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I. EARLIEST OCCURRENCE: 

Osteomyelitis seems to have 
been a frequent occurrence not 
only in man, but also in fossil 
animals. Moodie described gross 
and microscopical features identi­
cal with those of oste�myelitis 
following fracture of the posterior 
dorsal spine of a Permian reptile.Cl) 
This denotes that the disease has 
been encountered at such an early 
period of history of the earth, long 
before the advent of manY> 

Associated with trauma, as it is, 
it must have affected early man 
frequently as his wild life exposed 
him to frequent open injuries. The 
proofs of its existence should have 
survived over the years. The pa­
leopathology of soft tissues may 
not have but a limited material to 
illustrate it and only in well con­
served mummies. On the other 
hand, bone is well preserved by 
its own nature and any disease that 
has affected it will leave its im­
pression on it. As a matter of fact, 
the bones of dawn man, of which 
thousands of skeletons have 
reached us, being unearthed from 
the caves and buried grounds of 
Europe, Asia and Northern Afri­
ca, tell us that .a common disease 
was inflammation of the bones, 
involving a joint and producing a 
deformity_ C3> 

The word pus has appeared 
quite early in the medical termi­
nology. The Edwin-Smith Pa­
pyrus, " the earliest surgical 
treatise11 C4) mentions the word 
"ryt" (pus) five times in its hier­
oglyphic text. Of course osteomye-
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litis is not clearly denoted as such 
in this Papyrus. However, those 
cases of wounds communicating 
with bones and pouring ryt (pus) 
were, most probably, cases of 
osteomyelitis. Although the author 
of this treatise described these 
wounds pouring pus to be "in­
flamed", it is not clear whether or 
not he knew that this inflamma­
tion could have involved the un­
derlying bone. 

Sequelae of Osteomyelitis in 
the skeletons and mummies of 
ancient Egyptians were met with. 
Elliot-Smith and Dawson in 1924 
stated that mastoiditis and alveo­
lar abscesses were frequently met 
with in the ancient Egyptian mum­
mies. (5) Aboubakr and Abadir in 
1955 mentioned that cases of 
periostitis and periostitis ossificans 
have been found and that osteo­
myelitis and mastoiditis · were fre­
quent in Nubia and Egypt: C6)-~jfs<,a 
sequel of open fractures evidence 
of bone infection was extremely 
rare.C7) 

As a result of acute haemato­
genous infection, not a single case 
has been described. Apparently, 
these cases of osteomyelitis 
whether primary haematogenous 
or secondary to open fractures, 
could not live long enough for the 
pathological process to leave its 
imprints on the bone. This is 
because the mortality of these 
cases was regrettably high. cs> 

II. TERMINOLOGY: 

Various terms have been used 
by different authors to denote 
inflammation of bones. They have 
all been based on the pathogenic 
theories held at the time they 

started to be used. Cold "rlS'/of 
the bones was the term used by 
Albucasis (Abulquasim Ez-zahra­
wy) in the eleventh century.<9) Cold 
was considered the aetiological 
factor of the disease by many 
authors prior to the discovery of 
bacteriaC3>. 

Corruption "�w" of the bones, 
was the term used by Avicenna (his 
real name is Ibn-Sina) and most 
Arab authors. (lO) 

Necrosis was the term used by 
Gross in 1830(11>. In his opinion 
the disease was mainly the result of 
necrosis. This was believed to be 
either due to local causes, such as 
blows, wounds, fractures and 
burns, or to general causes. 

Typhus of the bone was the 
term·used by Chassaignec in 1853, 
recognizing only the fulminating 
cases in which the patient quickly 
falls into "typhoid state" .<12> 

Carbuncle of the bone, was the 
term coined by Pasteur in 1860_(13) 

He noticed that the organisms 
were the same, both in the ordin­
ary abscesses and bone infection. 

Osteitis was the term used by 
Nowicki in 1931(14> and preferred 
by Dennison in I948Y 5> They 
believed that the inflammation 
involved mainly the bony tissues 
and that the bone marrow played 
only a small role in the suppura­
tion. 

Periostitis, osteitis and myelitis 
were terms applied by some 
authors to denote inflammation 
of the separate bone structures: 
periosteum, cortex or medulla re­
spectively. The term Osteomyelitis 
was reserved to the combination of 
infection of the cortex and 
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medulla.<16> Osteoperiostitis was 
the term commonly used by other 
authors denoting that the main 
lesion was found to affect the 
cortex and periosteum.<15> 

Periosteomyelitis was the term 
used by Starr in 192i17l denoting 
that all the bone structures are 
affected in the process. 

Osteomyelitis is the term more 
universally employed nowadays in 
relation to any bone inflammation. 
It was the term coined by Nelaton 
in 1846Y8l Wilensky in 1934 stated 
that this term was not in use before 
Nelaton .. 09> According to leveuf 
in 1947, Lannelongue was the first 
to use this term in 1879 because he 
thought that the initial infection 
took place in the bone marrow.<20> 

III. HISTORY OF 

THE PATHOLOGICAL 

KNOWLEDGE: 

The first specialized treatise on 
bone was the Edwin-Smith surgi­
cal papyrus (1600 B.C.), translated 
by Breasted.<4> This accurate and 
systematized compilation of cases 
told us that the ancient Egyptians 
expected a fracture to communi­
cate with the exterior of the body 
when it was overlied by a wound. 
They wisely avoided probing of 
wounds, accusing it for causing 
pus formation. They were afraid of 
pus, though they had no knowl­
edge of bacteriology as far as we 
know. They noticed that a wound 
over a fracture could remain open 
and discharge pus. They then 
expected the extrusion of small 
pieces of bone. <21·22•23> 

The Greeks derived a great deal 
of their knowledge from the Egyp­
tian civilization. <24> Hippocrates in 
the fifth century B.C. described 
osteomyelitis of the skull and long 
bones especially after wounds. He 
recognized the extrusion of seques­
tra and that the scar resulting 
became depressed, and attached 
to the underlying bone.<25l 

When Rome came to rule the 
World, about the third century 
B.C., the name of Celsus became 
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famous for his classical description 
of inflammation. Galen (130-210 
A.C.) described infections in bones 
after open fractures. He main­
tained that suppuration was essen­
tial to healing and insisted that the 
right kind of pus was the !audible 
pus.<23> 

Medicine entered a static peri­
od of its history after the decline of 
Rome and Alexandria. The rise of 
Islam in 622 A.C. resulted in rapid 
revolution of all sciences, includ­
ing medicine. This was part of the 
Islamic notions in the Holey Qur­
an and the instructions of Prophet 
Mohammad, who urged all Mos­
lems to search for therapy "as God 
did not create a disease without 
creating a treatment for it", so He 
said.<26> 

,JJ �j 1,b J1,... t3 ,Jll 0� ,JJI �l,s, IJJl..ll1 
1,1)� 

Such names as Rhazes (860-
932), Haly Ben Abbas (994), Avi­
cenna (980-1037), and Isaac Ju­
deus (955) became famous.<23> 

Here is the instructive text of 
Avicenna quoted from his Ca­
non<10> : "Section on the manifesta­
tions of foul bones: If bones are 
affected by corruption you will see 
that the flesh over it has become 
redundant and lax. It putrefies and 
forms pus. A probe passes through 
it easily and reaches the bone. 
When the bone is touched it does 
not feel smooth and slippery. It 
gets slightly stuck to it as if it finqs 
in it something unstable. It may 
crepitate or soften especially if 
corruption is not at its start. If it 
is at its beginning this is not sei::n. 
If you expose it you will find that 
its colour has changed. It is com­
monly preceded by swelling and 
corruption in the flesh, which is 
then transmitted to it (to the 
bone). The original Arabic text 
reads as follows: 
.;, r 1�1 ,.;I :ru..JI �w .;,Lo� .; :J...u 
..L,:.�J tf"r-J J--_; ..;_,; �I �i; �w � 
J+-i r-lLll JI � ))I ,y .i.l::!J .i_J..,a]I) .:.;81 Ji_). 
J. Jly. ..,.t,i •.l::-! r-1 r-lWI JI J-.oJ I�� .0� L­
J _.....,.;.} �\!�I!.,.!. .l::-! ,.;is-) ½l.i <i � 
l�l L,.._,..-:-) ,)�) � �)) �),.;:...:;; J.j 
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..,....1; � �w J �1 ,:r �w J r;J "-'.il:i L- l_r.S' J 
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The eleventh century witnessed 

Albukasis (Abulquasim- Ez-zahra­
wy). This eminent man wrote the 
only surgical treatise over this 
period. He gave full description 
of cases of osteomyelitis and ad­
vised for their treatment in a 
detailed manner<8·27l [Vide infra]. 

In a law suit for medical fee in 
Massachusetts in 1660, there was 
an interesting description of a case 
of chronic osteomyelitis diagnosed 
as the king's eviI.<2> 

Alexander Monro in 1740 re­
marked the grave prognosis when 
the disease affected the vertebral 
column. <28> 

Hunter in 1786 was the first to 
describe the mechanism of seques­
trum formation. He pronounced 
the importance of the periosteal 
blood supply in calling for early 
incision of subperiosteal abscesses, 
"to prevent as much as possible the 
separation of the periosteum11.<29> 

Dorsey in 1818 wrote at length 
on necrosis of bone. <30> Ten years 
later, Nathan Smith noted that the 
disease was almost confined to 
young patients.<31> 

Full description of the disease 
was given by Liston in 1837 in his 
"Elements of surgery". <32> 

The cause of osteomyelitis re­
mained obscure until Pasteur in 
1 �60 derrionstrated the presence of 
living microorganisms that could 
cause osteomyelitis. <13,33> Before 
him, the disease was thought to 
be caused by a "severe cold". Soon 
the common offending organism 
became known and named "Sta­
phylococcus11,<34l that was derived 
from two Greek words Staphyle 
which means bunch of grapes and 
Kokkos which means grain. 

The differentiation of chronic 
osteomyelitis from tuberculosis of 
bone was not possible except after 
the isolation of the tubercle bacil­
lus by Koch in 1882.<35) 
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The haematogenous route of 
infection in osteomyelitis was 
proved experimentally in animals 
by Rodet in 1889.<36) 

Lexer in 1894 clarifying the 
haematogenous lesion stressed the 
effect of trauma as a focus of 
lowered resistance in the localiza­
tion of the circulating microorgan­
isms.<37) The importance of the 
presence of such an area of low­
ered resistance was much appre­
ciated later on. It has been found 
that neither the local injection of 
staphylococci<38) nor their intrave­
nous injection<39) alone were able 
to produce osteomyelitis. Osteo­
myelitis occurred only after injec­
tion of sodium morrhuate into the 
metaphysis, producing local necro­
sis, thus allowing bacteria to settle 
and initiate the disease. <38> 

The first detailed description of 
localized abscess formation in long 
bones came by Benjamin Brodie in 
1819.<40> He considered it a resi­
duum of a previous low-grade 
osteomyelitis. 

In 1864 Ollier<41> described a 
special type of bone necrosis which 
was reported by Poncet under the 
name periostitis albuminosa. <42> 
He considered it a local cortical 
and subcortical involvement by 
organisms of low virulence. This 
entity was later traced by Kuth in 
1938 who was able to report 66 
cases.<43> 

By the year 1890, Chyne de­
scribed a case of osteitis in the 
radius in which at operation a 
sequestrum was removed without 
a trace of pus being encoun­
tered. <44) Garre's description of 
similar cases came in 1893 after 
which the condition became 
known by his name.<45> He named 
it "Sclerosing non suppurative 
osteomyelitis 11• <46) Osteoid osteo­
ma was considered a localized 
form of this entity, although Jaffe 
and Lichtenstein considered it 
neoplastic. <47> 

The occurrence of malignant 
degeneration in the osteomyelitis 
sinuses was first described by 
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Caesar Hawkins in 1833.<48) The 
second case was reported by Dit­
trich in 1847.<49> It was called the 
warty tumour.<50> Later on, reports 
followed classifying this condition 
into superficial and deep tu­
mours.<51> Sarcomatous formation 
is more rare than carcinomatous 
degeneration. C52,53) 

The nature of the disease was 
completed by the discovery of X­
rays, by Roentgen in 1896 which 
facilitated the understanding of 
the bone changes.<54> Tomographic 
studies were used to demonstrate 
deep-seated small cavities.<55) Pla­
nographic studies helped to de­
monstrate small sequestra. <56> 
Diagnosis of the bone changes in 
the early stages of acute osteomye­
litis did not benefit from Roentgen 
discovery except recently when the 
soft tissue changes occurring early 
in acute osteomyelitis became un­
derstood.<57,58) Advances in ima­
ging have added much to the 
understanding of the pathology 
and diagnosis of different stages 
of osteomyelitis by scintigra­
phy,<59) ultrasonography,<60·61> Iso­
tope bone scan, <6 2> computed 
tomography<62·63) and MRI. <64> 
New imaging modalities have im­
proved the diagnostic and differ­
ential diagnostic criteria of bone 
infection such as fluorine-18-fluor­
odeoxyglucose- positron emission 
tomography<65) and sequential 
radionuclide bone- marrow and 
bone scans<66). 

Phemister in 1924 described the 
silent foci of osteomyelitis which 
may remain silent for variable 
lengths of time and be discovered 
only by chance.<67) The danger of 
these foci is that they can be 
reactivated at any time. Gallie in 
1951 described the flare up of a 
case of osteomyelitis after 80 years 
of quiescence. <68) 

The mechanism of bone de­
struction in this disease was and 
still is controversial. At first it was 
thought to be a lytic effect of the 
toxins of the invading organ­
isms. <69) Axhausen in 1914 ad-
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vanced the hypothesis that 
necrosis was due to septic infarc­
tion, that is the collection or 
deposition of organisms in the 
lumina of the smaller branches of 
the vascular network which inter­
fered with the regional circulation 
of the bone. <70> Starr in l 92i71> 
and Wilensky in 192i72> and many 
others emphasized the fact that 
acute osteomyelitis is a metastatic 
lesion occurring during the course 
of bacteraemia. To them the re­
tardafion of the circulation as it 
passes throu,gh the tissue spaces of 
the bone, especially at the meta­
physeal level, explained the ten­
d e n c y  o f  b l o o d  b o r n 
microorganisms to settle in this 
area. 

Larsen in 1934 offered a differ­
ent opinion.<73> He suggested that 
suppuration and the products of 
its tissue reaction caused an in­
creased intramedullary pressure 
which produced ischaemia leading 
to necrosis. In his experiments, 
Larsen stressed that the amount 
of necrosis resulting is in direct 
proportion to the extent of intra­
medullary pressure and its dura­
tion. 

Hobo (1921 - 1922) ascribed 
metaphyseal localization to the 
lack of active phagocytosis in the 
metaphysea l  ends  o f  long  
bones<74>_ 

Many predisposing factors of 
the acute stage were known and 
mentioned in many textbooks. 
These included debilitating dis­
eases, malnutrition and others. 
Genetic and immunological fac­
tors including certain tissue factors 
have also been blamed.<75·76·77> 

IV. HISTORY OF MEDICAL 

TREATMENT: 

Very early in history, the an­
cient Egyptians treated suppura­
tions of bone by poultices of 
ground snakes, incinerated toads 
and puppies and by decoctions of 
various herbs, even sprayed per­
fumes and soft music were used. <18> 

The ancient Chinese treated 

97 



Osteomyelitis. Review article 

bone inflammations by the appli­
cation of small pieces of slow 
burning wood over the painful 
area. The Hindus followed their 
old dogma "The fire cures diseases 
which cannot be cured by the knife 
and drugs11.<3) 

In the fifth century B.C. Hip­
pocrates turned Greek medicine 
into science. His writings were 
under the effect of one basic rule 
"diseases which are not cured by 
medicines are cured by ironing; 
those not cured by ironing are 
cured by fire; those not cured by 
fire are incurable". These princi­
ples were adopted by his followers, 
Celsus, Antyllus and at last Ga­
len<3) 

The ninth century A.D. wit­
nessed Avicenna and his Arab 
successors. They revolutionized 
the lines of treatment with more 
interest in the medical aspect of the 
problem. <23) 

Hunter in 1786 preached that 
immobilization and rest consti­
tuted the basic treatment of bone 
inflammation. <29) 

Liston in 1837 advised, beside 
surgical treatment, "the adminis­
tration of purgatives and nauseat­
ing doses of antimony, encourage 
the patient to move the neighbor­
ing joints, support the patient's 
strength and give the limb support 
and rest". <32) 

The introduction of antiseptics 
by Lister in 1867 was a real 
achievement,<79) but soon it was 
realized that those agents can 
damage human tissues in the same 
way they can inflict death to the 
bacterial cells. <80) 

World War I gave surgeons a 
tremendous experience in the 
treatment of open fractures and 
to some extent osteomyelitis. It 
must be emphasized, however, that 
to all practical and therapeutic 
purposes, haematogenous and 
post-traumatic osteomyelitis were 
appreciated to be different lesions. 

Baer in 1931 in the period just 
following World War I, made the 
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interesting observation that 
wounds which were contaminated 
with maggots II the larvae of the 
brown fly" healed with apparently 
greater ease than many of the 
wounds which had remained un­
contaminated. <81) Other authors 
reported on the success of the 
method in the same era. <82-85) 
Maggot therapy was applied in 
the acute as well as the chronic 
stage of the disease.<84) This ob­
servation has been made long 
before by Pare in the sixteenth 
century,<86) Larry in 1882,<87) and 
Pirogoff in the mid nineteenth 
century. <88) During the American 
civil war, surgeons mentioned that 
maggots were actually more effi­
cient at digesting necrotic tissues 
than the scalpel or nitric acid<89),­
and advised their use to debride 
wounds of the soldiers.<90) How­
ever, 14 centuries earlier Prophet 
Mohammad of Islam has empha­
sized the curative effect of flies. He 
said: 
rl .JS' ...___.,,J,; r5' ..1.,,-( •UI ,j y\i.ill (!J 111» 
«•\..i.!. ..f'-�I ,j _, •b ¥-1.:..:- LS..1.,,-) ,j .:,µ •-_,J.,,l 

Here is the English translation: 
"If flies fall in one's dish, he 

should immerse "it" completely, 
then throw "it" away, as in one 
of its wings there is "something 
which causes disease" and in the 
other there is "something which 
causes cure11.<91) 

Recently there is an increasing 
interest in maggot therapy inspite 
of the advanced surgical technol­
ogy and antibiotic therapy. The 
spectrum of conditions which re­
sponded to maggot therapy in­
clude skin and soft tissue wounds, 
pressure ulcers, ulcers due to ve­
nous stasis, neuro-vascular ulcers 
and diabetic foot infection. <92-95) 

The biological and bacteriolo­
gical backgrounds of this sort of 
treatment were investigated, so 
also were the methods of cultiva­
tion, sterilization and application 
of the larvae<81-85)_ 

Baer applied maggots to gaping 
wounds left after thorough cauter-

ization of the bone; the wounds 
healed remarkably well with aston­
ishing clarity. He believed that 
maggots removed necrotic tissues 
and microorganisms by actual in­
gestion. <81) 

Buchman and Blair in 1932,<96) 
and Buchman in 1934,<97) believed 
that the efficacy of the method 
depended on the action of the 
proteolytic enzymes secreted by 
the maggots on dead tissues, the 
physical removal of the microor­
ganisms by the maggots and the 
minimal irritation of the wound 
caused by their activity. 

Livingstone and Prince in 1932 
believed that the value of the 
method depended on an active 
principle which they have obtained 
from maggots' extract and recom­
mended its use.<98) 

Stewart in 1934 believed that 
calcium carbonate was the active 
principle of the maggot treatment 
and suggested a chemical techni­
que whereby this salt was diffusely 
precipitated in the cauterized 
wound.<99) 

Robinson in 1935 discovered 
that allantoin was present in the 
excretions of maggots. He sug­
gested its use as the active principle 
of maggot's therapy without the 
actual presence of maggots.<100) 

Hall in 1995<101)believed that 
the effect of maggots was due to 
washing out of bacteria by serous 
exudate caused by the irritating 
effect of maggots in the wound, 
where as Thomas et al <102) related 
this to the secretion of various 
therapeutic and antimicrobial 
agents. The advantages of this 
method of treatment are believed 
to be efficacy, safety, simplicity 
and low cost. <95, 101) 

A main disadvantage of the 
method ,however, was the irrita­
tion to the skin by the action of the 
migrating larvae. For this reason 
the skin had to be protected by 
applying adhesive tape, rubber 
plastic or collodion on the skin 
around the wound.<81) Jewett in 

Pan Arab J. Orth. Trauma 



1933 used the Unna's paste for the 
same purposeC103>. 

Albee  and  Patterson in  
193O,C104> following the bacteriolo­
gical work of d'Herrelle, suggested 
adding stock bacteriophage to the 
vaseline pack of an Orr dressing 
"vide infra". They claimed that the 
effect of the Orr treatment was due 
to the development of bacterioph­
age in the wound. 

Brockway in 1932 introduced 
the method of treatment of osteo­
myelitis in the warm-salt-water 
pool. This, he believed, came more 
in indication if the disease process 
was near or involved a joint. He 
stated "it is a well recognized fact 
that the best stimulation to healing 
in the chronic stage of osteomye­
litis is physiological motion. Also 
by means of the difference in the 
osmotic pressure between the solu­
tion C6·7 ¾) and that of the body 
fluids; the latter being higher, 
drainage from the infected tissues 
was accelerated. This, in turn, 
induces a regular and efficient 
washing and cleansing of the 
wound from its inner most 
depths". (t05) 

Benians in 1933 recommended 
using benzol by mouth. C106> 

Terrel Gray in 1934 abandoned 
operations altogether,and treated 
his patients with mercury chloride 
in doses of 0.10-0.25 gm. given 
intravenously every day or every 
other day.C101> 

Humpharies in 1936, believing 
that the disease is due to intestinal 
poisoning which lowers the germi­
cidal properties of blood, treated 
his patients by means of liquid diet 
and immobilization with no opera­
tionC108>. 

Antitoxin has been used as an 
auxiliary to bone drainage, but 
with variable results.C109·110> Dali­
man in 1932 recommended the use 
of toxoid as well as antitoxin. He 
believed that the antitoxin was 
primarily antitoxic, indirectly bac­
tericidai and definitely antileuco­
cidic. (t t t) 
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All these methods were cut 
short by the birth of chemotherapy 
which rapidly took a firm clench 
on the disease. 

Early before World War I 
Salvarsan was developed by Ehr­
lichY 12> Its use, together with 
other arsenic compounds such as 
neoarsphenamine, in the treatment 
of osteomyelitis, was tried and 
gave good results.C1 13> The sulpho­
namides followed. These were ra­
pidly welcomed by the medical 
profession, as they realized the 
dream that long filled the imagina­
tion of surgeons to have a sub­
stance which wil l  halt  the 
multiplication of bacteria. Sulpha­
nilamide was the first member of 
these agents and was synthesized 
by Gilma in 19O8.c114> Domagk in 
1935 used the combination of 
Sulphanilamide and hydrocupar­
ine and found that it was bacter­
icidal in vivo. He called this 
compound Prontosil. Ct 15> The 
other members of sulphonamides 
followed in succession. Good re­
sults were reported for these drugs 
in the treatment of osteomyeli­
tisY 16·120> However, Bick in 1941 

concluded that though these 
drugs saved life and shortened the 
duration of the disease, yet the 
local abscess had still to be drained 
and, in general, sulphonamide 
therapy in acute haematogenous 
osteomyelitis could not be a sub­
stitute for surgical treatment.C 121> 

The contamination in 1878 of a 
plate of Staphylococcus aureus by 
the spores of the species of peni­
cillium was the beginning of the 
study of penicillin by Fleming.C122) 

The existence of penicillin was 
known to Fleming in 1929Y23) 
However it was not until 1940, 
that the Oxford Group of investi­
gators reported its effectiveness 
against pathogenic organisms. In 
1943 Florey and Florey prophe­
sized that "one might anticipate 
the time when osteomyelitis trea­
ted early and intensively with 
penicillin should not require surgi­
cal intervention11Y24> This pro-
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phecy was about to be fulfilled, 
as by the late forties and early in 
the fifties of the twentieth century, 
penicillin used to give magic re­
sults; it was called the miracle 
drug.Ctl2) By its use, mortalities 
due to osteomyelitis fell to very 
low levels. Metastatic abscesses 
were almost unknown. Many re­
ports followed announcing that 
osteomyelitis was about to disap­
pear.c125· 127> Unfortunately this 
did not stand the test of time and 
fell once again nearly to the zero 
level. The cause was the rapidly 
developing resistance of the micro­
organisms to penicillin.C128) 

The other members of the anti­
biotic group followed in succes­
sion; streptomycin in 1944, 
bacitracin in 1945, chloromycetin 
in 194 7, the tetracyclines (I 948-
1953), neomycin and allied drugs 
( 1950-1959), the erythromycin 
group (1953-1957), the synthetic 
penicillins (1957)C129>, the cepha­
losporines (1957), and at last (so 
far) are the quinolones.c13o) How­
ever Staphylococcus aureus devel­
oped resistance to these drugs in 
direct proportion to the frequency 
these drugs were used. c128> 

This depressing ·fact made sur­
geons try different methods of 
administration of antibiotics and 
modify the ways of their use in 
order to overcome this rapidly 
developing resistance. 

They first resorted to "the 
multiple or combined antibiotic 
therapy", but the benefit was 
debatable. C131) 

The carriage of the antibiotic 
through the tissues was facilitated 
and its destruction by the bacterial 
enzymes minimized by the use of 
detergents.c132·133> 

The addition of anticoagulants 
to the antibiotics for the same 
reason and to diminish thrombosis 
was tried by Kortilla et al.c125> 

Application of antibiotics in 
closed extracorporeal circulation 
was tried. The aim was to face 
the diseased area and hence the 
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infecting organisms with high con­
centrations of antibiotics which 
could not be delivered by the 
blood stream in the usual way. 
This high concentration of the 
antibiotic was believed to be able 
to knock out the infecting organ­
ism. Cl 33-135) 

Methods to improve the gener­
al resistance of the patient were 
resorted to, of course, in combina­
tion with antibiotics, to build up 
good defense mechanisms. This 
included, beside the general sup­
portive treatment, the injection of 
gamma globulinC 1 36l and the local 
injection of autogenous blood. ci37l 

Bingham in 1947 introduced 
the refrigeration treatment of 
acute osteomyelitisY38l To him, 
refrigeration of the limb reduced 
signs of systemic infection, re­
duced fever, relieved painful swel­
lings and diminished both local 
and systemic spread of infection. It 
did not interfere with the action of 
the circulating antibiotics. In the 
same time, it inhibited bacteria, 
made them more susceptible to the 
action of antibiotics, diminished 
the output of bacterial toxins and 
reduced tissue necrosis and auto­
lysis. The author stressed that no 
harmful effect resulted from refrig­
eration which could be applied for 
periods as long as 75 days. 

Inspite of all these trials, much 
has been left to be done by the 
surgeon. And as Trueta said, 
"Penicillin can never do what 
surgery can do II  In many cases 
these conservative methods have 
to play only supplementary role in 
the problemY39l 

V. HISTORY OF SURGICAL 

TREATMENT: 

A-The acute stage: 
The ancient literature was very 

poor in describing cases of acute 
osteomyelitis, probably due to its 
high mortality rate. This led to the 
bad reputation of the disease, 
which together with the associated 
bad general condition, prohibited 
surgeons to attack the acute form. 
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John Hunter in 1786 stressed 
that as soon as ever it is known 
that suppuration has taken place, 
it should be drained to prevent as 
much as possible the separation of 
the periosteumC29l 

Nathan Smith in 1827 knew 
that there was increased tension in 
the early stages of bone infection 
and that it was necessary to incise 
the periosteum and drill the bone 
to avoid interference with the 
blood supplyC3 1l. 

Subsequently the advance in 
the clinical and bacteriological 
methods of diagnosis encouraged 
surgeons to proceed in this respect. 
Just before the twenties of the 
twentieth century surgical treat­
ment was nearly the routine ap­
proach in every case of acute 
osteomyelitis. Mortalities of such 
treatment was however common. 
Apparently they were related to 
surgery although other factors, 
such as electrolyte imbalance, the 
bad general condition, the poor 
post-operative care etc. were 
equally effectively responsible. As 
a result surgical treatment was to a 
great extent halted.c3l 

With the advance in general 
care and antibiotic therapy, surgi­
cal treatment of the acute stage 
took the priority again. However 
to operate early or to wait for 
localization remained an issue of 
controversy. 

John Murphey (1916) advo­
cated operating even before the 
diagnosis was certain. C 140l He 
claimed that early incision would 
not hurt, while a late incision was 
an invitation to a fatality. To this 
school belong many authors. 
Waiting for localization flourished 
in the period of the forties of the 
twentieth century, and Wilensky 
seems to be the father of this 
schoo1.C 1 9,72l There is even a third 
school recommending not to oper­
ate at all; to this school belong 
many authors too.c141 •142l 

B- The chronic stage: 
The first piece of knowledge 

available on the surgical treatment 

of chronic osteomyelitis is men­
tioned in the Edwin-Smith Surgi­
cal Papyrus ( 1600 B.C). The 
Ancient Egyptians knew that when 
a wound over a fracture site failed 
to heal and purulent material 
began to flow from it in increasing 
amounts, a small fragment of bone 
would eventually be extruded: a 
raspatory was then employed to 
scrape out the necrotic pieces of 
bone.C4l 

Antyllus in the third century 
(260 A.C), described the removal 
of necrotic bones and diaphysect­
omy _(143) 

Avicenna in the ninth century 
(980-1037) wrote a very compre­
hensive chapter on the treatment 
of chronic osteomyelitis and in 
particular of saucerization in his 
"Canon of medicine". Here is the 
translation of the original text of 
Avicenna. (I 0l 

"Section on its treatment: The 
treatment of corruption of bones is 
by curetting 11it11 ,  stopping 11it11 , or 
cutting 11it11 or sawing 11it11 whether 
there is a sinus or not. It is 
essential to curette and expose it. 
Or by cauterizing the bad portion, 
so that the corrupted pellicles fall 
away and the healthy parts remain. 
Some drugs may make the bony 
pellicles fall away, just as the scalp 
pellicles fall away. If the corrup­
tion of bone is deeper, it has to be 
excavated. If the corruption has 
reached the bone marrow, it is 
imperative to remove the bone 
with its marrow. If the corruption 
can not be cured except by cutting 
the whole bone or sawing it, or of 
a big portion of it, this has to be 
done unavoidably". The original 
Arabic text is as follows: 
� r r-kl' �w c.� -">--� .} J-,=J1" 
'.:?'-i- t1 )  \J.r"'\j .:,ts" .,.,.. •_r!,jJ ....).; )  .Jl.b;l, 
,..,_. .J....,,ll)\ c:L,tl & ) •� fl" J .5' ,:r -1! � ,,.;� 
I • • ,, ----�JI . . .J....,,ll)\ . ' :I\ ..b.i.....:l ..,..._, � J • c..-:-� f..5'-:/.J • J.r--
1.;t, ... ,))\ J_,.!j J..w L..l!,. 4!J�4 rl,l..,JI J_,.!j 
••_i!.,Z ,:r -1!')\.i .!.).],; ,:r v" _;.i �I �w .:,ts" 
.!.).],; .1,,:.i .:r -1! .:?'-i- t3 t:l' � �u, .:,ts" .:,t, 
) t1ul1 �I .J-"' � �u, .:,ts" .:,1., •"""-f r-kl1 

. a  ... = -1!')\.i ;.r-? ....:Ud ) � J5J �' 
Albukasis (Abulquasim Ez-
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zahrawy) in the eleventh century 
described the treatment of chronic 
osteomyelitis, laying stress on se­
questrectomy and diaphysectomy 
in his book (AI-Tasreef): the fol­
lowing is the translation of the 
original text of Albukasis.<9l "I 
introduced the probe into one of 
these sinuses, it reached the bone. I 
examined all the sinuses, I found 
that all were communicating with 
each other from all sides of the leg. 
I incised at once one of these 
sinuses until I exposed part of the 
bone, I found it corrupted, eaten, 
blackened, putrefied and perfo­
rated to the marrow. I sawed off 
all what I could of the exposed 
corrupted bone, thinking that 
there was no more corrupted bone 
and that I have removed it. Then I 
treated the wound with healing 
drugs for a longer period, but it 
did not heal. I then exposed the 
bone again, above the first expo­
sure, I found more corruption in 
the bone. I sawed what has ap­
peared from this corruption. I 
wanted to heal it but it did not 
heal. I examined it again, and I 
remained cutting from the bone bit 
by bit, wishing to heal, but it did 
not heal, until I have removed 
about hand-palm from the bone 
with its marrow. After this it 
healed and recovered quickly. Re­
petition of the operation was 
necessary because of the weakness 
of the patient, his inability to 
tolerate the operation and my fear 
that he might die. This was be­
cause he bad occasional attacks of 
vomiting followed with bad drow­
siness; he recovered completely". It 
is clear that Albucasis was aware 
of the bad general condition of the 
patients in this disease. 

The following is the original 
Arabic text : 
�i.; .. 1_,.;\11 .!.11; .J.>.i ,.} ;l,-1.1 ..:..1.,:.�i 
41-1>.-_,.i ,\+lS' .1_,.;\11 � rl 'ilJ;,...JI Jl ;l,-1.1 
«JUI ..:.,1.p.- C:;"" ,:r � JI � � 
..:...L!.S' t.i-> .,.,.�, .!.11; .J.>.I � ..::....i.i.!,J ..:.,J�Y 
,,:i-WJ ,� ylJ JS'ii ..u l.i...u -u-1>,-_,.i ,r-1,JI ..Ju.i 
J � \.. ..:..,_r!-:.i ,t;11 Jl .U; t.i-> �J 
r-1,JI ,.} u--.l .:,i J;,i liiJ ,.i...Li.11 r-1,JI ,:r ,y-1 J 
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. . . _r.>.-1 ..:...l...>.- rl .ci..ol.:..I ..u .JIJ �UI .!)J:, _d:, 

..:.,..u:- rl ,� I""° Jj,i ;-1.,, �I 41.J�\14 c)-1 
,JJ \r, .....;..!..()1 J_,.i !;_,i� r-1--1' .:;-- � 
J _,..i; t.. ..:.,_r!-:.i ,r-1,J4 � �u, ..:..,..1.:-_,.; 
� J � I""° •;l,:,,-1 ..:..,. J rl ,�u, .!JJ:, .:r L.;.;i 
r-1--1' &i J) I""° L.;.;i 9" ..:...L!.S' rl ·�' 
.:r .:...,.,k; t.i-> '� ')\; • _r.>.- i J)J ,. j>.' ,. j>.' 
41.y\14 JJ_r,>.- rl ,$..,\° <1>..f"-i •.r.- ,:r ly,-; ilJ;,...JI 
....w ,.} ;1__,5::ll lh �J l.clJ ,j.r-J �.r" �\; 
9" ,.} .r"-J ..Jl..>I ;.1; J ,J=Lll ....;.....;, ;.ILi. ..l;. J 
.:r - ..:..,\j J \r, JS' ,.} .,J ..!.,..l.>--i .:,lS' ,.;\r ,..:., _,ii .:r 

.�Lr ts� «19; � - t_l_;::...�I .kl)l 
Before Avicenna and long after 

him, cautery was a very essential 
mode of treatment. In the four­
teenth century, Pare (1510-1590) 
was probably the first to denounce 
cautery<86l and together with 
Aderne of England, recommended 
removal of free sequestra. <144> 

Samuel Sharp (1739) prohib­
ited cautery saying that the cruelty 
that attends its use should entirely 
banish it out of practice.<145l 

Sparrow (1740), described dia­
physectomy for osteomyelitis of 
the tibia by sawing the bone into 
two in its middle and extracting 
the two parts.<146) 

William Hey (1803 ) ,  was 
among the first to advocate drai­
nage of the infected bone itself. He 
recommended enlarging the spon­
taneous fistulae which formed fol­
l owing the acute stage and 
removing the diseased bone. <147) 
Resection of the diseased bone 
was recommended in the nine­
teenth century by Heine, Langen­
beck, Larghi and many others.<148) 

In 1813, McCreary excised a 
clavicle,<149) in 1833, Massy ex­
cised a radius, ulna, Os-calcis and 
other bones.<150> This technique of 
bone resection was discussed in 
detail and popularised by Ollier, 
depending on the principle of 
regenerat ion following resec­
tion<151l and subsequently studied 
further by Nichols (1904) .< 1 52> 
Gurd in 1947 recommended exci­
sion of certain parts of the skele­
ton, which he called surplus bones 
to shorten period of disability.<1 53) 
Dorsey (1818) preferred amputa­
tion to the painful, difficult and 
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hazardous operation of seques­
trectomy. <30> 

Liston (1837) advised "open­
ing" the abscesses and removing 
sequestra when loose. <32> 

Esmarch (1873) advised re­
moval of free sequestra. The pre­
sence of a free sequestrum was 
proved by inserting sounds in the 
sinuses overlying it; by moving the 
upper sound, the remaining ones 
will move if the sequestrum is free. 
He described the Esmarch rubber 
tourniquet to avoid the massive 
haemorrhage which could occur 
otherwise when operating on cases 
of chronic osteomyelitis. <154l 

Lister (1867) applied Pasteur's 
bacteriological discoveries to sur­
gery. <79) He used carbolic acid in 
disinfecting open fractures and 
was able to minimize the incidence 
of osteomyelitis in these cases. In 
this way antiseptics entered the 
field in conjunction with the surgi­
cal regimen indicated. Soon other 
antiseptics were used for the same 
purpose, for example the strong 
solution of bichloride of mercury 
(Kettling 1885), < 1 55) iodoform, 
spermacete and oil of sesame 
(Mosetig-Moorhoff 1903), <156l tinc­
tu r e o f  i o d i n e  ( M c C ur d y  
1907),<1 57) gutta percha (Moore 
19O5)°58l and bismuth paste (Beck 
1909).< 159) 

On the other hand, Nichols 
(1904), demonstrated that the 
bone marrow and endosteum were 
as important as the periosteum in 
the regeneration of bone. He 
showed that thorough scrapping 
or the application of strong anti­
septics delayed healing.< 152> 

The Carrel-Dakin irrigation 
treatment of septic wounds and 
compound fractures was known 
prior to the World War r.<160l It 
was a step forward in the thera­
peutic techniques. This technique 
depended in its action on thorough 
surgical debridment first, then the 
Carrel-Dakin solution (Soda 
Chlorinata Chirurgica, B .P.) was 
to circulate in the wound in a 
manner allowing contact of every 
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part of the tissues with it.<161> The 
method was claimed to give very 
good results by many authorsY62> 

Some authors related the effec­
tiveness of the Carrel-Dakin tech­
nique to the action of the chlorine 
atom present, thus producing che­
mical sterilization of the surgically 
prepared wound. < 163> This was 
denied by Buchman.<16 0> He 
thought that similar results would 
be obtained with inert solutions 
used with the same meticulous 
surgical technique. He stated that 
the value of the treatment arouse 
out of the physical removal and 
possibly the chemical dissolution 
of the wound discharges. 

However, this method caused 
severe pain and discomfort to the 
patients. Reinfection with nuisant 
organisms incidental to the fre­
quent dressings occurred and was 
the cause of worsening the condi­
tion of the patient. In addition the 
method was tedious and time 
consuming. Because of these dis­
advantages the method lost its 
popularity and was replaced by 
another, which was completely 
opposite to it, namely the Orr 
treatment.<3,150> 

Winnet Orr (1927),'164> feeling 
that infection was prolonged by 
inefficient immobilization in Car­
rel-Dakin treatment, resorted to 
his world known method. This was 
originally complete surgical deb­
ridment, subsequent packing of 
the wound with vaseline gauze 
and encasement of the limb in 
closed plaster. After this Orr fol­
lowed his dictum "leave the wound 
alone. Each time you touch it, you 
stir up troubles". <165> 

The plaster was changed scar­
cely, every 3 weeks or so, and 
especially when the odour and the 
softening of the plaster made its 
change imperative, or if there was 
pain underneath, or the patient 
became toxic and feverish which 
denoted accumulation of pus in 
newly formed pockets in the 
wound. <165> 

Experiences with this method 
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showed that although it held good 
for open fractures, it gave less 
gratifying results with haemato- ' 
genous osteomyelitis. Anyhow, 
this method was a great advance. 
The vaseline pack acted as a drain 
and ,by its resistance, induced an 
evenly distributed formation of 
granulation tissue from the depth 
of the wound. The non-adherence 
of the pack allowed it to be pushed 
out of the wound by the newly 
forming granulations. It avoided 
reinfection by the infrequent dres­
sings. A sort of autovaccination 
was thought to occur, between the 
body and the organisms present in 
the discharge. This was held re­
sponsible for the sterilizing effect 
of the method. It also provided 
rest which soothed the patient's 
pain, induced healing and avoided 
spread of the infection. In general 
the method excelled all other 
methods known at those days 
including the Carrel-Dakin treat­
ment.<166> 

Nevertheless, the method has 
some disadvantages: the patient 
lost appetite and weight, the plas­
ter had foul odour and the pro­
longed immobilization produced 
joint stiffness and fibrosis of the 
adjacent soft tissues. Albee (1933), 
objected to the vaseline gauze pack 
used by Orr. He believed that the 
gauze was apt to become adherent 
to the bone at the bottom of the 
wound and so would resist extru­
sion and delay healing. In the same 
way, the wound granulations were 
likely to strangulate through the 
meshes of the gauze. For this 
reason, Albee used instead a par­
affin- vaseline tampoon together 
with irrigation of the wound twice 
weekly by a bacteriophage<78>. 

Hawk ( 1933) criticized the 
method on the basis that bone is 
a viable tissue, which increased its 
vitality by use and that immobili­
zation rendered the circulation 
sluggish and thus interfered with 
healing. For this reason, he pre­
ferred to make the excavation long 
and narrow, thus retaining the 

strength of the bone and allowing 
for quicker healing of the resulting 
cavity, because the granulating 
surfaces were not separated too 
far.<167) 

Stewart (1934), objected the 
Orr treatment because it resulted 
in the formation of a mass of scar 
tissue. <99> 

Various modifications have 
been introduced on the Orr treat­
ment. In the Bipp method, the 
vaseline gauze dressing was re­
placed by liquid paraffin, bismuth 
and iodoform (Bismuth-Iodoform­
Paraffin paste). Its aim was to 
institute "curtain drainage" by 
means of a film of liquid paraffin 
adherent to the surface of the 
wound. Its advantage was said to 
be the elimination of the disagre­
able odour characteristic of the 
Orr technique. But it had the 
disadvantage of the possibility of 
toxic symptoms incidental to the 
use of excessive amounts of the 
paste. <160> 

Trueta, in the Spanish war, 
noticed that the skin in the vicinity 
of the wound got sodden by the 
vaseline pack, and used a dry pack 
instead. Later, after the introduc­
tion of the sulphonamides, Trueta 
added sulphonamides to the dres­
sing. He called the technique "the 
closed plaster technique". <168> 

Lohr (1934) replaced the vase­
line pack by a cod-liver oil pack 
aiming at the benefit of adding 
vitamins to hasten healing. Cl 69> 

Fraser ( 193 6) packed the 
wound with gauze soaked in liquid 
paraffin, acriflavine and 2% so­
dium citrate: the citrate kept the 
discharge in solution, the acrifla­
vine was an antiseptic and the 
paraffin permitted easy removal 
of the pack.<109> 

The Orr treatment and the 
other similar techniques owed 
their existence to the discovery by 
Mathijsen in 1852 of plaster-of­
ParisY70> Nevertheless, this inven­
tion did not become popular until 
published by Sayre in 1876.<171> In 
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reality it was the invention which 
paved the way for the Orr treat­
ment of osteomyelitis 70 years 
later and encouraged surgeons to 
attack bones by different techni­
ques. 

When chemotherapy and anti­
biotics entered the field of therapy, 
they found their utmost indication 
in osteomyelitis. They came to 
supplement surgery both in cases 
of acute and to a lesser extent in 
chronic osteomyelitis. Surgeons 
became more bold to operate on 
bones and the surgical techniques 
improved since that time. How­
ever, vagaries of osteomyelitis 
continued and it seemed that the 
subject became a subspecialty of 
Orthopaedics. In big centres, such 
as Massachusetts General Hospi­
tal in America in the forties of the 
twentieth century, there existed 
"The Osteomyelitis Service". <172> 

Systemic and local antibiotics 
were administered ; the latter was 
either in the form of local injection 
or intra-osseous instillation<172-174> 
or in a closed - irrigation-suction 
technique.< 173-1 75> More recently 
an extracorporeal circulation was 
created; as in cases of chemother­
apy for malignant tumours. The 
blood circulating in this system 
was to carry antibiotics in as a 
high concentration as the local 
tissues can tolerate.<176·1 78> Hepar­
inization is needed and the system 
worked for half an hour after 
which the limb was washed with 
saline and the vess�ls reconnected. 
The method was to be applied 
once, after which a "radical" local 
surgery was applied. 

The poor permeation of anti­
biotics into bone made some 
authors try to combine antibiotics 
with a "vehicle" to facilitate its 
carriage through the osseous tis­
sues. This was done by addition of 
some detergents such as aerosol 
wash or alevaire.<12·133) Similarly 
permease< 1 7 4> and some en­
zymes,< 174) such as trypsin and 
pepsin were combined with anti­
biotics to promote proteolysis of 
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bacterial toxins. Deoxyribonu­
clease was applied locally or ad­
ministered intramuscularly to 
produce liquefaction of pus and 
facilitate its discharge from the 
sinuses.<119> 

Until the thirties of the twen­
tieth century the general consensus 
of opinion was that to leave the 
wound open, after whichever pro­
cedure was done. The aim of this 
was to allow drainage of the 
exudate and purulent discharges. 
However reinfection and superin­
fection occurred which together 
with other factors, such as the 
repeated injury to the newly 
formed granulation tissue, mark­
edly retarded the closure of the 
wound. For this reason Lord 
(1935) recommended early closure 
and obliteration of any dead 
space.<180> He recommended the 
use of skin flaps as early as 1902 
to achieve t�is purpose. 

Smith-Petersen et al (1945) 
stressed that the fundamental prin­
ciple in the treatment of deep 
sepsis was the creation of a path 
or avenue of escape for the accu­
mulated products of infection. In 
those days "packing the wound 
open" was the method generally 
used to accomplish this purpose, 
but it had many draw-backs. Mak­
ing a wound close from the bottom 
meant a prolonged period of heal­
ing during which there was bound 
to be considerable loss of serum 
from the granulating surfaces. This 
has been estimated for one case in 
24 hours to be 39.1 g and i;i· the 
average it was 11.9 g daily. This 
fact alone was a serious· objection 
to drainage by packing the wound 
open.<172> Relatively frequent dres­
sings are painful to the patient and 
time consuming to the surgeon, 
constituted another objection to 
the method. Partial primary clo­
sure of the wound was the logical 
answer to the problem. This was 
feared at first, but aided by a 
system of closed irrigation suction, 
or even closed suction alone, the 
fears of collection of the infected 
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exudates, restarting a new focus, 
was over. <1 75> 

Researchers on chronic osteo­
myelitis were, and still are, con­
fronted with a major problem, that 
is the filling of the cavities result­
ing from operations of sequestrect­
omy and or saucerization. The 
success of any operation depends 
wholly on the absence of any dead 
space left after, as this will allow 
haematoma formation which be­
comes readily infected, as blood is 
the best culture medium. Thus a 
vicious circle will be established. 
Extensive trials have been made to 
overcome this obstacle either by 
saucerization if the site of the 
lesion permits, < 181> exteriorization 
of the cavity using a skin graft 
either split thickness.<182·1 34> or 
pinch gran< 135> or obliteration of 
the cavities by the use of various 
filling materials. The latter include 
a flap of fat or subcutaneous 
tissue <186> free fat transplant < 1 81> 
a pedicle of living muscle:<188> 
moist blood clots, <189) autogenous 
blood and antibiotic blom­
bage,< 137> preserved amniotic mem­
brane, < 190> vazeline-wax-parafin­
iodform-sulfonamide paste,< 19 1> 

oxycel and gelfoam,<192> cancellous 
bone chips,<193-198> either as a -one 
stage procedure<196) or a- tw;o stage 
one, <194> autoclaved pieces of ]?las­
ter-of-Paris < 199·200> or bone ce­
mei;i.t.<201> A real contribution for 
eradication of bone cavities by 
bone transport was described by 
Ilizarov and good results were 
r e p o r t e d  b y  d i f f e r e n t  
authors. <202,203> 

Bridging bone defects second­
ary to osteomyelitfs, too, remained 
a challenging problem. Prelimin­
ary control of infection seems 
mandatory. The methods used 
include direct cancellous bone 
grafts,<204,205> open cancellous pa­
pineau grafting,<206·201> cancellous 
insert graft,  < 208> fibular by­
pass, <209,210> tibial-fibular synosto­
sis, <21 1> ipsilateral direct fibular 
transfer,<212·2131 free vascularized 
o r  other  compos i te  t rans -
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plants,'214·215) internal bone trans­
port,'21 6"218) bone graft substitutes 
such as morphogenic protein,'219) 
free fibular graft with intramedul­
lary fixation,<220> cancellous and 
cortical bone allograft, <221 •222) 
ceramics , <223·224) demineralized 
bone matrix, <225> bone mar­
row,<226> composite bone grart<227) 
refrigerated homogenous bone<228> 
or boiled cadaveric bone.<229) 
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