
 

 

 

OSTEOMYELITIS 

 

Grim scene of a cluster of Confederate dead on the field of Gettysburg, July 1863. 

 

“Up men and to your posts. Don’t forget today that you are from old Virginia”. 

 

General George Pickett, to his Division, at the Battle Of Gettysburg, 3rd July 1863.  

 

 “Home boys. Home! Remember home is over beyond those hills”. 

 

Confederate Lieutenant to his troops at the Battle Of Gettysburg, 3rd July 1863. 

 



“The first day’s fighting was so encouraging, and the second day’s fighting he came 

within an inch of doing it. And by that time, Longstreet said, Lee’s blood was up. And 

Longstreet said, when his blood was up, there was no stopping him. Longstreet tried to 

stop him, and Lee said, “No he’s there”, meaning the enemy, “and I’m going to strike 

him” (Shelby Foote, Civil War Historian)…. 

 

Lee by the summer of 1863, had come to believe that he was invincible and so was the 

Army of Northern Virginia. The record would almost invite that when you see how they 

had pummeled one Union general after another and had defeated, or at least fought to a 

draw the Army of the Potomac, at almost every battle up to that point. And Lee really did 

think that if he asked his boys to do something they would do it, that they would do 

anything. He had come by Gettysburg, then, to believe in his invincibility and that of his 

men, and it was his doom. (Stephen B Oates Civil War Historian)….  

 

The third day began badly for Lee. Ewell’s men were driven back from Culp’s hill. Jeb 

Stuart was supposed to get behind the Federals and attack them from the rear. The Union 

cavalry stopped and held him, thanks in part to a series of reckless charges led by 23 

year old General George Armstrong Custer. 

 

Everything now depended on Longstreet’s attack on the Union center on Cemetery Ridge. 

Meade saw it coming and was ready for him. The man Lee chose to lead the assault was 

dashing perfumed General George E. Pickett, who had never before taken his division 

into combat.     

 

“It was an incredible mistake. And there’s scarcely a trained soldier who didn’t know it 

was a mistake at the time it was done except possibly Pickett himself, who was very 

happy he had a chance for glory. But every man who looked out over that field, whether 

it’s a sergeant or a lieutenant general saw that it was a desperate endeavor and I’m sure, 

knew that it should not have been made, (Shelby Foote, Civil War Historian) 

 

Pickett’s men filed into the woods west of the Emmetsburg road and waited in the stifling 

heat. To relieve the tension, some of the men pelted each other with green apples.   

 

They knew what they were going to do, but they had to wait. And while they were waiting, 

formed and ready to move out - they were in defilade among brush and things - and a 

rabbit jumped out of the bushes and took off, a real one. And one of the soldiers looked 

after him and hollered, “Run old hare. If I was an old hare, I’d run, too!”. (Quietly 

laughing)…..It wasn’t all valor! (Shelby Foote, Civil War Historian) 

 

Exactly at 1.00 pm, a giant artillery barrage intended to soften up the Union defenses 

before the attack began with a deafening explosion. Meade had just left his commanders 

finishing their lunch. As an orderly served them butter, a shell tore the man in two. “The 

storm broke upon us so suddenly that numbers of soldiers and officers who leaped from 

their tents or lazy siestas on the grass were stricken in their rising with mortal wounds 

and died, some with cigars still clamped between their teeth, some with pieces of food in 

their fingers”. (Union Soldier) 

 



“The flying iron and pieces of stone struck some men down in every direction. About 30 

men of our brigade were killed or wounded” 

(Elisha Hunt Rhodes).  

 

To keep up his men’s courage, General Winfield Scott Hancock rode up and down the 

line without flinching at the screaming shells. A brigadier urged him to take cover. 

Hancock refused. “There are times”, he answered, “when a Corps Commander’s life 

does not count” Union artillery began to fire back.  

 

“We sat and heard in silence. What other expression had we that was not mean for such 

an awful Universe of battle. All in the rear of the crest for 1,000 yards was the field of the 

shells’ blind fury. Ambulances passing down the Tarrytown road with wounded men were 

struck. The hospitals were riddled”.  

(Frank Haskell). 

 

Suddenly the Union guns fell silent to conserve ammunition for the attack Meade was 

sure was coming and to lure the enemy out into the open fields. It worked. At about 2.00, 

Pickett asked if his men should go forward. Longstreet, convinced the charge was folly, 

unable to bring himself to speak, only nodded.    

 

If you stop to think about it, it would have been much harder not to go than to go. It 

would have taken a great deal of courage to say, “Marsh Robert, I ain’t going”. 

Nobody’s got that much courage  (Shelby Foote, Civil War Historian) 

 

Now Pickett gave the order. “Up men and to your posts. Don’t forget today that you are 

from old Virginia”. At 3.00, three divisions, 13,000 men, started out of the woods toward 

the stone wall a mile and a half away. At a brisk steady pace, covering about 100 yards a 

minute, they were silent as they marched, forbidden this time to fire or even to give to the 

rebel yell until they were on top of the enemy.  

 

“More than half a mile their front extends, man touching man, rank pressing rank. The 

red flags wave. Their horsemen gallop up and down. The arms of 13,000 men, barrel and 

bayonet, gleam in the sun, a sloping forest of flashing steel. Right on they move, as with 

one soul. None on that crest now need be told the enemy is advancing. Every eye could 

see his legions, an overwhelming resistless tide, an ocean of armed men sweeping upon 

us. All was orderly and still upon our crest. No noise and no confusion. General Gibbon 

rode down the lines cool and calm, and in an unimpassioned voice he said to the men, 

“Do not hurry men, and fire too fast. Let them come up close before you fire and then 

aim slow”. It was, a Union colonel recalled, “the most beautiful thing I ever saw”.        

 

Suddenly the Union artillery on cemetery ridge and Little Round Top opened fire, and a 

great moan went up from the Confederate line. “We could not help hitting them at every 

shot”, a federal officer recalled. As many as 10 men at a time were destroyed by a single 

bursting shell”. A Confederate Lieutenant cried out to his men, “Home boys. Home! 

Remember home is over beyond those hills. The waiting Union troops began chanting, 

“Fredericksburg, Fredericksburg, Fredericksburg!”. When the first Southerners came 

within 200 yards, Union General Alexander Hays told his men to fire. Eleven cannon and 

1,700 muskets went off at once. Entire regiments disappeared.        



 

“The rebel lines were at once enveloped in a dense cloud of dust, arms, heads, blankets, 

guns and knapsacks were tossed into the clear air” (Union soldier)  

 

Still the Confederates came on. They reached the Union line at one place only, a crook in 

the stone wall known as the angle.  “Seconds are centuries, minutes, ages. Men fire into 

each other’s faces not five feet apart. There are bayonet thrusts, saber strokes, pistol 

shots, men going down on their hands and knees spinning round like tops, throwing out 

their arms, gulping blood, falling legless, armless, headless. There are ghastly heaps of 

dead men”     

 

“Foot to foot, body to body, and man to man, they struggled and pushed and strived and 

killed. The mass of wounded and heaps of dead entangled their feet and underneath the 

trampling mass, wounded men who could no longer stand fought, drowned in sweat, 

black with powder, red with blood”.  

 

The Confederates were led by General Lewis A. Armistead. He stepped over the wall 

waving his hat on his sword and seized a Union battery before he was shot down. All the 

Confederates who breached the wall were killed or captured. The Union line held. 

Pickett’s charge had failed. Lee’s army would never again penetrate so far into Northern 

territory. 

 

“Cheer after cheer  rose from the triumphant boys in blue, echoing from Round Top, 

from Cemetery Hill, resounding in the vale below and making the very heavens throb”.  

(Union Private Jesse Young) 

 

As the rebels staggered back, Lee rode out to meet them. “All this has been my fault”, he 

told them.   

 

Probably his finest hour was after the repulse of Pickett’s charge. He walked out into the 

field, met the men retreating and said, “It is all my fault” he told them that. He wrote to 

the Governor, to Jefferson Davis, and said, “It was all my fault. I asked more of the men 

than should have been asked of them” (Shelby Foote, Civil War Historian) 

 

Pickett was horrified. When told to rally his division for a possible Union counter attack, 

Pickett answered, “General Lee, I have no division now”. Pickett never forgave Lee. 

Years later he said, “That old man had my division slaughtered”   

 

Gettysburg was the price the South paid for having R.E Lee. That was the mistake he 

made, the mistake of all mistakes. (Shelby Foote, Civil War Historian)…. 

 

“Gettysburg” Longstreet said, had been “Ground of no value”. “That day”, he added, 

“was the saddest of my life”. Almost one third of those engaged, 51,000 men, were lost. 

The North suffered 23,000 casualties, the South 28,000. The 2,400 inhabitants of 

Gettysburg now had 10 times that number of dead and wounded men to care for.   

 



“Wounded men were brought into our houses and laid side by side in our halls and first 

story rooms. Carpets were so saturated with blood as to be unfit for further use. Walls 

were bloodstained, as well as books that were used for pillows”.  

(Jenny McCreary) 

 

The Confederacy could not afford such sacrifices. All hope of invading the north was 

ended. The next day, Lee began the long retreat back to Virginia as a summer downpour 

washed the blood from the grass and pelted the wounded who rode in a wagon train that 

stretched 17 miles…. 

 

Despite urgings from Washington, Meade refused to attack Lee’s retreating army. 

Another opportunity to destroy the Army of Northern Virginia was lost. Once again 

Lincoln was furious.  Meanwhile Robert E. Lee wrote to Jefferson Davis, offering to 

resign.  

 

“Dear President Davis. I cannot even accomplish what I myself desire. How can I fulfill 

the expectations of others? I generally feel the growing failure of my bodily strength. I 

anxiously urge the matter upon your excellency from my belief that a younger and abler 

man than myself can readily be found”. Robert E. Lee   The offer was not accepted.  

 

William Faulkner in “Intruder in the Dust”, says that for every Southern boy, it’s always 

in his reach to imagine it being 1.00 pm on an early July day in 1863. The guns are laid 

in. The troops are lined up. The flags are already out of their cases and ready to be 

unfurled. But it hasn’t happened yet. And he can go back to the time before the war was 

going to be lost and he can always have that moment for himself. (Shelby Foote, Civil 

War Historian) 

 

David McCullough and Shelby Foote in Ken Burns’, “The Civil War”, 1990. 

 

By June of 1863, Robert E. Lee’s blood was up. The Confederacy, against all odds had 

held off vastly superior Union armies for over two years. What the North had thought 

would be a quick suppression of southern rebels before Christmas of 1861, had tuned 

into a nightmare. Not only did Southern secession now seem likely, but the unthinkable; 

military defeat also seemed possible. Lee believed that the only chance of Southern 

victory in the war, lay in taking the fight into the North, and achieving a decisive victory, 

that would crush Northern morale and its will to carry on the war. Already there had 

been anti-war riots in New York. Rather than whipping the rebels, the North had itself 

been invaded under Lee, but repulsed, only just, at Antietam in September of 1862. The 

Union general George B. McClellan, had been so shaken by the battle he refused to 

follow it up by chasing Lee back into Virginia. Lincoln, in exasperation dismissed him 

from command. Lee had won great victories over McClellan at the Battle of the 7 Days, 

over, Pope at Second Bull Run, over Burnside at Fredericksburg, and over Hooker at 

Chancellorsville. Robert E Lee had become a living legend - not only in the South but 

also in the North. And now in July 1863, he had invaded the North a second time in one 

last desperate bid to win the war. On the cusp of victory by the third day of the battle of 

Gettysburg - sensing how close victory was, he risked all in a foolish charge against 

strongly defended Union lines at the aptly named cemetery ridge - and lost. Like 

McClellan, the victorious Northern General Meade, was so shaken by the scale of the 



battle and his own enormous losses he dared not follow up his victory by chasing Lee’s 

defeated army back into Virginia. Lincoln, though elated at deliverance from the 

Southern invasion, was furious with Meade for not going after Lee when he down - the 

war could have been finished then and there - instead it would go on for a further two, 

long, and even bloodier years than the previous two. 

 

The legendary Confederate General Robert E. Lee was a master of attacking at the right 

time and at the right place - but at Gettysburg, he was so close to victory over the North 

that his blood was up and his usually brilliant judgment for once became catastrophically 

clouded. In the battlefield of the ED, when we suspect a case of osteomyelitis we must 

keep our cool and carefully choose the right time to attack with our empiric antibiotics! 

Unless the patient is very unwell, we  must not get our blood up and attack too early with 

these! They should only be given after the proper collection of appropriate purulent 

samples, and not before. 

 

 

Confederate General George E. Pickett, 1863. Though Robert E. Lee was universally 

revered in both the South and the North, Pickett never forgave him for the disaster at 

Gettysburg.     

 

 



OSTEOMYELITIS 

 

Introduction 

 

Osteomyelitis is an acute or chronic infection of bone secondary to pyogenic organisms. 

 

It can be acute or when dead bone sequestra form it can become chronic. 

 

Establishing an accurate diagnosis of osteomyelitis is vital, as the infection can require 

prolonged antibiotic therapy and/or aggressive surgical intervention. 

 

Normal plain radiography will not exclude osteomyelitis.    

 

Osteomyelitis is unlikely in normal MRI, CT, or nuclear imaging. 

 

The diagnosis of osteomyelitis is best established by: 

 

● Culture of bacteria from a bone biopsy obtained via strict sterile technique 

 

Together with: 

 

● Histologic findings of inflammation and osteonecrosis.  

 

Bone biopsy however may not be necessary for patients with suggestive radiographic 

studies and positive blood cultures. 

 

In general terms: 

 

● Stage 1 disease (isolated medullary osteomyelitis) can usually be treated with 

 antibiotics alone. 

 

● Stages 2, 3, and 4 disease (superficial, localized, and diffuse osteomyelitis) 

 usually require aggressive debridement, antimicrobial therapy, and  subsequent 

 orthopedic reconstruction. 

 

Note that when osteomyelitis is suspected, empiric antibiotics (just as in the case of 

septic arthritis) should not be given unless the patient is systemically septic and very 

unwell  or significantly immunocompromised. 

 

It is vital to obtain purulent material in order to isolate the causative organism, for 

microscopy, culture and sensitivity studies to ensure that the most appropriate 

antibiotic is used.   

 

History 

 

The name osteomyelitis is derived from 3 Greek words - osteon, meaning bone, myelo, 

meaning marrow and itis, meaning inflammation  

 



Osteomyelitis is one of the oldest recorded human diseases, with descriptions dating back 

to the time of Hippocrates (460 - 370 BC). Archaic terms such “boil of the bone marrow” 

were used to describe the infection until the French physician and surgeon, Auguste 

Nélaton (1807 - 1873) introduced the term “osteomyelitis” in 1844. 

 

In the pre-antibiotic era, osteomyelitis was a greatly feared disease, the only treatment 

available being surgery. Wide excisional removal was undertaken of all necrotic bone 

followed by packing of the wound with vaseline gauze. The wound was then left to heal 

by secondary intention and immobilization. The mortality rate due to sepsis was very 

high, at around 33% and did not fall until the introduction of penicillin in the early1940s. 

Penicillin led to a dramatic improvement in the prognosis of osteomyelitis. For the first 

time in history, the aim of treatment following the introduction of this miracle drug, 

became cure rather than disease containment.    

 

Evince for osteomyelitis as an affliction in vertebrate animals in general extends back 

into deep geological time. In 1991 a virtually complete fossil of an Allosaurus 

(subsequently christened “Big Al”) was discovered near Shell, Wyoming, by a joint 

Museum of the Rockies and University of Wyoming Geological Museum team. The 

creature measured 8 meters in length, but was a juvenile, estimated to be only 87 % of its 

full adult size. Evidence of numerous battles with other late Jurassic monsters, are 

suggested by multiple rib and vertebral fractures. The first phalanx on the third toe 

showed evidence of a long term, perhaps up to 6 months, osteomyelitis, caused by a 

penetrating wound.   

 

Epidemiology 

 

● Hematogenous osteomyelitis: 

 

 Hematogenous osteomyelitis occurs more commonly in children than adults. 

 

 ♥ In children, the long bones are most often affected 

 

 ♥ In adults the vertebrae are the most common site. 

 

● Contiguous osteomyelitis: 

 

 This tends to occur in: 

 

♥ Younger individuals in the setting of trauma and related surgery 

 

♥ Older adults, secondary to decubitus ulcers and infected total joint 

 arthroplasties. 

 

Osteomyelitis associated with vascular insufficiency usually occurs among individuals 

with diabetes mellitus. 

 

 

 



Classification 

 

There are several classifications for osteomyelitis.  

 

The classification of Cierny and Mader is useful as it lends itself to the treatment and 

prognosis of osteomyelitis. 

 

It is bases on long-bone osteomyelitis and involves the affected portion of the bone, the 

physiologic status of the host, and the local environment 

 

In general terms: 

 

● Stage 1 (isolated medullary osteomyelitis) can usually be treated with antibiotics 

 alone. 

 

● Stages 2, 3, and 4 (superficial, localized, and diffuse osteomyelitis) usually 

 require aggressive debridement, antimicrobial therapy, and subsequent orthopedic 

 reconstruction. 

 

See Appendix 1 below  

 

Pathology 

 

Organisms: 

 

Hematogenous osteomyelitis is usually monomicrobial, while osteomyelitis due to 

contiguous spread or direct inoculation is usually polymicrobial. 

 

Infecting organisms include:  

 

1. Staphylococcus aureus (the most common by far, 80-90 % of all infections) 

 

Less commonly:  

 

2. Coagulase-negative staphylococci 

 

3. Gram-negative bacilli (usually via IVDU and genitourinary tract infection)  

 

● Klebsiella species  

 

● Escherichia coli  

 

● Pseudomonas species  

 

4. In neonates: 

 

 ● Haemophilus influenzae 

 



 ● Group B streptococci 

 

4. Streptococci 

 

5. Enterococci 

 

6. Anaerobes 

 

7. Fungi 

 

8. Mycobacteria  

 

Acute versus Chronic Osteomyelitis: 

 

If periosteal blood supply is interrupted, bone necrosis will occur.  

 

The resulting pieces of separated dead bone are known as sequestra. 

 

New bone formation that forms in areas of periosteal damage is known as an 

involucrum.  

 

In some cases, a sequestrum can evolve into an involucrum as it is encased within new 

bone growth.  

 

Occasionally, pus may exit in an opening (cloaca) of involucrum.  

 

Acute osteomyelitis is infection in bone prior to development of bone necrosis and 

sequestra (fragments of necrotic bone).  

 

Chronic osteomyelitis is infection in bone after the development of sequestra or an 

involucrum (new bone formation adjacent to a sequestrum). 

 

See Appendix 2 below 

 

In some forms of infection, development of sequestra is relatively slow, such as vertebral 

osteomyelitis, while in others the development of sequestra occurs relatively rapidly, 

such as osteomyelitis in the setting of prosthetic devices or compound fractures. 

 

Other hallmarks of chronic osteomyelitis include formation of an involucrum, local bone 

loss, and sinus tracts (if there is extension of infection through cortical bone). 

 

Routes of Infection: 

 

Routes of infection include:  

 

1. Acute hematogenous osteomyelitis: 

 



● Is characterized by an acute infection of the bone caused by the seeding of 

 the bacteria within the bone from a remote source.  

 

● This condition is most commonly seen in children. The most common site 

 in children is the rapidly growing and highly vascular metaphysis of 

 long bones, especially the tibia and femur.  

 

 If it occurs in adults, then the axial skeleton is the usual site. 

 

● Acute hematogenous osteomyelitis, despite its name, may have a slow 

 clinical development and insidious onset.  

 

2. Contiguous-focus spread:  

 

 ● This is spread of infection to bone from adjacent soft tissues and joints. 

 

3. Direct inoculation osteomyelitis: 

 

● Is an infection in the bone secondary to the inoculation of organisms from 

 direct penetrating trauma, or following a surgical procedure. 

 

● Clinical manifestations of direct inoculation osteomyelitis tend to be more 

 localized than those of hematogenous osteomyelitis and more often 

 involve multiple organisms. 

 

Risk Factors: 

 

These include: 

 

1. Systemic factors: 

 

 ● Immunosuppression (from any cause) 

 

 ● Diabetes mellitus: 

 

♥ Diabetic patients are especially high risk. They may also present 

 somewhat atypically.  

 

Those diabetics who develop skin ulcers may  develop 

osteomyelitis before exposed bone is present on exam occurs. 

 

If a diabetic foot ulcer is larger than 2 x 2 cm or if exposed bone is 

present, there will be a high risk of osteomyelitis. 

 

 ● Renal or hepatic failure  

 

 ● Chronic hypoxia 

 



 ● Malignant disease 

 

 ● Extremes of age    

 

2. Local factors: 

 

 ● Penetrating trauma. 

 

 ● Compound fractures 

 

 ● Surgical procedures 

 

 ● Foreign bodies within bone, including surgical prostheses. 

 

 ● Dead bone, (ischemic necrosis of bone results in the separation of 

 devascularised fragments known as sequestra).  

 

 ● Chronic venous stasis 

 

 ● Chronic lymphedema  

 

 ● Major arterial disease 

 

 ● Small vessel disease 

 

 ● Extensive scarring 

 

  ♥ Including radiation fibrosis.   

 

 ● Neuropathy  

 

 ● Smoking  

 

Complications: 

 

These may include:  

 

1. Bone abscess. 

 

2 Necrotic bone sequestra: 

 

 ● Leading to chronic osteomyelitis  

 

2. Bacteremia/ septicemia.   

 

3. Pathological fracture 

 

4. Loosening of a prosthetic implant 



 

5. Overlying soft-tissue cellulitis, including gas forming infections. 

 

6. Chronic draining soft-tissue sinus tracts and malignant change: 

 

● Sinus tract formation may be rarely be associated with neoplasms, 

 especially in the setting of longstanding infection (range 4 - 50 years).   

 

 Squamous cell carcinoma is the most common tumor associated with 

 chronic osteomyelitis; but other tumors have also been reported. 

 

Most patients with neoplasm have a history of repeated surgical 

interventions.  

 

Development of a malignant tumor is heralded by an enlarging mass, 

increasing pain, foul-smelling drainage, bleeding, or radiographic 

evidence of bone destruction.  

 

Therefore, recalcitrant infection that does not respond to conventional 

therapy should prompt biopsy evaluation for malignancy from multiple 

sites (including the ulcer, sinus tract, and underlying bone). 

 

Clinical features 

 

Acute Osteomyelitis:  

 

Acute osteomyelitis typically presents with gradual onset of symptoms over several 

days.  

 

Subacute osteomyelitis generally presents with mild pain over several weeks, with 

minimal fever and few constitutional symptoms. 

 

Clinical features include:  

 

1. Systemic symptoms: 

 

 ● Fever, rigors (though these may be absent). 

 

 ● Malaise / lethargy  

 

2. Dull pain at the involved site, with or without movement.  

 

3. Local findings of inflammation:  

 

 ● Tenderness / warmth/ erythema, and swelling.  

 

4. Acute osteomyelitis can also present as septic arthritis: 

 



● Acute osteomyelitis may also present as septic arthritis. In long-bone 

 hematogenous osteomyelitis, the most common site of infection is in the 

 metaphysis. If infection spreading from the metaphysis breaks through the 

 bone cortex within the capsular reflection of a joint, discharge of pus into 

 the joint presents as a septic arthritis secondary to osteomyelitis.  

 

Joints in which the long-bone metaphysis is within the joint capsular 

reflection include the knee, hip, and shoulder.  

 

This is particularly important in infants, for whom the presence of 

transphyseal blood vessels and an immature growth plate allows early 

spread of bacteria from the metaphysis to the epiphysis of the bone and 

into the joint cavity. In these cases, infection that begins in the bone can 

spread into the joint quickly, and result in septic arthritis.  

 

A typical presentation in infants/ young children is reluctance to use or 

non-use of a limb. 

 

Chronic Osteomyelitis:  

 

Chronic osteomyelitis may present as   

 

1. Sinus tract disease: 

 

● The presence of a sinus tract is very suggestive of chronic osteomyelitis.  

 

There is ongoing pain, erythema, or swelling, in association with a 

draining sinus tract.  

 

2. Complicated disease:  

 

● The diagnosis of chronic osteomyelitis can be particularly difficult when 

 prosthetic material, extensive skin or soft tissue ulceration, or 

 ischemic changes due to vascular insufficiency are present.  

 

Deep or extensive ulcers that fail to heal after several weeks of 

appropriate ulcer care should raise suspicion for chronic osteomyelitis, 

particularly when such lesions overlie bony prominences.  

 

3. Non-healing fractures  

 

4. Brodie’s abscess (a chronic medullary bone abscess)   

 

Investigations 

 

Blood tests 

 

1. FBE 



 

● Leukocytosis may be seen in acute osteomyelitis.  

 

● White cell counts may be normal in the setting of chronic osteomyelitis. 

 

2. U&Es/ glucose 

 

3. CRP / ESR: 

 

● The ESR and/or C-reactive protein are usually elevated in osteomyelitis, 

 however  normal values do not exclude the diagnosis.  

 

Overall CRP is a better test, however in some low-grade bone and joint 

infections, e.g. in joint prosthesis infections due to low level pathogens 

such as coagulase negative staphylococci, ESR may in fact be better.   

 

4. Blood cultures: 

 

● These may be positive in about half of cases of acute osteomyelitis.  

 

Their utility is probably highest in the setting of hematogenous infection, 

(especially in cases of involves clavicle or pubis infection.   

 

Blood cultures are more likely to be positive in vertebral disease.  

 

Positive blood cultures may also obviate the need for invasive diagnostic 

testing.  

 

Bone Biopsy: 

 

The diagnosis of osteomyelitis is best established by: 

 

● Culture of bacteria from a bone biopsy obtained via strict sterile technique 

 

Together with: 

 

● Histologic findings of inflammation and osteonecrosis.  

 

Bone biopsy however may not be necessary for patients with suggestive radiographic 

studies and positive blood cultures. 

 

A negative culture result from bone biopsy is most often due to sampling failure.  

 

If the suspicion of osteomyelitis is high, even if the results of blood cultures are also 

negative, bone biopsy (ideally open surgical biopsy in vertebral osteomyelitis) should 

be repeated. If the results of cultures are still negative an unusual organism  (e.g. TB or 

fungus) or an alternative pathology (e.g. malignancy) needs to be considered  

 



Plain radiography 

 

Plain radiography is a reasonable initial imaging modality for evaluation of suspected 

osteomyelitis in patients with at least two weeks of clinical symptoms. 

 

It is not adequate for detection of early osteomyelitis.  

 

Normal plain radiography will not exclude early osteomyelitis    

 

The earliest changes are seen in adjacent soft tissues / muscle outlines with swelling and 

loss or blurring of normal fat planes. An effusion may be seen in an adjacent joint. 

 

In general, osteomyelitis must extend at least 1 cm and compromise 30 - 50% of bone 

mineral content to produce noticeable changes in plain radiographs.  

 

Early findings may be subtle, and changes may not be obvious until 5 - 7 days in children 

and 10 - 14 days in adults.  

 

After this time plain radiographic findings of acute osteomyelitis include: 

 

● Regional osteopenia 

 

● Cortical loss 

 

● Bony destruction / focal bony lysis  

 

● Endosteal scalloping (i.e focal resorption of the inner layer of the cortex). 

 

● Loss of normal bony trabecular architecture 

 

● Periosteal reaction 

 

Plain radiographic findings of chronic osteomyelitis include: 

 

● Reactive sclerosis 

 

● Sequestra 

 

● Involucrum 

 

● Cloaca: 

 

♥ A cloaca is an opening in an involucrum which allows drainage of 

 purulent and necrotic material out of the dead bone.  

 

If the tract extends to the skin surface, the portion extending beyond the 

involucrum to the skin surface is called a sinus tract.  

 



Plain radiographic findings of osteomyelitis in patients with metal prosthesis include: 

 

● Fracture non-union  

 

● Peri-prosthetic lucency 

 

CT Scan 

 

CT is more sensitive than conventional radiography for detecting osteomyelitis.   

 

It can detect: 

 

● Cortical and trabecular integrity, 

 

● Periosteal reaction 

 

● Intraosseous gas / soft tissue gas,  

 

● The extent of any associated sinus tracts  

 

It is the most useful modality to evaluate for the presence of osseous sequestra and 

involucrum. 
 

Intravenous contrast is required for detection of soft tissue abnormalities such as sinus 

tracts.  

 

Non- contrast CT allows assessment of gas but does not useful for the  evaluation of 

associated soft tissue pathology. 

 

Metallic devices. prostheses can give rise to significant artifact that may degrade CT 

image quality and so limit diagnostic capability. 

 

Osteomyelitis is unlikely with a normal CT scan. 

 

MRI 

 

MRI is the best and most sensitive imaging modality for the diagnosis of 

osteomyelitis.  

 

It can: 

 

● Demonstrate abnormal marrow edema as early as 3 - 5 days following the onset 

 of infection 

 

● Delineate the extent of cortical destruction characteristic of osteomyelitis.  

 

● Evaluate for presence of associated soft tissue inflammation such as cellulitis, 

 myositis, and/or ulceration.  



 

Intravenous contrast (i.e gadolinium) does not improve the detection of osteomyelitis on 

MRI but it does improve the distinction between phlegmons, necrotic tissue, and 

abscesses and can also detect sinus tract fistulas. 

 

Note that bone marrow changes may persist for weeks to months after osteomyelitis 

begins to respond to therapy. 

 

Osteomyelitis is unlikely with a normal MRI 

 

Bone Scan 

 

Metal prosthesis can preclude MRI or CT scan (artifact effects)   

 

In this situation a Nuclear medicine scan can be useful.  

 

Nuclear medicine imaging has high sensitivity for detecting evidence of active 

inflammation and therefore tends to be more reliable for evaluation of acute infection 

than chronic infection. 

 

A major limitation of nuclear medicine studies is that it has only moderate specificity as  

radiographic evidence of bone turnover or inflammation due to non-infectious bone 

pathology (e.g. recent trauma or surgery, recently healed osteomyelitis, septic arthritis, 

degenerative joint disease, bone tumors, and Paget’s disease) may be confused with 

osteomyelitis. 

 

There are a number of different nuclear medicine study modalities, that can be used 

including: 

 

● Three-phase bone scans: 

 

Three-phase bone scans use a radionuclide tracer that accumulates in areas of 

bone turnover and increased osteoblast activity (such as technetium-99m bound to 

a phosphorus-containing compound).  

 

The scans are performed using a gamma camera at three points following tracer 

injection: immediately after injection (blood flow phase), 15 minutes after 

injection (blood pool phase), and four hours after injection (osseous phase).  

 

In the setting of osteomyelitis, there is intense uptake in all three phases; in the 

setting of cellulitis, there is increased activity only in the first two phases and 

normal or mild diffuse increased activity in the third phase 

 

● Tagged white blood cell (WBC) scans: 

 

A tagged WBC scan uses autologous WBCs labeled with indium 111 

oxyquinoline, gallium-67, or technetium-99m.  

 



To perform the study, blood is drawn from the patient, and the white blood cells 

are separated for labeling with tracer; after a few hours, the tagged white cells are 

returned to the patient's circulation via intravenous injection. Images are taken up 

to 24 hours later.  

 

The tagged white cells accumulate in the bone marrow and at sites of 

inflammation or infection; they are not specific for bone. 

 

● Positron emission tomography (PET) scans: 

 

Fluorine-18-fluorodeoxyglucose positron emission tomography (18F-FDG PET) 

uses 18F-FDG, a glucose analog that accumulates in leukocytes, which in turn 

accumulate at the site of infection.  

 

The 18F-FDG molecule accumulates rapidly even in poorly perfused areas due 

to its small size.  

 

The tracer provides high-resolution tomographic images and, when combined 

with CT (18F-FDG PET CT), provides the anatomic detail of conventional CT 

scans. 

 

● Gallium scans (used less often). 

 

Gallium scans utilize the affinity of gallium-67 to acute phase reactants 

(lactoferrin, transferrin, and others) to demonstrate areas of inflammation that 

may be related to infection. 

 

Osteomyelitis is unlikely with a normal nuclear scan.  

 

Ultrasonography: 

 

Ultrasound is not a useful imaging modality for osteomyelitis.   

 

Bone is not well depicted by ultrasound, because the cortical surface of bone reflects the 

acoustic energy that is used to generate ultrasound images. 

 

It may have some limited use in the absence of availability of other imaging modalities, 

as changes superficial to cortical bone can be visualized.  

 

In osteomyelitis, ultrasound can demonstrate elevation and/or thickening of the 

periosteum due to pus emanating from the bone.  

 

Management  

 

Note that when osteomyelitis is suspected, empiric antibiotics (just as in the case of 

septic arthritis) should not be given unless the patient is systemically septic and very 

unwell or significantly immunocompromised   

 



It is vital to obtain purulent material in order to isolate the causative organism, for 

microscopy, culture and sensitivity studies to ensure that the most appropriate 

antibiotic is used.   

 

Treatment of osteomyelitis is complex and involves 3 important aspects: 

 

1. Appropriate antibiotic selection and appropriate duration of this treatment. 

 

2. Surgical debridement / resection of necrotic material  

 

3. Orthopedic reconstruction (where required) 

 

In general terms: 

 

● Stage 1 (isolated medullary osteomyelitis) can usually be treated with antibiotics 

 alone. 

 

● Stages 2, 3, and 4 (superficial, localized, and diffuse osteomyelitis) usually 

 require aggressive debridement, antimicrobial therapy, and subsequent orthopedic 

 reconstruction. 

 

Antibiotics: 

 

Antibiotic therapy should be tailored to culture and sensitivity findings.  

 

If culture results are not obtainable, then broad-spectrum empiric therapy should be 

commenced. 

 

Expert ID and microbiological advice should be obtained  

 

In general terms, the following factors are taken into consideration: 

  

1. The anatomical location of infection (long bone or vertebral)  

 

2. Specific risk factors: 

 

● History of injecting drugs 

 

● Postoperative infection 

 

● Current or recent confirmed urinary tract or gastrointestinal infection 

 

● Healthcare-acquired infection. 

 

3. Child versus adult: 

 

 ● In children, infection is usually caused by Staphylococcus aureus. 

 



4. Likelihood of MRSA:   

 

● In both adults and children, the likelihood of infection with methicillin-

 resistant S. aureus (MRSA) is increased if: 

 

♥ There is a high local prevalence of community-associated MRSA 

 (CA-MRSA) 

 

♥ The patient has vertebral osteomyelitis  

 

♥ The patient is known to be colonized with MRSA or has a history 

 of colonisation with MRSA. 

 

Empiric Therapy: 2 

 

In broad terms the following are used: 

 

● Flucloxacillin 2 grams (child: 50 mg/kg up to 2 grams ) IV, 4 - 6 hourly 

 (depending on how unwell the patient is).  

 

For patients hypersensitive to penicillins (excluding immediate hypersensitivity i.e frank 

anaphylaxis): 

 

● Cephazolin 2 grams (child: 50 mg/kg up to 2 grams) IV 6 - 8-hourly, (depending 

 on how unwell the patient is).   

 

For patients with anaphylaxis to penicillin, clindamycin or lincomycin may be used. 

 

● Vancomycin is added to flucloxacillin or cephazolin regimens when: 

 

 ♥ The patient is very unwell 

 

 ♥ MRSA is suspected  

 

When  negative infection is suspected, use: 

 

● Ceftriaxone 2 grams (child 1 month or older: 50 mg/kg up to 2 grams) IV daily.  

 

If Pseudomonas species are confirmed, use: 

 

● Ceftazidime 2 grams (child: 50 mg/kg up to 2 g) IV, 8-hourly. 

 

Duration of Therapy: 2 

 

The optimal duration of antibiotic therapy, as well as the timing of conversion to oral 

therapy, is uncertain, but the following has been suggested for long-bone and vertebral 

osteomyelitis: 2 

 



 

TYPE 

 

AGE 

 

Duration of antibiotic therapy (may be modified according to 

clinical response) 

 

 

Intravenous 

 

Total duration (can be completed 

with oral therapy) 

 

 

Acute osteomyelitis 

 

Neonate  

 

 

4 weeks  

 

4 weeks (i.e all IV)  

 

Child  

 

 

3 days  

 

Minimum 3 weeks 

 

Adult  

 

 

4 weeks  

 

Minimum 6 weeks 

 

Chronic osteomyelitis 

 

 

Child 

 

 

May not be necessary 

 

Minimum 6 weeks 

 

Adult 

 

 

2 weeks  

 

Many months  

 

Note that if the patient is improving, earlier conversion to oral therapy may be possible, 

as long as there is an appropriate oral antimicrobial available that is as effective as 

intravenous therapy (e.g. ciprofloxacin, clindamycin). Conversely, some patients will 

need a longer duration of intravenous therapy than recommended here. Always seek 

expert advice. 

 

Osteomyelitis in association with surgical prostheses: 

 

Osteomyelitis in association with surgical prostheses is extremely difficult to treat. 

 

The best chance of cure is in those patients who present within 2 weeks of surgery. 

 

Cure rates of less than 50% have been reported for the more chronic infections if the 

prosthetic material is not removed. 

 

If prosthesis removal is not possible, a cure is ultimately unlikely and suppression of 

infection with long term antibiotics will be necessary. 

 

Disposition: 

 

All cases of suspected osteomyelitis must be referred to the Orthopedic unit. 

 



The Infectious Diseases and Microbiology Units should also be involved to assist with 

the best antibiotic regimen. 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 1 

 

The Cierny and Mader Classification of Osteomyelitis: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ANATOMIC TYPE: 

 

TYPE I: Medullary 

 

● Medullary osteomyelitis denotes infection confined to the intramedullary surfaces 

 of bone. 

 

● The main cause are hematogenous spread and infected intramedullary rods.   

 



 

TYPE II: Superficial: 

 

● Superficial osteomyelitis is true contiguous focus infection of bone.  

 

● This occurs when an exposed infected necrotic surface lies at the base of a soft 

 tissue wound.    

 

TYPE III: Localized:  

 

● Localized osteomyelitis is usually characterized by a full thickness, cortical 

 sequestration which can be removed surgically without compromising bony 

 stability.     

 

TPYE IV: Diffuse: 

 

● Diffuse osteomyelitis is a through and though process that usually requires an 

 intercalary resection of the bone to arrest the disease process.  

 

● Diffuse osteomyelitis includes those infections with a loss of bony stability either 

 before or after debridement surgery.    

 

PHYSIOLOGIC CLASS OF THE HOST: 

 

Host factors are important for prognosticating containment of infection. A systemically 

and/or locally compromised host cannot isolate an infectious focus as well as a normal 

host, and so treatment in such patients will be more difficult.    

 

CLASS A: 

 

● Denotes a normal host  

 

CLASS B: 

 

● Denotes a host with local  or systemic compromise, or both.  

 

CLASS C: 

 

● Denotes a host for whom the morbidity of treatment is worse than that imposed by 

 the disease itself.  

 

 

 

 

 

 

 

 



Appendix 2 

 

Three radiographic features of chronic osteomyelitis (Case courtesy of Dr Dalia Ibrahim, 

Radiopaedia.org, rID: 30788: https://radiopaedia.org/). 

 

 

 

 



 

Most hallowed ground. The field of Gettysburg, where in July 1863, the greatest battle of 

the American Civil War and the greatest ever in the western hemisphere was fought. 

 

     

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The French physician and surgeon, Auguste Nélaton (1807 - 1873) in later life. He 

introduced the term “osteomyelitis” in 1844. 
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