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CHRONIC EXPERIMENTAL OSTEOMYELITIS

Luiz Gustavo WERTHEIMER (1) e Ivo Vecina MARTIN (2)

SUMMARY

The inoculation of a varying number of Staphylococcus aureus which had
undergone also a varying number of transfers, has always caused death of the
animals, independing of the inoculation route employed. Postmortem examinations
showed multiple visceral abscesses and liquefaction of the bone marrow. When
previously immunized with staphylococcal anatoxin, guinea-pigs survived inocula-
tion of staphylococci.

Nevertheless, development of osteomyelitis was occasional. It was only by
employing the hematogenous route, as well as the direct (intra-osseous) one, that
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the AA. were able to obtain a picture of osteomyelitis.
The number and virulence of the microorganisms proved to be important

factors in the development of experimental osteomyelitis.

Thus, inoculation of

non-attenuated staphylococci, obtained from a case of experimental osteomyelitis,
caused death of the animals notwithstanding their previous immunization by

anatoxin.

Also, inoculation of massive doses of microoganisms caused death of

the previously immunized animals, even after 40 days.

Reinoculation of moderate doses of attenuated staphylococci in cases of chro-
nic experimental osteomyelitis, caused recrudescence of old lesions as well as the

appearance of new ones.

INTRODUCTION

Notwithstanding the enormous progress of
antibioticotherapy, which has a decisive in-
fluence upon treatment and development of
osteomyelitis, there are still chronic patients
who do not benefit from any treatment and
suffer periodical activation of the disease.

In order to explain the persistency of in-
fection and the occurrence of activation in
these chronic cases, various factors have been
invoked, such as deficiency of natural de-
fences, an unfavourable immuno-allergic con-
dition and the resistance of microorganisms
against the antibiotics.

Impressed by the stubborness of some of
these cases of chronic infection, we tried the

experimental bone infection in the hope of
getting some data which might explain cli-
nically observed facts.

EXPERIMENTAL OSTEOMYELITIS

The very first informations concerning the
etiopathogeny of the human infection were
obtained through experimental osteomyelitis.

RopbeT * was the first to obtain a bone
abscess through intravenous injection of Sia-
phylococcus aureus in the rabbit. LEXER?
verified the necessity of employing small
doses of microorganisms in order to pro-
long survival of the animals. In 1921,
HoBo ! proved that the microorganism fixes
itself ‘at first at the epiphysis and metaphy-
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sis of the long bones, due to the distribution
of vessels and also to the paucity of pha-
gocytes in these parts of the bone.

WiLenskY ® and RoOBERTsON P4 drew
attention, respectively, to the importance of
vascular thrombosis and of the locus mino-
ris resistentiae in the pathogenesis of osteo-
myelitis.

Long after the first experiments, difficul-
ties concerning experimental reproduction of
osteomyelitis still persisted. Thus, SHropA ®
observed microscopically bone obscesses in
23% of his inoculated rabbits, but none of
these survived beyond 96 hours. TmoOMPsoN
& Dugos®, in 1938, obtained bone absces-
ses in 58% of the animals, which they had
previously immunized with small doses of
microorganisms.

SuEMAN, JanoTa & LEwIN * obtained he-
matogenous osteomyelitis in animals surving
for one week the direct inoculation of sta-
phylococci in the bone, after previous in-
jection of muriatic acid in the metaphysis.

WEeavER & Tyrer? also cbtained hemato-
genous osteomyelitis in 399% of the animals,
which they inoculated with controlled doses
of staphylococci. They did not observe any
“influence of trauma upon localization of
osteomyelitis,

This brief summary of the experimental
observations shows that the AA. who death
with the subject have found it difficult to
reproduce the picture of osteomyelitis and
also that the various factors which influence
the localization of the microorganism and
the evolution of the disease are still a con-
troversial matter. '

MATERIAL AND METHOD

Microorganism: the microorganisms were
obtained from a case of chronic osteomyeli-
tis of the humerus, in the Orthopedic Clinics
of the Sorocaba School of Medicine.

The material was sown on blcod-agar pla-
tes, as well as on Teague’s and Kristensen’s
media for gram-negative germs and, thus,
Micrococcus pyogenes (Staphylococcus pyo-
genes aureus) * was isolated. Plasmocoagu-
lase and hemolysis tests were positive. The
material was then transferred to glucose

broth and, after 24 hours, to simple agar.
Another 24 hours later a suspension was
made in physiological saline for inoculation.
The MacFarland scale was used for counting
the organisms present in the inoculum.

Number and wvirulence of staphylococci:
in all experiments we. injected 1 ml of a
suspension containing from 3 X 10® to 9 X
X 10% organisms. Some animals were sub-
mitted to three consecutive inoculations of
5 X 107 staphylococei each.

Cultures used for the different inoculations
had passed through 2 to 43 transfers, and
before use the sample’s pathogenicity was
again tested, by means of repetitive plasmo-
coagulase and hemolysis tests.

Laboratory animal: 104 inoculations have
been performed in guinea-pigs weighting
from 300 to 600 grams.

Routes: various routes have been emplo-
yed — cardiac (46 times), aorto-abdominal
(5), femoral artery (30), bone (11), sub-
periostal and subcutaneous (3), combined
bone and femoral (9 animals).

X-Rays: radiographs were made 14 days
after inoculation, then on the 3rd and 4th
weeks and monthly, thereafer.

A surgical table and an anaesthetic appa-
ratus were specially made for the experi-
ments,

RESULTS

I — EXPERIMENTS WITH NON-IMMU-
NIZED ANIMALS o

A)  Inoculation of staphylococci varying
in number and virulence.

We refer to the simple attenuation of the
micreorganismm due to successive transfers,
and no specizl methods were used to test
their virulence.

1) Inoculation of 9 X 10® staphylococci
with 2 transfers, by intracardiac route in
each of five guinea-pigs: all died. Due to
this fact, we proceeded to make repeated
transfers of the staphylococcus before the
following experiments.

2) - Inoculaticn of 9 X 10® staphylococci
with 6 and 14 transfers (17 guinea-pigs).
All died.

Bergey's Manual of Determinative Bacteriology, 7th ed., 1957,
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3 looculations of 3 x 1P staphylococei
with respectively 4. 10 and 23 transfers:
the 13 inoculated animals alo died,

By Oher rowtes of inocolation,

Injections of 3 % 10°  staphylococei /ml.
with 23 and 30 transfers, through the abdo-
minal aorla (5 cases), femoral artery (3]
and intra-osseous (4] have also caused death
of the laboratory animals,

Clinical picture: in this whole series of
54 experiments, the guinea-pigs showed re-
markably poor general condition, and high
fever; they walked dragging their hind legs
and death supervened within 7 days.

X-Rays: no atlerations in bone structure
were detected.

Gross pathology: on postmortem all the
guinea-pigs showed necro-uleerative lesions of
the rectal ampule. as well as mulliple abs-
cesses, especially of the liver, spleen and
The bone marrow was liquefied, of
a brownish tint, and smears of the medulla
were always positive for staphylococei.

lungs.

Histological examination: in all cases, the-
re was “hypercellularity of the medula. in-
dicative of an intepse reactional process”.
according 1o the report of the pathologist.
Dr. José Donato de Prospero.

I EXPERIMENTS ON ANIMALS IM-
MUNIZED WITH STAFPHYLOCOC-
CAL ANATOXIN

Among the lesions found in the preceding
series of experiments, in which all guinea-
pigs died within the first week our altention
has lwen especially drawn by the necrosis
of the rectal ampulla.

We tricd a means of Fghting the toxin
action and proceeded o immunize the gui-
nea-pigs wilth staphylococeal anatoxin, as sug-
sested by Dr. Luiz Ribeiro. Using the sub-
cutancous route, we injecled three doses of
staphylococeal  anatoxin, 0.25 ml, 050 ml
and 1 ml al weekly intervals, The experi-
ments were started fourteen days alter the
last dese of anatoxin,

AV Inoculations of the same namber of

staphylococei of varying virnlenee by various
rodites,
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i) Inoculations of 3 % 107 staphyvlococci
with 25 transfers throug intra-cardiac route:
for the first lime the animals survived having
by now been immunized. The six guinea-pigs
showed only a poor gencral condition on the
first two days. However. radiographs made
weekly did not show any bone alterations
and thus we decided to try other routes,

2)  Inorulations of 3 % 10° staphylocoeei
with 30 transfers, through sub-cutaneous
and sub-periostal  roules: no  radiological
signs of osteomyelilis were observed in the
3 inoculated guinea-pigs.

3 Inoculations of 3 X 10* staphylococci
with 23 transfers, directly into the upper
extremily of the tibia: for the first lime in
our experiments, osteomyelilis. was  produ-
ced. as proved through Xe-rays (fig, 1) and
on “postmortem”, with the appearance of s
queslrums,  rarefaction zones and zomes of
new  hone formation.

Fig. 1
in tibla of guinesa-plgs previously im-
munized by the staphylococcal ana-

— Experimental osteomyclitis

xin, obtained by direcl inoculation
in the bone of 3 x 10* staphylococel
with 23 transfeérs: o — primary le-
sions radlographed 25 days afler Ino-
culation: b chronlc osteomyelitis
ohzerved 3 months after inoculation.

4} Inoculations of 3 % 10° staphylococc
with 30 transfers, through the femoral ar-
tery: two of the inoculated guinea-pigs pre-
sented suppurative arthritis of the hip joint,
with pathological dislocation and partial des-
truction of the head of the femur as well as
of the acetabulum ifig. 20,
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Fig. 2 — Suppurative arthritis of the
hip joinl: there ig a pathologic dislo-
calion wilh partial destroction of the
head of the [emur and of the aceln-
bulum, The Inoculation of 3 X 10° sia-
phylococel, with 3800 lransTers, through
the rlght Temoral artery, cauwsed <e-
velopment of a suppurative arthritis
of the left hip jo'‘nt,

By  Local tranma associated with hemato.
genous inocalations of staphylococed,

B0 lnocalations of 3 % 100 staphylococs
with 37 translers, through the Temoral arte-
ry. logether with trauma of the right tibia:
one of the 8 inoculated guinea-pigs showed
hone lesions on the left tibia. that iz, on the
side opposile 1o the lrauma (fig, 3.

Flg. & Experimental
hematogenous  ostenmye-
Itis of the §eft tibis.
The inoculatlion of 33X 106
staphylocored,  with 37
transfers, through the
right Temuoral artery,
wiags made arfter a npre-
Vs jn‘:']‘:::-:n.lrm al thao
level of the metaphysis
of the right tihin. ©Os-
teamyelitis  occeurred  in
Lhe opposite, non-injured,
tibia. The radiograph 5
months afler inoculation
shows . osteclytie  lexions
in the enlire bone.

The trawma was applied at the upper
epiphysis of the tihia. by means ol o small
pereulaneous  hone  perforation with o fine
dentist drill,

61 Trauma of the left tilia and inocula-
tion of 3 % 10 staphylococei with 43 trans

Chianke

experimental osteomyelltis. Reve, Fead, Wed,

fers. through the rvight femoral arlery: we
chscrved leltsided osteomyelitis in one gui-
nea-pig, right-sided in another, and suppu-
rative arthriti= of the right hip in the third
e,

Having thus Leen able to obtain experi-
mental osteomyelitis by direct contamination
and by hematogenous route, we tried to as-
certain the influence of some factors, hesi-
des travma, which are quite commonly  re-
ferved to as bearing on the pathogeny and
evolution of the disease, such as the degree
of virulence of the staphylococens, the mas.
sivie doses of infection, the influence of re-
infections on an already existing  osteomyi-

¥iy
N EN

C Influence of the pathogenicity of the
stapliylococens,

71 Inoculation in the bone of 3 > 1P
non-allenuated  staphylococel,  izolated  from
experimental osteomyvelitis: cavsed death of
all 3 sninea-pigs. despite their previous im-
munization by staphylococeal anatoxin,

D Iefluence of massive doses of in-
feetion,

81 Inoculation of 6 X 10° staphylococel
with 38 transfers, by two roules: half into
the hone and the other hall through the
vight [emoral arteryv: the five animals ino-
culated died. in spite of previous immuni-
galien with staphylococeal anatoxin, but with
a dilerence Teom the group which was not im-
munized, that is. when osteoarticular lesions
were already present in four of the guinea-
pigz, 0 day= aller inveulation,

91 Ineculations of three consecutive do-
ses o 5 ¥ 107 staphylovocei each. in the left
tibia, with a 7 day interval. and then ano-
ther inocolation of 3 % 10° through the right
femoral artery, the staphylococei having un-
dergone 15 transfera: in one suinea-pig we
ohserved osteomyelitiz at the same side ol
thee hone inoculation, and suppurative arthri.
ti of the opposite hip joinl (right) : anolher
animal presented  osteomyelitis of the right
tibia ([lig. 3.

Iy Influence of reinfection on an alrea-
dy existing  osteomyelitis,
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101 Inocolations through the femoral ar-
tery, of 3 X% 105 staphylococei with 30 trans.
fers, in 4 guinea-pigs with experimental os-
teomyelili= of one vear duration: a re-acli-

vation of the [Prodiess wasg oli=erved Lfi:.'.. 4.

Chronbe

experimental osteomyelltis.  Rev, Tnsf, Med.

raclerized by one or mulliple foci of osteo-
myelilis, sometimes accompanicd by perios.
tal reaction.  On subsequent radiographs we
were able (o find alterations of the form

and strueture of the bone, and piclures si

Fig- 4 -
ponding to the case of [g 1

Renctivation of

reinoculation through the
loeaeel withh 30 transfors: o

rulation: b

Clinical picture: the guinea-pigs with ex-

oo

perimental  osteomyelitis maintained a
allected

swillen, then an abscess developed and was

aspect;  the member was at firsl
followed Ly a [istula with drainage of pus,
in which the staphylococcuz was presente,
The fiztula persisted for a variabile period ol
time and. in most cases, closed itzell spon-

tancously., During reactivation the fistulac

re-opened,

V-Hays: these showed various aspects. ac.
cording to the phase of the disease. The
firsl =ign=z were obzerved on the 3rd or Bih

week, somelimes even later. and were cha-
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experimental
Radlograph made
femoral artery with 3 % 108 staphy-

oateomyelitis, corres-

1 deys aller

vaontrol 40 days aller re-ino

contrel after 9 mopnths of re-inoculation: 15

momths after reinoculation,

milar 1o those deseribe for human  osteo-

myelilis:  sequestrums,  reabsorption zones
iosteolysis), periostal osseous neo-formation
tinvoluerum or sarcophagus), endostal neo-
formation cavsing obliteration of the medul-
lary canal, and a greater radiographic opa-
eily,

Radiographs taken after one year showed

persistency of the lesions,

Histological examination: thiz showed an
inflammalory precess in the t]'n'du“:n'_'.' spra-
ces, formed by purulent  exsudate  around
the necrotized bone fragments, as well as
sequestrums | fig, 6),
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Fig. 5 Osteomyelitis and suppurative arthri-
tis, obtained through wvarious routes. The ino-
culation of three consecutive doses of staphylo-
cocel I the left 1ibia, followed by the inocul-
tlon af 3 »® 10* through the right femoral arte-
ryv, ol weekly interval, caused lesions of osteo-
myelitls in the left tibla, as well as suppuralive
arthritis im the hip joint al the opposite shle.

Chronie experimental osteomyelitls. Kev, fnst, Med.

COMMENTS AND CONCLUSIONS

In the first series of our experiments, with
pon-immunized guninea-pigz, conditions were
maintained constant. with variations concer-
ning only the number of inoculated micro-
organisms, the number of their transfers. and
the inoculation reules.

In all this series. death ol the animals
supervened within 7 dave. and we Tound
vizeeral necratic lesions of  the
rectum, and liguefaction of the bone mar-
row. Smears of the latter pesitive for sla-
phylococei,

absresses,

A review of the literalure on the subject
ghows= thal the AA. who tried to oblain ex-
perimental osteomvelitis were also confronted
with early death of the animals, Lexer*
tried 1o prolong their lives by administering
small doses, and Twompson & Dupos® im-
munizged the animals with a previous injecs
tion of s=mall doses of microorganisms,
Smops® obtained bone abscesses in 2370
of hiz animals. but none survived more that
O6 hours, Scremax & al. ' obtained ozteo-
myelitis in animals surviving more than one
'l-\'l.'i."k.

Flg. 6

ponding the case in fig. 5 The seetlon shows a sequestrum, sur-

rounded by a purulent exudate; there are peripheric zones of repalr,
madde of [lhrous tieeue,

Microphotographs of experimental osteomyelitis, corres
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It thus becomes evident, from our first
series of experiments and from the observa-
tions fo the above mentioned AA., that the
toxin of the staphylococcus has a generalized
action which kills the animals, sometimes
even on the first or second day after
inoculation.

To avoid this early death, it was not suf-
ficient to attenuate the virulence of the sta-
phylococcus through numerous transfers (up
to 43) or to use small inocula. Only by
protecting the animal through immunisation
with staphylococcal anatoxin, were we able
to secure their survival paradoxically creat-
ing conditions favourable to the development
of the disease.

In these immunized animals we were thus
able to get experimental osteomyelitis, first
by direct bone inoculation of the staphylo-
coccus, and then by the hematogenous route.
The clinically evident disease was confirmed
through X-rays and histological and biolo-
gical methods.

We may conclude from these observations
that organic defences helped by the anato-
xin in our experiments, were a basic factor
in protecting the organims against the ge-
neral toxic action of the staphylococcus.
Nevertheless, the resistance which evolves is
not always sufficient to completely eliminate
the action of the staphylococcus which, fa-
voured by the intercurrence of other factors,
may fix itself in a bone and give rise to a
process of osteomyelitis.

Vascular thrombosis (WiLENskY ®), arran-
gement of the metaphysary vessels and me-
dullary phagocytosis (HoBo *), have been
reported as factors which might influence
fixation and evolution of the infectious bo-
ne process.

In our observations, trauma did not show
any remarkable influence over the inception
of osteomyelitis: among 3 guinea-pigs which
suffered a left leg trauma after inoculation
through the femoral artery, there was only
one case of osteomyelitis at the site of the
trauma; the two other animals developed
osteomyelitis and suppurative arthritis on the
opposite limb (group 6). Among another
group of 8 guinea-pigs submitted 1o trauma
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after injection of staphylococci through the
right femoral artery, only one developed os-
teomyelitis and this was at side opposite to
the injured one (group 5). The litile in-
fluence of trauma is also indicated by the
fact that no differences in the localization
of the infection were observed between the
above mentioned groups and another group
of 3 guinea-pigs injected in the same way
but not submiited to trauma (group 9).

The restricted influence of trauma on the
etiopathogeny of osteomyelitis, which we re-
port in our experiments, has also been obser-
ved by Weaver & Tyrer 7

Other factors, however, such as number
and virulence of the microorganisms, seem
to influence as indicated by the results of
our last series of experiments (7, 8, 9

and 10).

Even when previously immunized with
anatoxin, guinea-pigs died after inoculation
of highly pathogenic non-attenuated staphy-
lococei, isolated from a case of experimen-
tal osteomyelitis (group 7).

Also massive doses of staphylococei cau-
sed death, 40 days after inoculation, of
immunized guinea-pigs, which already pre-
sented a picture of osteomyelitls (group 8).
Successive reinfections favour development
of osteomyelitis, as indicated by results with
group 9 in our experiments.

The contemination route seems to be. also
a factor, since we have been unable to
get osteomyelitis using the sub-cutaneous or
sub-periostal toutes {group 2). The routs
which carry the staphylococci more directly
to the bone, as the intra-osseous and hema-
togencus, appear to offer bigger probabili-
ties of fixation of the process in the bone.

Reactivation of existing lesions, and the
appearance of new ones, has been observed
through inoculation of staphylococei in ani-
mals which already had experimental osteo-
myelitis (group 10).

The summing up of our results indicates
the basic importance of the immuno-allergic
condition of the organism, the number and
virulence of the staphylococci and the con-
tamination route as factors wich influence
localization and development of osteomye-
litis. :
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RESUMO
Osteomielite crénica experimental

A inoculacdo de niimero variavel de esta-
filococos dureos, que sofreram repicagens em
niimero também varidvel, determinou sempre
a morte dos animais, qualquer que fésse a
via empregada. A necropsia revelou absces-
sos viscerais miltiplos e liquefacic da me-
dula 6ssea. Cobaias imunizadas préviamente
pela anatoxina estafilocdcica sobreviveram a
inoculacdo de estafilococos.

Apenas pelas vias hematogénicas e direta
(intra-Gssea) conseguiu-se o quadro da os-
teomielite, verificada clinica, radiolégica, his-
tolégica e microbiologicamente.

O namero e a viruléncia dos microrga-
nismos representam fatéres de importincia
na instalagio e evolugdo da osteomielite.

A inoculagiio de estafilococo ndo-atenuado,
obtido de um caso de osteomielite experi-
mental, determinou a morte do animal mes-
mo imunizado pela anatoxina. Também a
inoculagdo de doses macicas de microrga-
nismos ocasionou a morte de animais imu-
nizados pela anatoxina, embora depois de

40 dias.

A reinoculacio de doses moderadas de es-
tafilococos atenuados em casos de osteomie-
lite cronica experimental, ja instalada, deter-
minou o re-agravamento das lesBes antigas e
a origem de outras novas.
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