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E n d o d o n t i c a l l y  t rea ted ,  s u b m e r g e d  roots  in two M a c a c a  s p e c i o s a  

m o n k e y s  w e r e  s t u d i e d  c l i n i ca l l y ,  r a d i o g r a p h i c a l l y ,  a n d  h i s t o l o g i c a l l y .  

The  roots  w e r e  s u c c e s s f u l l y  c o v e r e d  b y  soft t i s sue ,  e x c e p t  in two  
a r e a s .  In s e v e r a l  si tes,  r a d i o g r a p h i c  e v i d e n c e  of b o n e  f o r m a t i o n  w a s  

o b s e r v e d ;  this  w a s  c o n f i r m e d  b y  h i s to log ic  e x a m i n a t i o n .  Bone  

f o r m a t i o n  c o r o n a l  to the  s u b m e r g e d  roots  w a s  no t  a p r e d i c t a b l e  
occu r r ence .  Even  t h o u g h  e p i t h e l i u m  a n d  i n f l a m m a t i o n  c o m m o n l y  

o c c u r r e d  ove r  the  a m p u t a t i o n  sites,  thei r  p r e s e n c e  d i d  not  s e e m  to af fec t  

b o n e  format ion .  

The alveolar ridge resorbs after tooth 
extraction whether or not it supports 
a prosthesis. This can be observed 
clinically, radiographically, and histo- 
logically, 1-~ and can cause loss of 
facial contour, lack of stability, and 
ill-fitting dentures. Concern about the 
alveolar bone has stimulated numerous 
researchers to study materials for im- 
pressions and prosthetic techniques 
that would result in prostheses that 
could minimize alveolar bone loss. 
This concern has prompted others to 
study materials and surgical methods 
that could be used to restore or in- 
crease the height and width of the 
ridge to provide more favorable sup- 
port.6-1o 

Only a few studies have tested the 

hypothesis that root retention, of ei- 
ther vital or pulpless teeth, improves 
denture stability and function. 11-15 
In separate studies in dogs and hu- 
mans, BjSrn, 16 and BjSrn, Hollen- 
der, and Lindhe a7 demonstrated re- 
generation of alveolar bone around 
endodontically treated teeth that were 
covered by a surgical flap. HowelP 8 
used a clinically successful procedure 
for retaining endodontically treated 
roots that were amputated at the level 
of the alveolar bone and covered by 
a fuII-thickness flap for improved den- 
ture support.  Similar procedures with- 
out pulpal extirpation, by Poe, Hillen- 
brand, and Johnson, TM and Whitaker  
and Shankle 2~ in dogs and monkeys, 
have been reported as successful. His- 

tologically, when the amputated roots 
were maintained in an aseptic environ- 
ment and completely closed by a mu- 
coperiosteal flap, the pulps remained 
vital with the cut ends demonstrating 
calcification. Another  study in pri- 
mates, by Johnson and associates el 
consisted of vital amputation 3 mm 
below the original alveolar crest. Pulp 
vitality and bridging with osteocemen- 
turn occurred, but epithelial prolifer- 
ation and root resorption, without new 
bone formation, were noticed. 

The purpose of this study was to 
determine whether new bone will form 
coronal to retained endodontically 
treated roots. Through this investiga- 
tion, it was hoped to formulate a prac- 
tical method of preserving alveolar 
bone. 

MATERIALS AND METHODS 
Two Macaca speciosa monkeys were 
used. The experimental sites included 
the right mandibular  central and lat- 
eral incisors, second premolar, and 
first molar. Before each experimental 
procedure, the animals were tranquil- 
ized by an intramuscular injection of 
5 mg of phencyclidine hydrochlo- 
ride.* Profound anesthesia was then 
obtained by an intravenous injection 
of sodium pentobarbi ta l t  in the dose 
of 22 mg /kg  body weight. 

Routine preoperative radiographs 
were made of the experimental sites. 
A custom-made film holder and a 
target-distance device were construct- 
ed for each monkey to maintain the 
same position and angulation during 
radiographic procedures. Contralateral  
teeth were extracted to serve as a con- 
trol and to permit  observation of dif- 
ferences in bone loss. 

The four mandibular  teeth in each 
monkey were treated with conven- 
tional endodontic procedures. An  
aseptic technique with a rubber dam 
was used. The first session consisted 
of access opening, pulp extirpation, 
and cleansing and shaping of the root 

367 



JOURNAL OF ENDODONTICS I VOL 1, NO 11, NOVEMBER 1975 

canals to within 0.5 to 1 mm of the 
radiographic apex. During the second 
session, the canals were filled with the 
use of a Premier master gutta-percha 
cone with lateral condensation of ac- 
cessory cones, and Kerr Tubli-seal. 
Care was exercised to avoid overfiU- 
ing. A sealant of zinc oxide and eu- 
genol:~ was placed in the coronal as- 
pect of the root. 

The endodontically treated roots 
were then amputated below the crest 
of the alveolar bone. In each area, a 
labial mucoperiosteal flap was repo- 
sitioned with vertical relaxing inci- 
sions. Using a high-speed, small-barrel, 
diamond bur with water spray, the 
crown was removed to the level of 
the alveolar bone. Next, the coronal 
aspect of the root segment was ampu- 
tated approximately 2 to 3 mm below 
the alveolar bone, maintaining the in- 
terseptal radicular bone but rounding 
sharp edges. At the same time, con- 
tralateral teeth were extracted as 
atraumatically as possible in an effort 
to preserve alveolar bone. Relaxing 
incisions through the periosteum at 
the depth of the flap were made to 
facilitate coronal repositioning and ap- 
proximation of the labial flaps to the 
lingual tissue. The crevicular epitheli- 
um was removed, and an effort was 
made to provide tight closure of the 
mucosal layers with no. 3-0 silk su- 
tures. After the first surgical proce- 
dure in the anterior segment, it was 
necessary to make a vestibular relax- 
ing incision before the flap was re- 
flected because of the extreme mus- 
cular pull of the mentalis muscle. 
This allowed better tissue adaptation 
with less muscle tension. 

Clinical and radiographic examina- 
tions were conducted at 6-, 12-, and 
20-week intervals with the use of pho- 
tographs and intraoral and extraoral 
radiographs. To label newly formed 
bone, a Procion dyew was adminis- 
tered intraperitoneally to each mon- 
key in doses of 100 mg/kg body 

weight a week before they were killed. 
After five months, the monkeys 

were killed by a lethal dose of sodium 
pentobarbital administered intrave- 
nously. Block sections were fixed in 
10% Formalin, decalcified in 5% for- 
mic acid, and embedded in paraffin. 
Serial sections 7/z thick were pre- 
pared and stained with hematoxylin 
and eosin (H & E) for microscopic 
examination. Selected unstained sec- 
tions were examined under fluorescent 
microscopy for Procion labeling. 

Two additional monkeys were treat- 
ed in the manner described; they will 
be used for a study of one- and two- 
year durations, the results of which 
will be reported at a later date. 

R E S U L T S  

C l i n i c a l  

The two monkeys showed essen- 
tially normal and uncomplicated heal- 
ing. The clinically edentulous anterior 
segments in both had normal attached 
and unattached alveolar mucosa and 
an adequate vestibule. With the ex- 
ception of a slightly narrower, buc- 
colingual ridge over the extraction 
site (Fig 1, top), it could not be dis- 
cerned if the site covered a true eden- 
tulous area or the retained roots. The 
only site of inflammation occurred in 
both monkeys after five months at 
the extreme distobuccal aspect of the 
right posterior segment that enclosed 
retained root tips (Fig 1, bottom). 
Except for these two erythematous 
areas, coverage by soft tissue appeared 
quite successful clinically. 

R a d i o g r a p h i c  

Throughout the radiographic ob- 
servation period, the normal resorp- 
rive process of the alveolus that occurs 
after any surgical flap procedure con- 
tinued to a certain point. 

Monkey no. 1 had a faster rate of 
alveolar crest resorption in the an- 
terior retained root segment than did 
monkey no. 2. At five months, or 

Fig 1 - -Top:  Anterior segment of  
monkey  no. 1, 12 weeks after surgery. 
Notice normal attached and unat- 
tached alveolar mucosa and adequate 
vestibule. Bottom: Five-month post- 
operative view of ridge with retained 
roots of  monkey no. 2 illustrating 
broad normal ridge. A 2-ram area at 
distobuccal aspect appears erythem- 
atous and slightly hemorrhagic. 

probably sooner, this process had 
ceased or slowed to an undiscernible 
amount. Overall, the resorption con- 
tinued to a point even with or below 
the coronal level of the retained roots. 
The only area in the anterior seg- 
ment  that showed any semblance of 
bone formation was coronal to the 
right mandibular central incisor of 
monkey no. 2 (Fig 2, top left). 

The sequela of bone resorption pre- 
ceding bone formation was also evi- 
dent in the posterior retained seg- 
ments. This process had reached its 
peak at six weeks and diminished or 
ceased at 12 weeks, with no further 
destruction evident a~ the time the 
monkeys were killed, m monkey no. 
1, bone formation was observed coro- 
nal to the distal root of the second 
premolar and mesial root of the first 
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Fig 2--Top, left: Anterior segment of 
monkey no. 2 after five months. There 
is semblance of bone formation cor- 
onal to right central incisor (arrow). 
Top, right: Posterior segment in 
monkey no. 1 after five months show- 
ing no further bone destruction. Bone 
formation is apparent coronal to distal 
root of second premolar and mesial 
root of first molar (arrows). Bottom, 
right: Posterior segment in monkey 
no. 2. Notice bone formation coronal 
to mesial and distal roots of first molar 
(arrows). 

molar (Fig 2, top right). Similar re- 
sults were noticed coronal to the mesi- 
al and distal roots of the first molar 
of monkey no. 2 (Fig 2, bottom 
right). Bone formation was apparent 
in one of four anterior and four of 
eight posterior retained root tips. 

H i s t o l o q i c  O b s e r v a t i o n s  

Microscopic examination of the am- 
putated roots of both monkeys was 
made at five months. The results are 
summarized in the Table. 
�9 Central and Lateral Incisors, Mon- 
key no. 1. The retained roots were 
successfully covered by soft tissue; 
there was no communication with the 
oral environment. The alveolar ridge 
was covered with intact, stratified 
squamous epithelium supported by 
connective tissue. Overlying the am- 
putated root surface was a thin band 
of stratified squamous epithelium (Fig 
3, top), adjacent to which were scat- 
tered a few inflammatory cells (Fig 3, 
bottom). There was no evidence of 

bone formation over the amputated 
roots of either incisor. 
�9 Central and Lateral Incisors, Mon- 
key no. 2. The findings were gen- 
erally similar to those of the central 
and lateral incisors of monkey no. 1. 
However, areas of new bone forma- 
tion over the central incisor of mon- 
key no. 2 (Fig 4) were evident, as 
was osteocementum over the ampu- 
tated dentin surface of the central in- 
cisor. 
�9 Premolar and Molar Areas, Mon- 
key no. 1. All roots were successfully 
covered by soft tissue, except for a 
minute area of communication be- 
tween the distal root of the first molar 
and the oral environment (Fig 5). 
Except for the mesial root of the 
molar, all roots were covered with a 
band of stratified squamous epitheli- 
um. This epithelium was continuous 
with the overlying oral epithelium 
over the distal root of the first molar, 
which communicated with the oral 
environment (Fig 6). Inflammation 
over the amputation sites ranged from 
mild to moderate, except over the site 
of communication, where it was se- 
vere. Osteocementurn was evident over 
the amputated dentin surface of the 

Fig 3--Top: Strati[ied squamous 
epithelium overlying amputation site 
of monkey no. 1. Connective tissue 
(A), stratified squamous epithelium 
(B) (H & E, orig mag X35). Bottom: 
Scattered inflammatory cells overlying 
amputation site of monkey no 1. In- 
flammatory cells (A), (B), stratified 
squamous epithelium (C) {H & E, orig 
mag X35). 

distal root of the second premolar 
and the mesial root of the first molar. 
These retained roots were completely 
covered by new bone formation (Fig 
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Tablo �9 Microscopic findings of amputated roots at five months. 

Coverage  Inf lammation* 

Segment Bone and Site of  
no. soft tissue Soft tissue ampu.tation Periapical Lateral 

Overlying 
amputation site 

Epitlhelium Osteocementum 

Monkey no. 1 
Central  __ + Mild - -  - -  
Lateral __  + Mild - -  + 
Premolar  + t + Moderate + - -  

mesial root 
Premolar + + Mild ~ 

distal root  
Molar  + + Mild 1 1 

mesial root  
Molar  ~ __~ Severe at - -  

distal root  site of 
communicat ion 

M o n k e y  no.  2 

Central + t + Mild 1 
Lateral - -  + Mild + 
Premolar  + t + Moderate - -  

mesial root  
Premolar  ~ + Moderate 1 + 

distal root  
Molar  + + None 1 1 

mesial root 
Molar + --~; Severe at - -  - -  

distal root  site of 
communicat ion 

+ 
+ 
+ 

+ 

+ 

m 

m 

+ 

+ 

+ + 
+ 
+ 

+ 

+ + 

+ 

Note: *Mild---Scattering of inflammatory cells or a thin band of inflammatory cells adjacent to amputation site; Modera te - -Dense  
band of inf lammatory cells adjacent to amputation site; Severe- -Heavy  diffuse inf lammatory infiltration. 

tSl ight  bone formation over the amputat ion site. 
:~Except for a small area of communicat ion to the oral environment,  there was soft tissue coverage. 

7 ) .  T h e  mes ia l  r oo t  of  the  p r e m o l a r  
was par t ia l ly  cove red  by  new bone ,  
bu t  the re  was  n o  ev idence  of  b o n e  
f o r m a t i o n  over  the  distal  roo t  of  the  
f irst  mola r .  
�9 Premolar and Molar Areas, Mon- 
key no. 2. Sof t  t issue coverage,  in-  
e luding c o m m u n i c a t i o n  wi th  the  ora l  
e n v i r o n m e n t  in  the  same  area,  was  
s imilar  to  t h a t  descr ibed  in m o n k e y  
no. 1. O c c u r r e n c e  of  s t ra t i f ied squa-  

m o u s  ep i the l ium a n d  mi ld  to m o d e r a t e  
i n f l a m m a t i o n  ove r  the  a m p u t a t i o n  
sites fo l lowed  t he  s ame  p a t t e r n  as in  

m o n k e y  no.  1. O s t e o c e m e n t u m  was  
observed  on ly  ove r  the  mes ia l  r oo t  of  
the  f irst  mo la r .  N e w  bone  f o r m a t i o n  
c o n f i r m e d  b y  P r o c i o n  label ing par -  
t ial ly cove red  t he  mes ia l  roo t  of  the  

p r e m o l a r  and  comple t e ly  covered  b o t h  
m o l a r  roots.  

D I S C U S S I O N  

Soft  t issue coverage  was f o u n d  over  

all roots  except  o v e r  the  distal  roo t  of  
the  mola r s  in  e a c h  monkey ,  whe re  
minu te  areas of  c o m m u n i c a t i o n  w i th  
the oral  e n v i r o n m e n t  were micro-  
scopical ly  evident .  A mi ld  to m o d e r a t e  
i n f l a m m a t o r y  in f i l t ra te  was ev ident  
ad jacen t  to m o s t  a m p u t a t i o n  sites. 
T h e r e  was no  c o n s t a n t  c o n t a m i n a t i o n  
wi th  the  ora l  f lo ra  or  i r r i t a t ion  caused  
by  gu t ta -percha ,  as sugges ted  by  Whi t -  
aker  and  Shankle .  20 T h e  i n f l a m m a -  
t ion  was p r o b a b l y  due  to i r r i ta t ion  
f r o m  the  zinc ox ide  a n d  eugenol  used 
as a corona l  sea lan t  a n d  f r o m  the  

Tubl i -seal ,  wh ich  was used  With the  
g u t t a - p e r c h a  in the  cana l  ob tu ra t ion .  

N o  cor re la t ion  was a p p a r e n t  be-  
tween  the  a m o u n t  of  i n f l a m m a t o r y  in- 
f i l t ra te  over ly ing the  a m p u t a t i o n  site 
and  the  new bone  fo rma t ion .  I n  one  
case, mic roscop ic  c o m m u n i c a t i o n  wi th  
the  oral  e n v i r o n m e n t  d id  no t  pre-  
c lude  the  possibi l i ty  of  b o n e  f o r m a -  
t ion.  Also,  the  level of  a m p u t a t i o n  
d id  no t  seem to a f fec t  new  b o n e  for-  
m a t i o n  or  soft  t issue coverage .  

E v e n  t h o u g h  s t ra t i f ied  s q u a m o u s  
ep i the l i um over  the  a m p u t a t i o n  site 
was  a c o m m o n  occur rence ,  th is  epi- 
t h e l i u m  did no t  seem to in te r fe re  wi th  
n e w  b o n e  fo rma t ion .  T h r e e  possible  
sources  of  ep i the l ium over ly ing  the  
a m p u t a t i o n  sites are  sugges ted :  down-  
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Fig 5 Distal root o/ first 
molar o/ monkey no. 1. 
Notice communication with 
oral environment [H & E, 
orig mag X35). 

Fig 4 Bone [ormation over 
amputation site o[ central 
incisor o/ monkey no. 2. 
Island o/ new bone (A), 
osteocementum (B) {H & E, 
orig mag XIO0). 

of bone format ion lagged behind the 
microscopic appearance of new bone. 

Seven of the 12 retained root seg- 
ments were covered either partially 
or completely with new bone, giving 
a rate of success for coverage by 
bone of about 58%. However, for- 
mation of new bone over the ampu- 
tated root segments did not seem to 
be predictable. Neither the level of 
amputation nor the presence or ab- 
sence of inflammation or epithelium 
over the amputat ion site seemed to 
correlate with new bone formation. 

Future studies in humans should 
be conducted for evaluation of the 
usefulness of this procedure. HowelP s 
has been successful in constructing 
dentures over endodontically treated, 
retained roots amputated to the alve- 
olar crest. A study using both vital 
and endodontically treated roots 
should be done to determine if bone 
formation coronal to the amputated 
roots is necessary to either act as a 
cushion or to retard the extrusion of 
the roots. 

growth of the surface epithelium, the 
cell rests of Malassez that are present 
in significant number in the cervical 
third of the root, and implantat ion of 
crevicular epithelium into the under- 
lying connective tissue at the time of 
surgery. As suggested by Howell, is 
and Poe, Hillenbrand, and Johnson, 19 
a special effort was made in this study 
to remove the crevicular epithelium. 
Complete removal might not have 
been accomplished,  however. At  this 
point, the band of epithelium adja- 
cent to the amputated dentin did not 
seem to be interfering with healing or 
bone formation. 

Osteocementum, which was found 
in a few instances over the amputated 
dentin surface, seemed to be conflu- 
ent with the normal root  cementum. 

Its presence was not a prerequisite 
to bone formation or soft tissue cov- 
erage. 

In  this study, a positive correlation 
existed between the clinical observa- 
tion of an erythematous area and the 
histological picture representing com- 
munication with the oral environment. 
Therefore, the success rate of soft 
tissue coverage can be determined 
quite accurately by clinical examina- 
tion. Furthermore,  bone formation 
with complete coverage of the ampu- 
tation site can be determined quite 
accurately through radiographic ex- 
amination. As expected, a positive 
correlation existed between bone for- 
mation observed radiographically and 
bone formation depicted histological- 
ly, even though radiographic evidence 

Fig 6 Epithelial continuity o/ oral 
epithelium and epithelium overlying 
amputation site o/ distal root o/ 
monkey no. 1 {1-1 & E, orig mag X35). 
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S U M M A R Y  A N D  C O N C L U S I O N S  

The purpose of this study was to 
determine whether new bone would 
form coronal to retained endodontical- 
ly treated roots. Two M speciosa 
monkeys were used. The right mandib- 
ular central and lateral incisors, sec- 
ond premolar, and first molar were 
treated with conventional endodontic 
procedures. Contralateral teeth were 
extracted to serve as a control and 
to permit observation of differences 
in bone loss. With the aid of surgical 
flaps and high speed burs, the endo- 
dontically treated teeth were ampu- 
tated coronally and reduced 2 to 3 
mm below the alveolar crest. Clinical 
and radiographic examinations were 
conducted at 6-, 12-, and 20-week in- 
tervals with the use of photographs 
and intraoral and extraoral radio- 
graphs. Block sections were fixed, de- 
calcified, and embedded in paraffin. 
Serial sections 7/z thick were pre- 
pared and stained with H & E for 
microscopic examination. Selected un- 
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Fig 7--Top: Bone formation 
over distal root of premolar 
of monkey no. 1. Inflam- 
matory cells (A ), osteocemen- 
tum (B), complete bone bridg- 
ing (C) (H & E, orig mag 
X35). Bottom: Bone forma- 
tion over mesial root of first 
molar of monkey no. 1. Com- 
plete bone bridging (A), 
osteocementum over amputa- 
tion site and into canal (B) 
{H & E, orig mag X35). 

stained sections were examined under 
fluorescent microscopy for Procion 
labeling. 

Clinically, coverage by soft tissue 
seemed to be quite successful, except 
in two areas of communication with 
the oral environment. This correlated 
with the microscopic appearance 
showing direct communication and 
downgrowth of surface epithelium to 
the amputation sites. Radiographic ev- 
idence of bone formation was ob- 
served and then confirmed through 
histological examination. As expected, 
the radiographic appearance of bone 
lagged 'behind actual bone formation 
depicted microscopically. Even though 
epithelium and inflammation com- 
monly occurred over the amputation 
sites, their presence did not seem to 
affect bone formation. Osteocemen- 
turn occasionally formed over the cut 
dentinal surface. 

It was concluded that bone will 
form coronal to amputated endodon- 
tically treated roots; however, this is 
not a predictable occurrence. 
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A n t i b i o t i c  s e n s i t i v i t i e s  of  

e n t e r o c o c c i  i s o l a t e d  

f r o m  t r e a t e d  roo t  c a n a l s  

C. E. Heintz, PhD; R. Deblinger, DMD; and Seymour Oliet, DDS, 

Philadelphia 

Ente rococc i  tha t  p e r s i s t e d  in 
d e b r i d e d ,  m e d i c a t e d  root  c a n a l s  
w e r e  t e s t ed  b y  the  K i rby -Baue r  
p r o c e d u r e  for s ens i t i v i ty  to v a r i o u s  
an t ib io t i cs .  The  50 s t ra ins  t e s t ed  
w e r e  u n i f o r m l y  s ens i t i ve  to a m -  
p ic i l l in  a n d  v a n c o m y c i n .  M o r e  
t h a n  90% w e r e  a l so  s ens i t i ve  to 
e ry thromycin . .  V a r y i n g  d e g r e e s  of 
s ens i t i v i t y  a n d  r e s i s t a n c e  w e r e  
n o t e d  to b a c i t r a c i n ,  c e p h a l o r i d i n e ,  
c e p h a l o t h i n ,  c h t o r a m p h e n i c o l ,  
g e n t a m i c i n ,  a n d  t e t r acyc l i ne .  Al l  

o r g a n i s m s  w e r e  e i ther  p a r t l y  or  
w h o l l y  r e s i s t a n t  to c l i n d a m y c i n ;  
pen ic i l l in ;  s t r e p tomyc in ;  a n d  
s u l f a d i a z i n e ,  s u l f a m e r a z i n e ,  a n d  
s u l f a m e t h a z i n e  (triple sulfas).  

Practit ioners in the endodontic 
clinics at the University of Pennsyl- 
vania routinely culture root canals 
before closing the tooth. During a 
period of 18 months from January 
1974 to June 1975, positive cultures 
taken from debrided, medicated root 
canals were screened for the presence 
of enterococci. Of the cultures ex- 
amined, 44% (69 of 156) contained 
Streptococcus [aecalis or one of its 
varieties, S [aecalis" ss zymogenes or 
S /aecalis ss liquefaciens. Since anti- 

biotic sensitivities of microorganisms 
change with time, and since resistance 
can be transmitted rapidly by plas- 
mids 1-~ among microorganisms, in- 
cluding S [aecalis, we thought it was 
necessary to assess the current status 
of the enterococci that persisted in 
the treated root canals with a variety 
of antibiotics. Patterns of sensitivity 
and resistance to antibiotics used 
clinically by endodontists and to anti- 
biotics used for enterococcal infec- 
tions at sites other than the oraI 
cavity 4-6 were determined. 

M a t e r i a l s  a n d  M e t h o d s  

Debrided, medicated root canals 
were cultured using sterile paper  
points and tubes of semisolid (0.1% 
agar) brain-heart  infusion medium 
(BHI) .*  Tubes in which there was 
obvious growth after incubation were 
subcultured by streaking them on 
azide-containing agar (St reptosel ) , t  
which was incubated anaerobically 
for 48 hours. This procedure is selec- 
tive for the growth of gram-positive, 
facultative or oxygen-indifferent or- 
ganisms, and against the growth of 
gram-negative and obligately aerobic 
organisms. 

Isolated colonies were subcultured 
into fresh BHI broth tubes for use as 
inoculum for diagnostic media. A 
portion of the BHI broth cultures was 
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