIVITd FIBRINOLYTTQUE DANS L’AI,VkOl,ITE SkCHE 

Cette ittude a port6 sur l’activitk fihriiiolytique des bactCries isolbes i partir 
tle cas d’alv6olite shehe douloiire~ise (ASD). Les faits suivants ont Ctit mis en 
itvidence: 

1. Aucune activitC fi1)rinolytique ne pouvait iftre observke dans les bactC- 
ries isolites i partir tl’ASD. 

2. La sitparation par centrifugation du contenu liquide de I’alvCole h i s  
I’ASD permet cl’obtenir tine forte activitC dans le surnageant et une activith 
trks faible dans le sCclimerit contenant les bactbries. 
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3. Aprks lavage et nettoyage soigneux pour erilever de la surface les 
dkbris et les hacti:ries, les bio1)sies provenant tle la paroi alveolaire ( lam 
1’ASD preseritaient line activitk fibrinolytique marquee. 

En conclusion, il est peu probable que l’activitk fibrinolytiqne dam 1’ASD 
soit due aux bacti:ries, mais il est plus vraisernblable cpe cette activiti: 
provienne de 1’0s alveolaire. 

ZUSAMMENFASSUNG 

UAKTERIEN UND FIURINOLY SE BE1 DDRY SOCKET6 

Die Untersucliung bezog sicli auf die fibrinolytische Alitivitiit bei von d r y  
socket(( (alveolitis sicca dolorosa, ASD) isolierten Bakterien untl ergal), 

1. dass bci von RSU isolierteii Rakterieii lieine fibrinolytisclie Alitivitjt 
nachzuweisen var, 

2. dass ein Zentrifugicrcn yon dem fliessenden Inhalt dcr Alvcolc in Fiil- 
lcn der ASD eine hohe fibrinolytisclie Aktivitat der Supernatante, dagegen 
nur  ganz geririge Aktivitat des baliterienlialtigeri Roderisat 

3 .  dass Biopsien des Alveolenlinochens in Fiillen der ASD nacli sorgfjl- 
tiger Spiilung und Keinigung, urn Detritus unrl Ualiterien von der OberflLiche 
zu beseitigen, eine ausgesprochen fibrinolytisclie Aktivitii t ergaben. 

Es wird die Scl-ilnssfolgeriing gezogen, dass die fihrinolytische Aktivitiit 
in Verbindnng niit der ASD lioum von den Baktcricn herriihrt, soridern 
sich eher von dem Alveolenlinoclien freiinaclit. 
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